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(7) ABSTRACT

The present disclosure provides a method for manufacturing
an OLED display substrate, including a step of forming a
pattern of a pixel definition layer on a substrate through a
patterning process. A bottom wall of the pixel definition
layer is formed on the substrate, a top wall of the pixel
definition layer is arranged parallel to the bottom wall, and
a side wall of the pixel definition layer is angled relative to
the top wall at an acute angle.
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY SUBSTRATE AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims a priority of the
Chinese patent application No. 201710882740.6 filed on
Sep. 26, 2017, which is incorporated herein by reference in
its entirety.

BACKGROUND

[0002] The present disclosure relates generally to the field
of display technology, and more particularly to a method for
manufacturing an organic light-emitting diode (OLED) dis-
play substrate and an OLED display substrate.

[0003] Due to such advantages as self-luminescence, rapid
response, wide viewing angle, and the capability of being
formed on a flexible substrate, OLEDs have been widely
used in high-performance displays.

[0004] In the related art, an organic light-emitting layer of
an OLED display panel may be formed through an ink-jet
printing process. During the formation of the organic light-
emitting layer, a light-emitting material climbs upward
along a side wall of a pixel definition layer, so the resultant
organic light-emitting layer is of a structure thick at a
periphery and thin in the middle. Uneven brightness can
consequently occur in a pixel region, adversely affecting the
performance of the display. Conventional methods for
manufacturing OLED display panels tend to be complex, are
less effective at suppressing the climbing of the light-
emitting material along the side wall of the pixel definition
layer.

SUMMARY

[0005] In one aspect, the present disclosure provides in
some embodiments a method for manufacturing an OLED
display substrate, including a step of forming a pattern of a
pixel definition layer on a substrate through a patterning
process. The pixel definition layer includes a side wall, a top
wall and a bottom wall. The bottom wall is formed on the
substrate, the top wall is arranged parallel to the bottom wall,
and the side wall is angled relative to the top wall at an acute
angle.

[0006] In apossible embodiment of the present disclosure,
the step of forming the pattern of the pixel definition layer
on the substrate through the patterning process includes:
coating an organic thin film including a photosensitive
material onto the substrate; and forming the pattern of the
pixel definition layer through a single patterning process.
[0007] Inapossible embodiment of the present disclosure,
the organic thin film has a thickness of 1 to 4 um.

[0008] In apossible embodiment of the present disclosure,
the step of forming the pattern of the pixel definition layer
through the single patterning process includes: prebaking the
substrate coated with the organic thin film; and exposing and
developing the prebaked substrate through a mask plate to
form the pattern of the pixel definition layer on the substrate.
[0009] In apossible embodiment of the present disclosure,
the substrate is prebaked at a temperature of 100 to 110° C.
for a duration of 130 to 150 seconds. The step of exposing
the substrate through the mask plate includes exposing a
photoresist of the organic thin film on the substrate using
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ultraviolet light at exposure energy of 120 to 200 mj, and the
photosensitive material is reused as the photoresist.

[0010] Ina possible embodiment of the present disclosure,
the substrate is developed for a duration of 40 to 60 seconds.
[0011] In a possible embodiment of the present disclosure,
subsequent to the developing the substrate, the method
further includes post-baking the substrate at a temperature of
100 to 110° C. for a duration of 80 to 100 seconds.

[0012] Ina possible embodiment of the present disclosure,
subsequent to the step of post-baking substrate, the method
further includes curing the substrate.

[0013] Ina possible embodiment of the present disclosure,
the substrate is cured at a temperature of 230° C. for a
duration of 60 minutes.

[0014] Ina possible embodiment of the present disclosure,
the pattern of the pixel definition layer includes a plurality
of pixel definition layers spaced apart from each other.
[0015] Ina possible embodiment of the present disclosure,
subsequent to the step of forming the pattern of the pixel
definition layer on the substrate, the method further includes
forming an organic light-emitting layer at a pixel region
between two adjacent pixel definition layers.

[0016] In another aspect, the present disclosure provides
in some embodiments an OLED display substrate including
a substrate and a pattern of a pixel definition layer arranged
on the substrate. The pixel definition layer includes a side
wall, a top wall and a bottom wall, the bottom wall is formed
on the substrate, the top wall is arranged parallel to the
bottom wall, and the side wall is angled relative to the top
wall at an acute angle.

[0017] Ina possible embodiment of the present disclosure,
the pattern of the pixel definition layer includes a plurality
of pixel definition layers spaced apart from each other.
[0018] Ina possible embodiment of the present disclosure,
the OLED display substrate further includes an organic
light-emitting layer arranged at a pixel region between two
adjacent pixel definition layers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a schematic view showing an OLED
display substrate in the related art.

[0020] FIGS. 2a and 25 are schematic views showing the
manufacture of the OLED display substrate in the related art.
[0021] FIG. 3 is a flow chart of a method for manufac-
turing an OLED display substrate according to some
embodiments of the present disclosure.

[0022] FIGS. 4a to 4c¢ are schematic views showing the
formation of the pixel definition layer according to some
embodiments of the present disclosure.

[0023] FIG. 5 is a schematic view showing the OLED
display substrate according to some embodiments of the
present disclosure.

DETAILED DESCRIPTION

[0024] In order to make the objects, the technical solu-
tions, and the advantages of the present disclosure more
apparent, the present disclosure will be described hereinafter
in a clear and complete manner in conjunction with the
drawings and embodiments. The following embodiments
merely relate to a part of, rather than all of, the embodiments
of the present disclosure, and based on these embodiments,
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a person skilled in the art may, without creative effort, obtain
additional embodiments which also fall within the scope of
the present disclosure.

[0025] In the related art, an organic light-emitting layer of
an OLED display panel may be formed through an ink-jet
printing process. As shown in FIG. 1, a light-emitting
material is accurately sprayed toward a specified pixel
region on a substrate 1 including a pixel definition layer 2,
so as to form the organic light-emitting layer 3. However,
during a curing procedure of the organic light-emitting
material, the light-emitting material may climb upward
along two side walls of the pixel definition layer 2, so the
resultant organic light-emitting layer 3 may be of a structure
thick at a periphery and thin in the middle. At this time,
uneven brightness may occur to the pixel region, and thus a
display effect may be adversely affected.

[0026] A method for manufacturing an OLED panel has
been proposed so as to solve the above-mentioned problem.
As shown in FIGS. 2a and 25, spacers 4 are formed on the
substrate 1 and spaced apart from each other, and a side wall
of each spacer 4 is angled relative to a bottom wall of the
spacer 4 at an acute angle o.. A material for forming the pixel
definition layer 2 may be coated onto the substrate 1 with the
spacers 4, then the spacers 4 are removed, and then the
organic light-emitting layer 3 is formed in a pixel region 5.
During the curing procedure of the light-emitting material
for forming the organic light-emitting layer 3, it is impos-
sible for the light-emitting material to climb upward along
an inclined side wall of the pixel definition layer 2.

[0027] However, there exist the following disadvantages
for the above-mentioned method. Additional processes for
forming and removing the spacers 4 need to be provided, so
the manufacture cost may increase. The acute angle a
between the side wall of the pixel definition layer 2 and the
substrate 1 in the pixel region 5 is smaller than 90°, so it is
very difficult to fully remove the spacers 4, i.e., a part of each
spacer 4 may remain on the substrate 1, thereby the evenness
of the organic light-emitting layer 3 may be adversely
affected. An object of the present disclosure is to provide a
method for manufacturing an OLED display substrate to
simplify the manufacture process, reduce the manufacture
cost and improve the evenness of an OLED light-emitting
material.

[0028] The present disclosure provides in some embodi-
ments a method for manufacturing an OLED display sub-
strate which, as shown in FIGS. 3, 4a-4¢ and 5, includes step
11 of forming a pattern of a pixel definition layer 2 on a
substrate 1 through a patterning process.

[0029] As shown in FIG. 5, the pixel definition layer 2
includes a side wall 21, a top wall 22 and a bottom wall 23.
The bottom wall 23 is formed on the substrate 1, the top wall
22 is arranged parallel to the bottom wall 23, and the side
wall 21 is angled relative to the top wall 22 at an acute angle
B, i.e., the pixel definition layer 2 is of an inverted trapezoi-
dal structure.

[0030] In apossible embodiment of the present disclosure,
the pattern of the pixel definition layer 2 includes a plurality
of pixel definition layers 2 spaced apart from each other. The
pixel definition layers 2 may be spaced apart from each other
at a same interval or different intervals.

[0031] In apossible embodiment of the present disclosure,
prior to the step of forming the pattern of the pixel definition
layer 2 on the substrate 1, the method further includes step
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10 of forming a pattern of a gate electrode and a pattern of
an OLED anode on the substrate 1.

[0032] According to the method in the embodiments of the
present disclosure, the pattern of the pixel definition layer 2
is formed on the substrate 1 through the patterning process
in such a manner that the bottom wall 23 of the pixel
definition layer 2 is formed on the substrate 1, and the side
wall 21 1s angled relative to the top wall 22 at the acute angle
P. In this way, it is able to directly form the pixel definition
layer 2 of an inverted trapezoidal structure on the substrate
1 through the patterning process without any spacers,
thereby simplifying the manufacture process of the OLED
display substrate and reduce the manufacture cost. In addi-
tion, as compared with the related art where a part of each
spacer easily remains on the pixel definition layer of a
trapezoidal structure, it is able to improve the evenness of an
organic light-emitting layer due to the pixel definition layer
of the inverted trapezoidal structure, thereby improving the
light-emitting property of the OLED display substrate.
[0033] Ina possible embodiment of the present disclosure,
subsequent to step 11, the method further includes step 12 of
forming the organic light-emitting layer 3 in a pixel region
5. More specifically, as shown in FIG. 5, the pixel region 5
is arranged between adjacent pixel definition layers 2. A
light-emitting material may be accurately sprayed to the
pixel region 5 through an ink-jet printing process to form the
organic light-emitting layer 3.

[0034] The formation of the pixel definition layer 2 will be
described hereinafter in more details in conjunction with
FIGS. 4a to 4c. To be specific, step 11 includes the following
steps 111 and 112.

[0035] Step 111: coating an organic thin film 24 onto the
substrate 1. To be specific, the organic thin film 24 may be
coated through a spinning process. As shown in FIG. 4a, the
organic thin film 24 has a thickness of 1 to 4 ym. In a
possible embodiment of the present disclosure, the organic
thin film 24 has a thickness of 2 pm.

[0036] The organic thin film 24 may be made of a resin
material, so that two adjacent subpixels on an OLED display
panel are spaced apart from each other by the pixel definition
layer 2. In a possible embodiment of the present disclosure,
the organic thin film 24 may be made of epoxy resin. It
should be noted that, the organic thin film 24 includes a
photosensitive material, so it is unnecessary to coat a pho-
toresist onto the substrate in a subsequent patterning pro-
cess, that is, the photosensitive material is reused as the
photoresist. In the embodiments of the present disclosure,
the description is given in the case that the photosensitive
material in the organic thin film 24 is a negative photosen-
sitive material.

[0037] Step 112: forming the pattern of the pixel definition
layer through a single patterning process.

[0038] To be specific, step 112 may include the following
steps 1121 to 1123.

[0039] Step 1121: prebaking the substrate coated with the
organic thin film 24. To be specific. the substrate may be
prebaked at a temperature of 100 to 110° C., preferable 100°
C., for a duration of 130 to 150 seconds, preferably 150
seconds. Through a prebaking process, it is able to volatilize
a solvent in the organic thin film 24, thereby to increase
surface viscosity of the organic thin film 24.

[0040] Step 1122: exposing and developing the prebaked
substrate through a mask plate to form the pattern of the
pixel definition layer on the substrate 1.
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[0041] As shown in FIG. 45, in an exposing step, a surface
of the organic thin film 24 is irradiated with ultraviolet light
8 through the mask plate 7, so as to expose a part of the
organic thin film 24 at exposure energy of 120 to 200 mj.
[0042] As shown in FIG. 4¢, in a developing step, a
developing liquid reacts with an unexposed part of the
organic thin film 24, so as to remove the unexposed part of
the organic thin film 24. In addition, a crosslink reaction
occurs to an exposed part of the organic thin film 24, and
thus it has been reserved. The organic thin film 24 may be
developed for a duration of 40 to 60 seconds, preferably 50
seconds.

[0043] In the embodiments of the present disclosure, the
description is given in the case that the photosensitive
material in the organic thin film 24 is a negative photosen-
sitive material. It should be appreciated that, in the case that
the photosensitive material in the organic thin film 24 is a
positive photosensitive material, a mask plate having a
pattern different from the mask plate 7 may be adopted. At
this time, during the developing procedure, the exposed part
of the organic thin film 24 may be removed, and the
unexposed part of the organic thin film 24 may be reserved.
[0044] Subsequent to the step of developing the organic
thin film, the method may further include post-baking the
substrate 1 at a temperature of 100 to 110° C., preferably
100° C., for 80 to 100 seconds, preferably 90 seconds.
During the developing procedure, the organic thin film 24
may be softened and expanded, so its resistance to corrosion
may be adversely affected. Hence, after the developing
procedure, it is necessary to remove moisture in the organic
thin film 24 through a post-baking process, so as to increase
the adhesion between the organic thin film 24 and the
substrate 1.

[0045] Subsequent to step 1122, i.e., after the post-baking
process, the method may further include step 1123 of curing
the obtained substrate 1. In this step, the substrate 1 may be
baked at a high temperature, e.g., 230° C., for 60 minutes,
s0 as to remove a solvent contained in the organic thin film
24,

[0046] As shown in FIG. 5, the present disclosure further
provides in some embodiments an OLED display substrate
manufactured by using the above-mentioned method. The
OLED display substrate includes a substrate, a pattern of a
pixel definition layer arranged on the substrate, and an
organic light-emitting layer 3 arranged between two adja-
cent pixel definition layers. Each pixel definition layer 2
includes a side wall 21, a top wall 22 and a bottom wall 23.
The bottom wall 23 is formed on the substrate 1, the top wall
22 is arranged parallel to the bottom wall 23, and the side
wall 21 is angled relative to the top wall 22 at an acute angle
B, 1.e., the pixel definition layer 2 is of an inverted trapezoi-
dal structure.

[0047] According to the OLED display substrate in the
embodiments of the present disclosure, the pixel definition
layer 2 of the inverted trapezoidal structure is formed on the
substrate 1 through photoetching, so it is able to effectively
prevent the light-emitting material from climbing upward
along the two side walls 21 of the pixel definition layer 2
during the ink-jet printing process, thereby to improve the
thickness evenness of the organic light-emitting layer 3 as
well as brightness evenness of an OLED display panel.
[0048] The above are merely optional embodiments of the
present disclosure, but the present disclosure is not limited
thereto. Obviously, a person skilled in the art may make
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further modifications and improvements without departing
from the spirit of the present disclosure, and these modifi-
cations and improvements shall also fall within the scope of
the present disclosure.

1. A method for manufacturing an organic light-emitting
diode (OLED) display substrate, the method comprising a
step of forming a pattern of a pixel definition laver on a
substrate through a patterning process, wherein the pixel
definition layer comprises a side wall, a top wall and a
bottom wall, the bottom wall is formed on the substrate, the
top wall is arranged parallel to the bottom wall, and the side
wall is angled relative to the top wall at an acute angle.

2. The method according to claim 1, wherein the step of
forming the pattern of the pixel definition layer on the
substrate through the patterning process comprises:

coating an organic thin film comprising a photosensitive

material onto the substrate; and

forming the pattern of the pixel definition layer through a

single patterning process.

3. The method according to claim 2, wherein the organic
thin film has a thickness of 1 to 4 um.

4. The method according to claim 2, wherein the step of
forming the pattern of the pixel definition layer through the
single patterning process comprises:

prebaking the substrate coated with the organic thin film;

and

exposing and developing the prebaked substrate through

a mask plate to form the pattern of the pixel definition
layer on the substrate.

5. The method according to claim 4, wherein the substrate
is prebaked at a temperature of 100 to 110° C. for a duration
of 130 to 150 seconds, and the step of exposing the substrate
through the mask plate comprises exposing a photoresist of
the organic thin film on the substrate using ultraviolet light
at exposure energy of 120 to 200 mj, the photosensitive
material being reused as the photoresist.

6. The method according to claim 4, wherein the substrate
is developed for a duration of 40 to 60 seconds.

7. The method according to claim 4, wherein subsequent
to the step of developing the substrate, the method further
comprises post-baking the substrate at a temperature of 100
to 110° C. for a duration of 80 to 100 seconds.

8. The method according to claim 7, wherein subsequent
to the step of post-baking the substrate, the method further
comprises curing the substrate.

9. The method according to claim 8, wherein the substrate
is cured at the temperature of 230° C. for the duration of 60
minutes.

10. The method according to claim 1, wherein the pattern
of the pixel definition layer comprises a plurality of pixel
definition layers spaced apart from each other, and each of
the pixel definition layers is of an inverted trapezoidal
structure.

11. The method according to claim 10, wherein subse-
quent to the step of forming the pattern of the pixel definition
layer on the substrate, the method further comprises forming
an organic light-emitting layer at a pixel region between two
adjacent pixel definition layers.

12. The method according to claim 1, wherein prior to the
step of forming the pattern of the pixel definition layer on the
substrate, the method further comprises forming a pattern of
a gate electrode and a pattern of an OLED anode on the
substrate.
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13. An organic light-emitting diode (OLED) display sub-
strate, comprising a substrate and a pattern of a pixel
definition layer arranged on the substrate, wherein the pixel
definition layer comprises a side wall, a top wall and a
bottom wall, the bottom wall is formed on the substrate, the
top wall is arranged parallel to the bottom wall, and the side
wall is angled relative to the top wall at an acute angle.

14. The OLED display substrate according to claim 13,
wherein the pattern of the pixel definition layer comprises a
plurality of pixel definition layers spaced apart from each
other, and each of the pixel definition layers is of an inverted
trapezoidal structure.

15. The OLED display substrate according to claim 14,
further comprising an organic light-emitting layer arranged
at a pixel region between two adjacent pixel definition
layers.
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