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Form a planar pattern layer 300 having a slit 40 on a substrate where a
pixel defining layer 10 and an OLED device 20 are formed, wherein the
slit 40 corresponds to a pattern location of the pixel defining layer 10
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OLED SUBSTRATE AND PACKAGING
METHOD AND DISPLAY APPARATUS
THEREOF

CROSS REFERENCE

[0001] This application is based upon and claims priority
to Chinese Patent Application No. 2018100445164, filed on
Jan. 17, 2018, the entire contents thereof are incorporated
herein by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to the field
of display technologies, and more particularly, to an OLED
substrate and a packaging method and a display apparatus
thereof.

BACKGROUND

[0003] Organic light emitting diode (OLED) has many
advantages such as wide viewing angle, high brightness,
high contrast, low voltage DC drive, active light emission,
simple preparation technology, ultrathin and portable char-
acteristics, eftc., and thus it is widely recognized as a new
generation of display technology followed by cathode ray
tube (CRT), liquid crystal display (LCD), and plasma dis-
play panel (PDP), and its display quality is comparable to
the LCD actively driven by a thin film transistor (TFT), but
its price is much cheaper than the TFT. Therefore, the OLED
technologies pose a challenge to the widely-used LCD
technologies.

[0004] So far, great progress has been made in the OLED
technologies, red light emitting materials, green light emit-
ting materials and blue light emitting materials have been
successfully developed, and luminous intensity and lumi-
nous efficiency have reached a full-color display of practical
level. However, compared with the LCD and the PDP, the
OLED is shorter in service life, which is still one of
important factors restricting its commercialization.

[0005] It is to be noted that the above information dis-
closed in this Background section is only for enhancement
of understanding of the background of the present disclosure
and therefore it may contain information that does not form
the prior art that is already known to a person of ordinary
skill in the art.

SUMMARY

[0006] The present disclosure provides an OLED substrate
and a packaging method and a display apparatus thereof.
[0007] Other features and advantages of the present dis-
closure will become apparent from the following detailed
description, or in part, by practice of the present disclosure.
[0008] According to an aspect of the present disclosure,
there is provided a method for packaging an OLED sub-
strate, which includes:

[0009] forming a functional layer having a slit on a
substrate where a pixel defining layer and an OLED device
are formed, the slit corresponding to a pattern location of the
pixel defining layer;

[0010] etching the pixel defining layer by using the func-
tional layer as a mask to obtain the pixel defining layer
having a groove; and

[0011] forming a packaging thin film on the pixel defining
layer having the groove and the functional layer to obtain a
thin-film packaging layer sinking into the groove.
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[0012] In an exemplary embodiment of the present dis-
closure, a maximum width of the slit is smaller than a
maximum width of the pixel defining layer but is greater
than a maximum width of the groove.

[0013] In an exemplary embodiment of the present dis-
closure, the forming a functional layer having a slit on a
substrate where a pixel defining layer and an OLED device
are formed includes:

[0014] forming a plurality of array-arranged subpixels on
a substrate, each of the subpixels including a thin film
transistor and a pixel electrode electrically connected to the
thin film transistor;

[0015] forming the pixel defining layer between adjacent
subpixels on the pixel electrode;

[0016] sequentially forming an organic light emitting
layer and a common electrode in a region defined by the
pixel defining layer; and

[0017] forming a photosensitive resin layer on the com-
mon electrode to serve as a planar layer; and

[0018] patterning the planar layer to obtain the functional
layer having the slit,

[0019] the pixel electrode, the common electrode, and the
organic light emitting layer positioned between the pixel
electrode and the common electrode constitute the OLED
device.

[0020] In an exemplary embodiment of the present dis-
closure, the patterning the planar layer to obtain the func-
tional layer having the slit includes:

[0021] coating a layer of photoresist on the substrate
where the planar layer is formed,

[0022] exposing and developing the substrate where the
photoresist is formed by using a mask to obtain a photore-
sist-removed portion and a photoresist-reserved portion,
wherein the photoresist-removed portion corresponds to a
location of a to-be-formed slit;

[0023] etching the planar layer exposed from the photo-
resist-removed portion to form the slit in the planar layer;
and

[0024] peeling the remaining photoresist off.

[0025] In an exemplary embodiment of the present dis-
closure, the forming a functional layer having a slit on a
substrate where a pixel defining layer and an OLED device
are formed includes:

[0026] forming a plurality of array-arranged subpixels on
a substrate, each of the subpixels including a thin film
transistor and a pixel electrode electrically connected to the
thin film transistor;

[0027] forming the pixel defining layer between adjacent
subpixels on the pixel electrode;

[0028] sequentially forming an organic light emitting
layer and a common electrode in a region defined by the
pixel defining layer; and

[0029] forming the functional layer having the slit on the
common electrode;

[0030] The pixel electrode, the common electrode, and the
organic light emitting layer positioned between the pixel
electrode and the common electrode constitute the OLED
device.

[0031] In an exemplary embodiment of the present dis-
closure, the etching the pixel defining layer by using the
functional layer as a mask includes:

[0032] in the case where the OLED substrate is a flexible
substrate, determining an etching depth of the pixel defining
layer based on a bend radius of the flexible substrate;
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[0033] and

[0034] etching the pixel defining layer by using the func-
tional layer as a mask based on the determined etching
depth.

[0035] In an exemplary embodiment of the present dis-

closure, the packaging method further includes:

[0036] forming a cover plate or a protective layer on the
thin-film packaging layer by means of an adhesion layer.
[0037] In an exemplary embodiment of the present dis-
closure, the thin-film packaging layer is formed by atomic
layer deposition.

[0038] In an exemplary embodiment of the present dis-
closure, a portion of connection points are reserved in a
horizontal direction and a longitudinal direction to imple-
ment the electrical connection of the common electrode.
[0039] In an exemplary embodiment of the present dis-
closure, a portion of connection points are reserved in the
horizontal direction or the longitudinal direction to imple-
ment the electrical connection of the common electrode in a
single direction, and in another direction, parallel electrical
connection is implemented in a peripheral non-display
region.

[0040] According to an aspect of the present disclosure,
there is provided an OLED substrate, which includes:
[0041] a substrate;

[0042] a pixel defining layer and an OLED device posi-
tioned on the substrate, a side of the pixel defining layer
diverging from the substrate being provided with a groove;
[0043] a functional layer positioned on the pixel defining
layer and the OLED device, the functional layer being
provided with a slit at a groove location corresponding to the
pixel defining layer; and

[0044] a thin-film packaging layer positioned on the func-
tional layer and the pixel defining layer, the thin-film pack-
aging layer sinking into the groove of the pixel defining
layer.

[0045] In an exemplary embodiment of the present dis-
closure, a maximum width of the slit is smaller than a
maximum width of the pixel defining layer but is greater
than a maximum width of the groove.

[0046] In an exemplary embodiment of the present dis-
closure, the OLED substrate further includes:

[0047] acover plate or a protective layer positioned on the
thin-film packaging layer.

[0048] In an exemplary embodiment of the present dis-
closure, the OLED device further includes:

[0049] an array-arranged pixel electrode positioned on the
substrate, an organic light emitting layer positioned on the
pixel electrode, and a common electrode positioned on the
organic light emitting layer.

[0050] In an exemplary embodiment of the present dis-
closure, a portion of connection points are reserved in a
horizontal direction and a longitudinal direction to imple-
ment the electrical connection of the common electrode.
[0051] In an exemplary embodiment of the present dis-
closure, a portion of connection points are reserved in the
horizontal direction or the longitudinal direction to imple-
ment the electrical connection of the common electrode in a
single direction, and in another direction, parallel electrical
connection is implemented in a peripheral non-display
region.

[0052] According to an aspect of the present disclosure,
there is provided a display apparatus, which includes the
above-mentioned OLED substrate.
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[0053] 1t should be understood that the above general
description and the detailed description below are merely
exemplary and explanatory, and do not limit the present
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] The accompanying drawings herein are incorpo-
rated in and constitute a part of this specification, illustrate
embodiments conforming to the present disclosure and
together with the description serve to explain the principles
of the present disclosure. Apparently, the accompanying
drawings in the following description show merely some
embodiments of the present disclosure, and persons of
ordinary skill in the art may still derive other drawings from
these accompanying drawings without creative efforts.
[0055] FIG. 1 schematically illustrates schematic dia-
grams of several common packaging methods and charac-
teristics thereof;

[0056] FIG. 2 schematically illustrates a thin-film pack-
aging flowchart of an OLED device according to a com-
parative example of the present disclosure;

[0057] FIG. 3 schematically illustrates a schematic dia-
gram showing corrosion diffusion of the OLED device
according to the comparative example of the present disclo-
sure;

[0058] FIG. 4 schematically illustrates a schematic dia-
gram showing fracture of a packaging layer of the OLED
device according to the comparative example of the present
disclosure;

[0059] FIG. 5 schematically illustrates a flowchart of a
method for packaging an OLED substrate according to an
exemplary embodiment of the present disclosure;

[0060] FIG. 6-FIG. 8 schematically illustrate schematic
diagrams of procedures for packaging the OLED substrate
according to an exemplary embodiment of the present
disclosure;

[0061] FIG. 9 schematically illustrates an enlarged view of
a packaging structure of the OLED substrate according to an
exemplary embodiment of the present disclosure;

[0062] FIG. 10 schematically illustrates a schematic dia-
gram of procedures for forming a planar layer according to
an exemplary embodiment of the present disclosure;
[0063] FIG. 11 schematically illustrates a schematic dia-
gram of procedures for forming a functional layer according
to an exemplary embodiment of the present disclosure;
[0064] FIG. 12 schematically illustrates a schematic dia-
gram of a connection mode of a common electrode; and
[0065] FIG. 13 schematically illustrates a schematic dia-
gram of a connection mode of a common electrode accord-
ing to an exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION

[0066] Exemplary embodiments will be described more
comprehensively by referring to accompanying drawings
now. However, the exemplary embodiments can be embod-
ied in many forms and should not be construed as limited to
the embodiments set forth herein; rather, these embodiments
are provided so that this disclosure will be made thorough
and complete, and the concept of exemplary embodiments
will be fully conveyed to those skilled in the art. Further-
more, the described features, structures, or characteristics
may be combined in any suitable manner in one or more
embodiments.
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[0067] Inaddition, the accompanying drawings are merely
exemplary illustration of the present disclosure, and are not
necessarily drawn to scale. The same reference numerals in
the drawings denote the same or similar parts, and thus
repeated description thereof will be omitted. Some block
diagrams shown in the figures are functional entities and not
necessarily to be corresponding to a physically or logically
individual entities. These functional entities may be imple-
mented in software form, or implemented in one or more
hardware modules or integrated circuits, or implemented in
different networks and/or processor apparatuses and/or
microcontroller apparatuses.

[0068] Due to advantages such as wide viewing angle,
high brightness, high contrast and low voltage DC drive,
OLED is expected to become a new-type display in place of
an LCD. However, the OLED device is vulnerable to erosion
of water vapor and oxygen in air, which has a negative effect
on the service life of the OLED device. The OLED device
needs to be effectively packaged to prolong its service life.
FIG. 1 illustrates several current common packaging meth-
ods and characteristics thereof. In the thin-film packaging
technology, compacted thin films or multilayer films may be
employed to implement packaging of the OLED device, and
thus invasion of water vapor and oxygen is cut off.

[0069] Main factors influencing the service life of the
OLED include physical influence and chemical influence.
The physical influence refers to the influence of functional
layer combination and its interface, the influence of cathode
materials, the glass transition temperature of a hole transport
layer, and a drive mode, etc. The chemical influence refers
to cathodic oxidation and crystallization of the hole transport
layer, etc. Studies have shown that constituents in air such
as water vapor and oxygen have a great effect on the service
life of the OLED. The main reasons may be considered from
the following aspects: when an OLED device works, elec-
trons need to be injected from its cathode, which requires the
cathode work function to be the lower the better. However,
metallic materials serving as the cathode such as aluminum,
magnesium, calcium and so on are relatively active, and thus
the cathode may easily react with the infiltrated water vapor,
and the water vapor also may chemically react with the hole
transport layer and the electron transport layer, thereby
causing failure of the OLED device, etc. Based on this, if the
OLED device can be effectively packaged to separate the
functional layers of the OLED device from the constituents
in air such as water vapor and oxygen, it will be advanta-
geous to prolong the service life of the OLED device.
[0070] Exemplarily, FIG. 2 illustrates a thin-film packag-
ing flowchart of the OLED device, which may roughly
include following steps:

[0071] S1: performing TFT backplate process on a sub-
strate 01 to obtain a TFT array 02;

[0072] S2: forming a pixel defining layer 03 on the TFT
backplate to normalize a fabrication region of the OLED;
[0073] S3: fabricating a light emitting layer EL04 in the
region normalized by the pixel defining layer 03 by way of
printing or evaporation to obtain a red sub-pixel R, a green
sub-pixel G and a blue sub-pixel B;

[0074] S4: fabricating an electrode layer 05 such as a
magnesium/silver (Mg/Ag) electrode or an indium tin oxide
(ITO) electrode on the light emitting layer EL04;

[0075] SS5: fabricating a planar layer 06 such as a resin
layer on the electrode layer 05; and
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[0076] S6: forming a compacted film layer on the planar
layer 06 to serve as a packaging layer 07 by using, for
example, an atomic layer deposition (ALD) device to imple-
ment packaging of the OLED device.

[0077] Based on the above thin-film packaging structure
and the thin-film packaging process, although packaging of
the OLED device may be implemented by a thinner film
layer, the potential risk as shown in FIG. 3 and FIG. 4 still
likely exists. In one aspect, as can be known by referring to
FIG. 3, during planar display, if water-oxygen corrosion
occurs in a certain pixel, the corrosion may be horizontally
expanded to other adjacent pixels, thereby causing large area
defect. In another aspect, as can be known by referring to
FIG. 4, during flexible display, the distance between the
packaging layer and the substrate is too large, such that the
packaging layer may deform greatly when the substrate
bends, which easily leads to cracks and thus causes invasion
of water vapor and oxygen, thereby reducing the reliability.
[0078] On this basis, this exemplary embodiment provides
a method for packaging an OLED substrate. As shown in
FIG. 5, the packaging method may include following steps:
[0079] S10: referring to FIG. 6, forming a planar pattern
layer 300 (e.g., a functional layer) having a slit 40 on a
substrate where a pixel defining layer 10 and an OLED
device 20 are formed, wherein the slit 40 corresponds to a
pattern location of the pixel defining layer 10;

[0080] S20: referring to FIG. 7, etching the pixel defining
layer 10 by using the planar pattern layer 300 as a mask to
obtain the pixel defining layer 10 having a groove 100; and
[0081] S30: referring to FIG. 8, forming a packaging thin
film on the pixel defining layer 10 having the groove 100 and
the planar pattern layer 300 to obtain a thin-film packaging
layer 50 sinking into the groove 100.

[0082] According to the method for packaging an OLED
substrate provided by the exemplary embodiments of the
present disclosure, the pixel defining layer 10 beneath the
planar pattern layer 300 is etched by using the planar pattern
layer 300 having the slit 40 as a mask, such that the groove
100 is formed in the pixel defining layer 10. In this way, a
thin-film packaging layer 50 formed on the groove 100 may
sink into the groove 100. FIG. 9 illustrates an enlarged view
of a packaging structure of the OLED substrate obtained
based on this packaging method. Based on this packaging
method, in one aspect, the thin-film packaging layer 50
corresponding to the pixel defining layer 10 may be formed
in the groove 100 between adjacent pixels to implement
pixel-level packaging. In this way, the phenomenon of
horizontal expansion of water-oxygen corrosion of a certain
pixel to other adjacent pixels may be improved, deteriora-
tion and expansion of pixels are avoided, large area defect is
prevented, and thus the service life of an OLED device is
prolonged. In another aspect, the distance between the
thin-film packaging layer 50 corresponding to the pixel
defining layer 10 and the substrate may be reduced to reduce
stress generated by deformation of the flexible substrate, and
thus risk of fracture of the packaging layer of the flexible
substrate is decreased, and reliability of the OLED device is
enhanced.

[0083] The method for packaging the OLED device is
described in detail below with reference to the accompany-
ing drawings.

[0084] In Step S10, referring to FIG. 6, the planar pattern
layer 300 having the slit 40 is formed on the substrate where
the pixel defining layer 10 and the OLED device 20 are
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formed, wherein the slit 40 corresponds to a pattern location
of the pixel defining layer 10.

[0085] In this exemplary embodiment, the pixel defining
layer 10 includes a pattern used for spacing pixels. The
pattern should have a certain width dimension such as 2
um~10 pm, and with this width dimension, it is sufficient to
form the groove 100 in the pattern region of the pixel
defining layer 10 by means of a primary etching process. The
maximum width of the slit 40 in the planar pattern layer 300
should be smaller than the maximum width of the pixel
defining layer 10 but is greater than that of the groove 100
to be formed, such that the groove 100 is formed in the
pattern region of the pixel defining layer 10 by means of the
etching process.

[0086] In an embodiment of this example, referring to
FIG. 10 and FIG. 11, the forming a planar pattern layer 300
having a slit 40 on a substrate where a pixel defining layer
10 and an OLED device 20 are formed may include:
[0087] S111: forming a plurality of array-arranged sub-
pixels on a substrate 01, wherein each of the subpixels
includes a thin film transistor and a pixel electrode 201
electrically connected to the thin film transistor;

[0088] S112: forming the pixel defining layer 10 having a
certain width between the adjacent subpixels on the pixel
electrode 201;

[0089] S113: forming an organic light emitting layer 202
in a region limited by the pixel defining layer 10 by way of
printing or evaporation, and forming a common electrode
203 on the organic light emitting layer 202,

[0090] S114: forming a photosensitive resin layer on the
common electrode 203 using a low temperature film forming
technology to serve as a planar layer 30; and

[0091] S115: patterning the planar layer 30 to obtain the
planar pattern layer 300 having the slit 40.

[0092] The OLED device 20 includes the pixel electrode
201, the common electrode 203, and the organic light
emitting layer 202 between the pixel electrode 201 and the
common electrode 203. One of the pixel electrode 201 and
the common electrode 203 may serve as an anode, and the
other one may serve as a cathode. Electrode materials may
adopt metallic materials such as Mg/Ag alloys or metallic
oxide materials such as ITO, etc.

[0093] Itis to be noted that the patterning process refers to
composing the planar layer 30 by using a mask to form
patterns required in the planar layer 30 by way of a photo-
lithographic process. Exemplarily, referring to FIG. 11,
specific procedures of patterning the planar layer 30 are as
follows:

[0094] S115-1: coating a layer of photoresist 90 on a
substrate where the planar layer 30 is formed, wherein the
photoresist 90 may be a positive photoresist or a negative
photoresist;

[0095] S115-2: exposing and developing the substrate
where the photoresist 90 is formed by using the mask to
obtain a photoresist-removed portion 901 and a photoresist-
reserved portion 902, wherein the photoresist-removed por-
tion 901 corresponds to the location of the to-be-formed slit
40;

[0096] S115-3: etching the planar layer 30 exposed from
the photoresist-removed portion 901 to form the slit 40 in the
planar layer 30; and

[0097] S115-4: peeling the remaining photoresist 90 off to
obtain the planar pattern layer 300 having the slit 40.
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[0098] 1In another embodiment of this example, the form-
ing a planar pattern layer 300 having a slit 40 on a substrate
where a pixel defining layer 10 and an OLED device 20 are
formed includes:

[0099] S121: forming a plurality of array-arranged sub-
pixels on a substrate 01, wherein each of the subpixels
includes a thin film transistor and a pixel electrode 201
electrically connected to the thin film transistor;

[0100] S122: forming the pixel defining layer 10 having a
certain width between the adjacent subpixels on the pixel
electrode 201;

[0101] S123: forming an organic light emitting layer 202
in a region limited by the pixel defining layer 10 by way of
printing or evaporation, and forming a common electrode
203 on the organic light emitting layer 202; and

[0102] S124: directly forming the planar pattern layer 300
having the slit on the common electrode 203 through evapo-
ration.

[0103] The OLED device 20 includes the pixel electrode
201, the common electrode 203, and the organic light
emitting layer 202 positioned between the pixel electrode
201 and the common electrode 203. One of the pixel
electrode 201 and the common electrode 203 may serve as
an anode, and the other one may serve as a cathode.
Electrode materials may adopt metallic materials such as
Mg/Ag alloys or metallic oxide materials such as ITO, etc.

[0104] As can be seen, in this exemplary embodiment, the
planar pattern layer 300 having the slit 40 may be formed by
forming a photosensitive resin and exposing and developing
the photosensitive resin. Furthermore, the planar pattern
layer 300 having the slit 40 may be directly formed on the
common electrode 203 by way of evaporation. The present
disclosure does not specifically limit methods of forming the
planar pattern layer 300.

[0105] Based on the above structure, the common elec-
trode 203 does not use the conventional planar structure as
shown in FIG. 12, but uses a blocky structure formed in each
sub-pixel. Therefore, special design needs to be made for
each blocky electrode to implement electrical connection of
the electrodes.

[0106] Referring to FIG. 13, there are three connection
modes of the common electrode 203 in this embodiment as
below. In the first connection mode, a portion of connection
points 80 are reserved in a horizontal direction such as the
direction of a gate line 801 and in a longitudinal direction
such as the direction of a data line 802 to implement the
electrical connection of the common electrode 203. In the
second connection mode, a portion of connection points 80
are reserved in the horizontal direction such as the direction
of the gate line 801 or in the longitudinal direction such as
the direction of the data line 802 to implement the electrical
connection of the common electrode 203 in a single direc-
tion. While in another direction, parallel electrical connec-
tion may be implemented in a peripheral non-display region,
such that only the connection points 80 in one direction may
be reserved, and thus pixel-level packaging level is
improved. In the third connection mode, when an ITO
electrode is used, the ITO electrical connection has less
effect on a problem of small size, but is demanding for
large-sized resistors. Therefore, the number of points of
electrical connection may be increased to reduce resistance,
or a metal layer is increased on an upper layer to reduce the
integral resistance.
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[0107] Ttisto be noted that in this exemplary embodiment,
the organic light emitting layer 202 of each sub-pixel may
directly use color light emitting material such as light
emitting materials that can directly emit red light, green light
and blue light, or also may use other light emitting materials
such as light emitting materials that can emit while light. At
this moment, color display may be implemented by collo-
cating photoresistors of each color such as red light photo-
resistors, green light photoresistors, and blue light photore-
sistors.

[0108] In Step S20, referring to FIG. 7, the pixel defining
layer 10 is etched by using the planar pattern layer 300 as the
mask to obtain the pixel defining layer 10 having the groove
100.

[0109] The etching process may be a dry etching process
or a wet etching process. The etching depth may be set
according to actual requirements, and an extreme position
thereof requires that the pixel defining layer 10 can be
exactly and completely etched. In the meanwhile, it is also
needed to consider process implementation difficulty.
[0110] In the case that the OLED substrate is a flexible
substrate, in consideration of a fact that bend of the flexible
substrate may cause the packaging layer to deform due to
effect of stress. Therefore, the etching depth of the pixel
defining layer 10 may be designed based on the bend radius
of a flexible product. The greater the bend radius is, the
larger the etching depth is.

[0111] Exemplarily, etching the pixel defining layer 10 by
using the planar pattern layer 300 as a mask to obtain the
pixel defining layer 10 having a groove 100 specifically may
include:

[0112] S201: when the OLED substrate is a flexible sub-
strate, determining the etching depth of the pixel defining
layer 10 based on the bend radius of the flexible substrate;
and

[0113] S202: etching the pixel defining layer 10 by using
the planar pattern layer 300 as the mask based on the
determined etching depth to obtain the pixel defining layer
10 having the groove 100.

[0114] As thus, the groove 100 having a certain depth is
formed in the pixel defining layer 10 according to the actual
needs. That is, the distance from the upper surface of the
pixel defining layer 10 to the substrate 01 may be reduced,
such that the packaging layer can get close to the substrate
as much as possible when forming the thin-film packaging
layer 50.

[0115] In Step S30, referring to FIG. 8, a packaging thin
film is formed on the pixel defining layer 10 having the
groove 100 and the planar pattern layer 300 to obtain a
thin-film packaging layer 50 sinking into the groove 100.
[0116] The thin-film packaging layer 50 may be a single-
layer packaging structure or a multilayer packaging struc-
ture, and the multilayer packaging structure may be pack-
aged by using a method in which an organic film layer
alternates with an inorganic film layer.

[0117] In this exemplary embodiment, the thin-film pack-
aging layer 50 may form a compacted film layer on the pixel
defining layer 10 having the groove 100 and the planar
pattern layer 300 by using an ALD device or the like. In the
meanwhile, the thin-film packaging layer 50 also may cover
boundaries of the pixel defining layer 10, such that good
water-blocking and oxygen-inhibiting characteristics may
be implemented by using a thinner film layer.
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[0118] Based on the above procedures, in consideration of
anti-scratch performances of the OLED substrate, the
method for packaging the OLED substrate may further
include:

[0119] S40: forming a glass cover plate or a protective
layer on the thin-film packaging layer 50 by means of an
adhesion layer.

[0120] The pixel-level packaging structure formed based
on the above steps S10-S40 not only may improve deterio-
ration and expansion of pixels but also may decrease risk of
fracture of the packaging layer of the flexible substrate. In
addition, the OLED substrate has anti-scratch performances,
and thus is an OLED device having high reliability.

[0121] This exemplary embodiment further provides an
OLED substrate, which is prepared by using the above
packaging method. Referring to FIG. 8, the OLED substrate
may include:

[0122] a substrate 01,

[0123] a pixel defining layer 10 and an OLED device 20
positioned on the substrate 01, wherein a side of the pixel
defining layer 10 diverging from the substrate 01 is provided
with a groove 100;

[0124] a planar pattern layer 300 positioned on the pixel
defining layer 10 and the OLED device 20, wherein the
planar pattern layer 300 is provided with a slit 40 at a groove
100 location corresponding to the pixel defining layer 10;
[0125] a thin-film packaging layer 50 positioned on the
planar pattern layer 300 and the pixel defining layer 10,
wherein the thin-film packaging layer 50 sinks into the
groove 100 of the pixel defining layer 10; and

[0126] a cover plate or a protective layer positioned on the
thin-film packaging layer 50.

[0127] The OLED device 20 may include an array-ar-
ranged pixel electrode 201 positioned on the substrate 01, an
organic light emitting layer 202 positioned on the pixel
electrode, and a common electrode 203 positioned on the
organic light emitting layer 202. One of the pixel electrode
201 and the common electrode 203 may serve as the anode,
and the other one may serve as the cathode. Electrode
materials may adopt metallic materials such as Mg/Ag
alloys or metallic oxide materials such as ITO, etc.

[0128] According to the OLED substrate provided by this
exemplary embodiment of the present disclosure, in one
aspect, the thin-film packaging layer 50 corresponding to the
pixel defining layer 10 may sink into the groove 100
between adjacent pixels to implement pixel-level packaging.
In this way, the phenomenon of horizontal expansion of
water-oxygen corrosion of a certain pixel to other adjacent
pixels may be improved, deterioration and expansion of
pixels are avoided, large area defect is prevented, and thus
the service life of the OLED device is prolonged. In another
aspect, the distance between the thin-film packaging layer
50 corresponding to the pixel defining layer 10 and the
substrate may be reduced to reduce stress generated by
deformation of the flexible substrate, and thus risk of frac-
ture of the packaging layer of the flexible substrate is
decreased, and reliability of the OLED device is enhanced.
[0129] In this exemplary embodiment, the size of the slit
40 in the planar pattern layer 300 is smaller than the pattern
size of the pixel defining layer 10 but is greater than that of
the groove 100. The pattern size of the pixel defining layer
10 may be set between 2 um and 10 pum.

[0130] It is to be noted that specific details of the OLED
substrate have been described in detail in the method for
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fabricating the OLED substrate, and thus their detailed
descriptions are omitted herein.

[0131] This exemplary embodiment further provides a
display apparatus, which includes the foregoing OLED
substrate. The display apparatus may weaken horizontal
water-oxygen corrosion intensity of pixels to prolong the
service life of the OLED device and decrease the risk of
fracture of the packaging layer of the flexible substrate, and
thus the reliability of the OLED device is enhanced.

[0132] The display apparatus may be any product or
component having a display function, such as a mobile
phone, a tablet computer, a TV set, a notebook computer, a
digital photo frame, a navigation device and so on.

[0133] According to the OLED substrate and the packag-
ing method and the display apparatus thereof provided by
the exemplary embodiments of the present disclosure, a
pixel defining layer beneath a planar pattern layer is etched
by using the planar pattern layer having a slit as a mask, such
that a groove is formed in the pixel defining layer. In this
way, a thin-film packaging layer formed on the groove may
sink into the groove. Based on this packaging method, in one
aspect, the thin-film packaging layer corresponding to the
pixel defining layer may be formed in the groove between
adjacent pixels to implement pixel-level packaging. In this
way, the phenomenon of horizontal expansion of water-
oxygen corrosion of a certain pixel to other adjacent pixels
may be improved, deterioration and expansion of pixels are
avoided, large area defect is prevented, and thus the service
life of an OLED device is prolonged. In another aspect, the
distance between the thin-film packaging layer correspond-
ing to the pixel defining layer and the substrate may be
reduced to reduce stress generated by deformation of the
flexible substrate, and thus risk of fracture of the packaging
layer of the flexible substrate is decreased, and reliability of
the OLED device is enhanced.

[0134] It is to be noticed that although a plurality of
modules or units of the device for action execution have
been mentioned in the above detailed description, this par-
tition is not compulsory. Actually, according to the embodi-
ment of the present disclosure, features and functions of two
or more modules or units as described above may be
embodied in one module or unit. Reversely, features and
functions of one module or unit as described above may be
further embodied in more modules or units.

[0135] In addition, steps of the method in the present
disclosure are described in a particular order in the accom-
panying drawings. However, this does not require or imply
to execute these steps necessarily according to the particular
order, or this does not mean that the expected result cannot
be implemented unless all the shown steps are executed.
Additionally or alternatively, some steps may be omitted, a
plurality of steps may be combined into one step for execu-
tion, and/or one step may be decomposed into a plurality of
steps for execution.

[0136] Other embodiments of the present disclosure will
be apparent to those skilled in the art from consideration of
the specification and practice of the present disclosure
disclosed here. This application is intended to cover any
variations, uses, or adaptations of the present disclosure
following the general principles thereof and including such
departures from the present disclosure as come within
known or customary practice in the art. It is intended that the
specification and embodiments be considered as exemplary

Jul. 18,2019

only, with a true scope and spirit of the present disclosure
being indicated by the following claims.

[0137] Tt will be appreciated that the present disclosure is
not limited to the exact construction that has been described
above and illustrated in the accompanying drawings, and
that various modifications and changes can be made without
departing from the scope thereof. It is intended that the
scope of the present disclosure only be limited by the
appended claims.

What is claimed is:

1. A method for packaging an OLED substrate, compris-
ing:

forming a functional layer having a slit on a substrate

where a pixel defining layer and an OLED device are
formed, the slit corresponding to a pattern location of
the pixel defining layer;

etching the pixel defining layer to obtain the pixel defin-

ing layer having a groove; and

forming a packaging thin film on the pixel defining layer

having the groove and the functional layer to obtain a
thin-film packaging layer sinking into the groove.

2. The method according to claim 1, wherein the step of
etching the pixel defining layer to obtain the pixel defining
layer having a groove comprises:

etching the pixel defining layer by using the functional

layer as a mask.

3. The packaging method according to claim 1, wherein a
maximum width of the slit is smaller than a maximum width
of the pixel defining layer but is greater than a maximum
width of the groove.

4. The packaging method according to claim 1, wherein
the step of forming a functional layer having a slit on a
substrate where a pixel defining layer and an OLED device
are formed comprises:

forming a plurality of array-arranged subpixels on a

substrate, each of the subpixels comprising a thin film
transistor and a pixel electrode electrically connected to
the thin film transistor;

forming the pixel defining layer between adjacent sub-

pixels on the pixel electrode;

sequentially forming an organic light emitting layer and a

common electrode in a region defined by the pixel
defining layer;

forming a photosensitive resin layer on the common

electrode to serve as a planar layer; and

patterning the planar layer to obtain the functional layer

having the slit;

wherein the pixel electrode, the common electrode, and

the organic light emitting layer positioned between the
pixel electrode and the common electrode constitute the
OLED device.

5. The packaging method according to claim 4, wherein
the step of patterning the planar layer to obtain the functional
layer having the slit comprises:

coating a layer of photoresist on the substrate where the

planar layer is formed,

exposing and developing the substrate where the photo-

resist is formed by using a mask to obtain a photoresist-
removed portion and a photoresist-reserved portion,
wherein the photoresist-removed portion corresponds
to a location of a to-be-formed slit;

etching the planar layer exposed from the photoresist-

removed portion to form the slit in the planar layer; and
peeling the remaining photoresist off.
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6. The packaging method according to claim 1, wherein
the step of forming a functional layer having a slit on a
substrate where a pixel defining layer and an OLED device
are formed comprises:

forming a plurality of array-arranged subpixels on a

substrate, each of the subpixels comprising a thin film
transistor and a pixel electrode electrically connected to
the thin film transistor;

forming the pixel defining layer between adjacent sub-

pixels on the pixel electrode;

sequentially forming an organic light emitting layer and a

common electrode in a region defined by the pixel
defining layer; and

forming the functional layer having the slit on the com-

mon electrode;

wherein the pixel electrode, the common electrode, and

the organic light emitting layer positioned between the
pixel electrode and the common electrode constitute the
OLED device.

7. The packaging method according to claim 2, wherein
the step of etching the pixel defining layer by using the
functional layer as a mask comprises:

in the case where the OLED substrate is a flexible

substrate, determining an etching depth of the pixel
defining layer based on a bend radius of the flexible
substrate; and

etching the pixel defining layer by using the functional

layer as a mask based on the determined etching depth.

8. The packaging method according to claim 1, further
comprising:

forming a cover plate or a protective layer on the thin-film

packaging layer by means of an adhesion layer.

9. The packaging method according to claim 1, wherein
the thin-film packaging layer is formed by atomic layer
deposition.

10. The packaging method according to claim 4, wherein
a portion of connection points are reserved in a horizontal
direction and a longitudinal direction to implement the
electrical connection of the common electrode.

11. The packaging method according to claim 4, wherein
a portion of connection points are reserved in the horizontal
direction or the longitudinal direction to implement the
electrical connection of the common electrode in a single
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direction, and in another direction, parallel electrical con-
nection is implemented in a peripheral non-display region.

12. An OLED substrate, comprising:

a substrate;

a pixel defining layer and an OLED device positioned on
the substrate, a side of the pixel defining layer diverg-
ing from the substrate being provided with a groove;

a functional layer positioned on the pixel defining layer
and the OLED device, the functional layer being pro-
vided with a slit at a groove location corresponding to
the pixel defining layer; and

a thin-film packaging layer positioned on the functional
layer and the pixel defining layer. the thin-film pack-
aging layer sinking into the groove of the pixel defining
layer.

13. The OLED substrate according to claim 12, wherein

a maximum width of the slit is smaller than a maximum
width of the pixel defining layer but is greater than a
maximum width of the groove.

14. The OLED substrate according to claim 12, further

comprising:

a cover plate or a protective layer positioned on the
thin-film packaging layer.

15. The OLED substrate according to claim 12, wherein

the OLED device comprises:

an array-arranged pixel electrode positioned on the sub-
strate, an organic light emitting layer positioned on the
pixel electrode, and a common electrode positioned on
the organic light emitting layer.

16. The OLED substrate according to claim 15, wherein

a portion of connection points are reserved in a horizontal
direction and a longitudinal direction to implement the
electrical connection of the common electrode.

17. The OLED substrate according to claim 15, wherein

a portion of connection points are reserved in the horizontal
direction or the longitudinal direction to implement the
electrical connection of the common electrode in a single
direction, and in another direction, parallel electrical con-
nection is implemented in a peripheral non-display region.
18. A display apparatus, comprising the OLED substrate
according to claim 12.
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