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(57) ABSTRACT

The present disclosure provides an organic light-emitting
display panel and a manufacturing method thereof. The
organic light-emitting display panel may include: a first
anode layer including a number of first anodes; a pixel
definition layer defining a number of pixel regions, wherein
one of a first opening and a second opening is defined in each
of the pixel regions, the second opening has a depth smaller
than that of first opening, an inclination angle is formed
between the side wall and the bottom surface, and the
inclination angle is larger than 90° and smaller than 180°; a
second anode layer arranged in second opening; an organic
light-emitting layer arranged in the first opening and the
second opening. Accordingly, the resolution of the organic
light-emitting display panel is improved.

17 Claims, 4 Drawing Sheets

12

/

!
le/
};,

54 4;1

v

o,




US 10,707,284 B2
Page 2

(51) Int.CL
HOIL 51/00
HOIL 51/56

(56)

U.S. PATENT DOCUMENTS

2015/0053948 A1*
2016/0056214 Al*

2016/0276615 Al
2017/0200778 Al*
2019/0103573 Al*
2019/0198816 Al*

* cited by examiner

(2006.01)
(2006.01)

References Cited

2/2015

22016 Pyo oo

9/2016 Kitabayashi
72017 Jeon ..............

4/2019 Hamada

6/2019 Park ... '

Matsushima

HO1L 51/0004
257/40
HO1L 27/3211
257/40

HOIL 27/3213

.. HOIL 51/5012

HOIL 51/5265



U.S. Patent Jul. 7, 2020 Sheet 1 of 4 US 10,707,284 B2

09 —% .:, :

04

FIG. 2 (Related Art)



U.S. Patent Jul. 7, 2020 Sheet 2 of 4 US 10,707,284 B2

tew

2% i
o K r; o,
% % n
. i B
= 5 x x
. e e e e il e, e
e PN .- e
- a i) G s . o G i)
o o o o Cd . W o =
3 = i e 7 e u =
O o) G G . e G
o :
/ X 2
.3}

21

207

<412
- 52




U.S. Patent Jul. 7, 2020 Sheet 3 of 4 US 10,707,284 B2

42

/
2/ 54 42
-/ o 451
R S

=
g

&
e T,
- S

g,
e

il

o

il

i

i

5

e

e S :

s

b

[—

WSS Bt

% n.,';.,% o : M ,g'.?': 3 .,}u
o




U.S. Patent Jul. 7, 2020 Sheet 4 of 4 US 10,707,284 B2

511~

(F%
[r—
N
N\

FIG 7

Si(}\ forming a first anode layer, wherein the first anode layer
includes a plurality of first anodes

¥
forming a pixel definttion layer on the first anode layer, and
defining a plurality of pixel regions on the pixel definition laver;
wherein a first opening or a second opening s defimed in each
. of the pixel regions, an inclination angle is formed between a
52@\ side wall and a bottom swface in the first opening and an
inclination angle is formed between a side wall and a bottom
surface in the second opening, the inclination angles are larger
than 90° and smaller than 180°, the first opening is formed in
the pixel region corresponding to the first anode and exposes
the first anode, and the second opening has a depth smaller than
that of first opening

$30 _— Y .
forming a second anode in the second opening

¥
84(’3'\ forming an organic light-emitting layer n the first opening and
the second opening, wherein a light-emitting area proportion in
the first opening 1s smaller than a light-emitting area proportion
in the second opening

FIG 8
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ORGANIC LIGHT-EMITTING DISPLAY
PANEL AND MANUFACTURING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation-application of
International (PCT) Patent Application No. PCT/CN2018/
087841 filed May 22, 2018, which claims foreign priority of
Chinese Patent Application No. 201810355798.X, filed on
Apr. 19, 2018 in the State Intellectual Property Office of
China, the entire contents of which are hereby incorporated
by reference.

TECHNICAL FIELD

The present disclosure relates to the field of display
technologies, and in particular, to an organic light-emitting
display panel and a manufacturing method thereof.

BACKGROUND

Among display devices, organic light-emitting display
devices have become one of the most competitive technolo-
gies in a new generation of display devices because of their
wide color gamut, high contrast, energy saving, foldability,
etc. With continuous development of information society,
people are increasingly demanding resolution and display
accuracy of the display devices. In particular, a head-
mounted displayer including an organic light-emitting dis-
play device has a relatively short distance from user’s eye to
its focus. Therefore, if the resolution of the organic light-
emitting display device is low, a distance between two
adjacent display regions will be too large, which makes user
eyes easily see non-display regions as panes and hereby
affects the effect of use. Therefore, how to improve the
resolution of the display device becomes a technical prob-
lem that needs to be solved.

SUMMARY

An organic light-emitting display panel and a manufac-
turing method thereof are provided in the present disclosure,
in order to solve the technical problem that the resolution of
a conventional organic light-emitting display panel is low.

In order to solve the technical problem above, a technical
solution adopted in the present disclosure is to provide an
organic light-emitting display panel. The organic light-
emitting display panel includes a first anode layer, a pixel
definition layer, a second anode layer and an organic light-
emitting layer. The first anode layer includes a plurality of
patterned first anodes. The pixel definition layer is arranged
on the first anode layer, and defines a plurality of pixel
regions. One of a first opening and a second opening is
defined in each of the pixel regions, each of the pixel regions
comprises a side wall and a bottom wall in each first opening
and each second opening, an inclination angle is formed
between the side wall and the bottom surface the inclination
angle is larger than 90° and smaller than 180°, the first
opening is configured to correspond to the first anode and
expose the first anode, and the second opening has a depth
smaller than that of first opening. The second anode layer
includes a plurality of patterned second anodes, wherein the
second anode is arranged in the second opening. The organic
light-emitting layer is arranged in the first opening and the
second opening. A light-emitting area proportion in the first
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opening is smaller than a light-emitting area proportion in
the second opening, wherein the light-emitting area propot-
tion is a percentage of a light-emitting area of a pixel region
to an area of the pixel region, and the light-emitting area is
a contact area between the organic light-emitting layer and
the first anode or the second anode in each of the pixel
regions.

In order to solve the technical problem above, another
technical solution adopted in the present disclosure is to
provide an organic light-emitting display panel. The organic
light-emitting display panel includes: a first anode layer,
including a plurality of patterned first anodes; a pixel
definition layer, arranged on the first anode layer, wherein
the pixel definition layer defines at least a first pixel region
and a second pixel region adjacent to the first pixel region,
a first opening is defined in the first pixel region, a second
opening is defined in the second pixel region, an obtuse
angle is formed between a side wall and a bottom surface in
the first opening and an obtuse angle is formed between a
side wall and a bottom surface in the second opening, the
second opening has a depth smaller than that of first opening
such that the bottom surface in the second opening is higher
than the bottom surface of the first opening; a second anode
layer, including a plurality of patterned second anodes,
wherein the second anode is arranged in the second opening;
an organic light-emitting layer, arranged in the first opening
and the second opening, wherein the organic light-emitting
layer in the first opening contacts the first anode, and the
organic light-emitting layer in the second opening is dis-
posed on the second anode and contacts the second anode.

In order to solve the technical problem above, a further
technical solution adopted in the present disclosure is to
provide a manufacturing method of an organic light-emitting
display panel. The manufacturing method includes: forming
a first anode layer, wherein the first anode layer includes a
plurality of first anodes; forming a pixel definition layer on
the first anode layer, and defining a plurality of pixel regions
on the pixel definition layer, wherein one of a first opening
and a second opening is defined in each of the pixel regions,
each of the pixel regions includes a side wall and a bottom
surface in each first opening and each second opening, an
inclination angle is formed between the side wall and the
bottom, the inclination angle is larger than 90° and smaller
than 180°, the first opening is configured to correspond to
the first anode and expose the first anode, and the second
opening has a depth smaller than that of first opening;
forming a second anode in the second opening; forming an
organic light-emitting layer in the first opening and the
second opening, wherein a light-emitting area proportion in
the first opening is smaller than a light-emitting area pro-
portion in the second opening, the light-emitting area pro-
portion is a percentage of a light-emitting area of a pixel
region to an area of the pixel region, and the light-emitting
area is a contact area between the organic light-emitting
layer and the first anode or the second anode in each of the
pixel regions.

Embodiments of the present disclosure may have the
following advantages: by forming the first opening and the
second opening with different depths (i.e., the depth of the
second opening is smaller than that of the first opening) in
the pixel regions of the pixel definition layer and forming the
inclination angle between the side wall and the bottom
surface in the first opening and the inclination angle between
the side wall and the bottom surface in the second opening
(wherein the inclination angles are larger than 90° and
smaller than 180°), the light-emitting area proportion in the
second opening is larger than the light-emitting area pro-
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portion in the first opening; wherein the light-emitting area
proportion is the percentage of the light-emitting area of the
pixel region to the area of the pixel region, and the light-
emitting area is the contact area between the organic light-
emitting layer and the first anode or the second anode in each
of the pixel regions. Therefore, by increasing light-emitting
area proportion in the pixel region of the second opening, the
light-emitting area of the entire display panel is increased.
Accordingly, the resolution of the organic light-emitting
display panel is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to make the technical solution of embodiments of
the present disclosure more clearly, drawings used for the
description of the embodiments will be briefly described.
Apparently, the drawings described above are only some
exemplary embodiments of the present disclosure. One
skilled in the art may acquire other drawings based on these
drawings without any inventive work. In the drawings:

FIG. 1 is a schematic sectional view of an organic
light-emitting display panel of related art.

FIG. 2 is a schematic enlarged view of a single pixel
region shown in FIG. 1.

FIG. 3 is a schematic sectional view of an organic
light-emitting display panel according to a first embodiment
of the present disclosure.

FIG. 4 is a schematic view of two pixel regions according
to the first embodiment of the present disclosure, for com-
paring with the single pixel region of the conventional
organic light-emitting display panel.

FIG. 5 is a schematic sectional view of an organic
light-emitting display panel according to a second embodi-
ment of the present disclosure.

FIG. 6 is a schematic view of two pixel regions according
to the second embodiment of the present disclosure, for
comparing with the single pixel region of the conventional
organic light-emitting display panel.

FIG. 7 is a schematic view of an overall structure of an
organic light-emitting display panel according to an embodi-
ment of the present disclosure.

FIG. 8 is a schematic flowchart of a manufacturing
method of an organic light-emitting display panel according
to an embodiment of the present disclosure.

DETAILED DESCRIPTION

The technical solutions of embodiments of the present
disclosure will be described more clearly and completely
with reference to the accompanying drawings. Apparently,
the embodiments described here only are some exemplary
embodiments, not all the embodiments. Based on the
embodiments described in the present disclosure, one skilled
in the art may acquire all other embodiments without any
creative work. All these shall be covered within the protec-
tion scope of the present disclosure.

The terms “first” and “second” in the present disclosure
are used herein for purposes of description and are not
intended to indicate or imply relative importance or to imply
the number of indicated technical features. Thus, the feature
defined with “first” and “second” may explicitly or implic-
itly include at least one such feature. In the description of the
present disclosure, the term “a plurality of” means at least
two, such as two, three, etc., unless specified otherwise. All
directional indications (such as up, down, left, right, front,
rear, etc.) in the embodiments of the present disclosure are
only used to explain the relative positional relationship
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among the components in a specific posture (as shown in the
drawings), sports situations, etc. If the specific posture
changes, the directional indication changes accordingly.
Further, the terms “include” and “have” and any variants
thereof are intended to cover non-exclusive inclusions. For
example, a process, method, system, product, or apparatus
that includes a series of steps or components is not limited
to the listed steps or components, but may optionally include
steps or components that are not listed, or alternatively
include other steps or components inherent to the process,
method, product, or apparatus.

References herein to “embodiment” mean that a particular
feature, structure, or characteristic described in connection
with an embodiment may be included in at least one embodi-
ment of the present disclosure. The appearances of such
phrases in various places of the specification are not neces-
sarily referring to the same embodiment, nor mean separate
or alternative embodiments mutually exclusive of other
embodiments. It will be understood by those skilled in the
art, both explicitly and implicitly, that an embodiment
described herein may be combined with other embodiments.

Referring to FIG. 1, a schematic sectional view of an
organic light-emitting display panel A of the related art is
shown.

The organic light-emitting display panel A may include: a
metal layer 02, a planarization layer 03, an anode layer 04,
a pixel definition layer 05, an organic light-emitting layer 06,
a cathode layer 07 and an encapsulation layer 08, which may
be sequentially formed on the a substrate 01.

A plurality of through holes 031 may be defined in the
planarization layer 03. The anode layer 04 arranged on the
planarization layer 03 may connect with the metal layer 02
via the through hole 031.

At positions on the pixel definition layer 05 corresponding
to the anode layer 04, a plurality of openings 051 extending
to the anode layer 04 may be formed by etching. Because the
pixel definition layer 05 may be etched by etching liquid
from the outside to the inside, an inclination angle may be
formed between a side wall and a bottom surface in the
opening 051 of the pixel definition layer 05. The bottom
surface may overlap with the top surface of the anode layer
04. Thus, an inverted trapezoidal section may be formed.
The organic light-emitting layer 06 may be arranged in the
regions of the openings 051 of the pixel definition layer 05.

Referring to FIG. 2, a schematic enlarged view of a single
pixel region in FIG. 1 is shown.

In the single pixel region, because the inclination angle 0
may be formed between the side wall and the bottom surface
in the opening 051 of the pixel definition layer 05, a
light-emitting region 09 may be only a region corresponding
to an area where the organic light-emitting layer 06 contacts
the anode layer 04. The rest of the organic light-emitting
layer 06 may be a non-luminous region 010.

Referring to FIGS. 3 and 4, FIG. 3 is a schematic sectional
view of an organic light-emitting display panel according to
a first embodiment of the present disclosure; and, FIG. 4 is
a schematic view of two pixel regions according to the first
embodiment of the present disclosure, for comparing with
the single pixel region of the organic light-emitting display
panel of related art.

In this embodiment, the organic light-emitting display
panel B may include: a substrate 10, a metal layer 20, a
planarization layer 30, a first anode layer 41, a pixel defi-
nition layer 50, a second anode layer 42, an organic light-
emitting layer 60, a cathode layer 70, and an encapsulation
layer 80.
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The substrate 10 may include a base substrate, a polysili-
con layer, an inorganic insulating layer, and a gate layer. The
base substrate may be a transparent material. Specifically,
the base substrate may include, but not limit to, a glass, a
ceramic substrate, or a transparent plastic, etc.

The metal layer 20 may be arranged on the substrate 10
and may be composed of a plurality of metal wires 21. A
manufacturing method of the metal layer 20 may include:
providing a complete metal layer on the substrate 10;
exposing, developing and etching the complete metal layer
via a mask with a specific electrode pattern to form a
plurality of patterned metal wires 21. The manufacturing
method of the metal layer 20 may belong to well-known
technology for those skilled in the art, and may refer to the
preparation method in the prior art, which is not specifically
limited in the present disclosure.

The planarization layer 30 may be arranged on the metal
layer 20, and a plurality of first through holes 31 may be
defined in the planarization layer 30.

The first anode layer 41 may be arranged on the planariza-
tion layer 30, and may include a plurality of patterned first
anodes 411. The first anode 411 may connect with the metal
wire 21 via the first through hole 31.

The pixel definition layer 50 may be arranged on the first
anode layer 41, and a plurality of pixel regions 51 may be
defined on the pixel definition layer 50. A first opening 52 or
a second opening 54 may be defined in each of the pixel
regions 51. An inclination angle 6 may be formed between
a side wall and a bottom surface in the first opening 52, and
an inclination angle 6 may be formed between a side wall
and a bottom surface in the second opening 54. The bottom
surface in the first opening 52 may overlap with the top
surface of the first anode 411. The first opening 52 may be
defined in the pixel region 51 corresponding to the first
anode 411, and expose part of the first anode 411. The
second opening 54 may be defined in the pixel region 51
where the first opening 52 is not provided, and the depth of
the second opening 54 may be smaller than the depth of the
first opening 52. A second through hole 32 may be defined
at the bottom in the second opening 54 and extend to the
metal layer 20.

The first opening 52 and the second opening 54 may be
formed by applying an etching liquid on the pixel definition
layer 50. Since the pixel definition layer 50 may be gradually
etched by the etching liquid inward from the outermost
layer, the diameters of the first opening 52 and the second
opening 54 may be decreased in the depth direction. There-
fore, the inclination angles 6 may be formed between the
side walls and bottom surfaces in the first opening 52 and the
second opening 54, wherein the inclination angles may be
larger than 90° and smaller than 180°.

The second anode layer 42 may include a plurality of
patterned second anodes 421. The second anode 421 may be
arranged in the second opening 54, and connect with the
metal wire 21 via the second through hole 32.

The organic light-emitting layer 60 may be arranged in the
first opening 52 and the second opening 54. A light-emitting
area proportion of the organic light-emitting layer 60 in the
first opening 52 may be smaller than a light-emitting area
proportion of the organic light-emitting layer 60 in the
second opening 54, wherein the light-emitting area propor-
tion may be a percentage of a light-emitting area of a pixel
region 51 to an area of the pixel region 51, and the
light-emitting area may be a contact area between the
organic light-emitting layer 60 and the first anode 411 or the
second anode 421 in each of the pixel regions 51.
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The cathode layer 70 may be completely covered on the
organic light-emitting layer 60 and the pixel definition layer
50. The encapsulation layer 80 may be arranged on the
cathode layer 70, for packaging and finally forming the
organic light-emitting display panel B.

In this embodiment, the thickness of the organic light-
emitting layer 60 in the first opening 52 and the thickness of
the organic light-emitting layer 60 in the second opening 54
may be different. However, it should be ensured that the
depths of the first opening 52 and the second opening 54 are
larger than the minimum thickness of the organic light-
emitting layer 60 required for normal light-emission. Thus,
after the depth of the second opening 54 is reduced, the
organic light-emitting layer 60 in the second opening 54 may
emit light normally and hereby achieve the normal function
of the organic light-emitting layer 60.

Further, in this embodiment, the first opening 52 and the
second opening 54 may be alternately disposed within at
least part of the pixel regions 51. Specifically, when the first
anode layer 41 is disposed on the planarization layer 30, the
first anodes 411 may be disposed within at least part of the
pixel regions 51 at interval of one metal line 21. The first
openings 52 may be formed in the pixel regions 51 corre-
sponding to the first anodes 411, so the pixel regions 51
provided with the first openings 52 may be the same as the
pixel regions 51 provided with the first anodes 411. This may
cause the first openings 52 to be disposed in at least part of
the pixel regions 51 at interval of one pixel area 51. The
second openings 54 may be disposed in the pixel regions 51
where the first openings 52 are not provided, causing the first
openings 52 and the second openings 54 to be alternately
arranged in at least part of the pixel regions 51.

Referring to FIG. 2, assuming that a single pixel region is
a square with a side length of D, the inclination angle
between the side wall and the bottom surface in the opening
051 is 6, and the depth of the opening 051 is L, it may be
calculated that the area of the single pixel region is:

s=07 M.

The organic light-emitting layer 06 contacts with the
anode layer 04, so the light-emitting area S1 is:

S1=[D-2L tan(6-90°)2 Q.

A light-emitting area proportion of the organic light-
emitting layer 06 is:

[D = 2Lian(@ - 90°))* @)

=S1/5=
y =51/ D

From this, it may be seen that the light-emitting area
proportion of the organic light-emitting layer 06 relates to
the area of the single pixel region, the depth of the opening
051, and the inclination angle 6.

Referring to FIGS. 3 and 4, in this embodiment, the area
of the first pixel region 511 where the first opening 52 is
disposed may be equal to the area of the second pixel region
512 where the second opening 54 is disposed, and the
inclination angle between the side wall and the bottom
surface in the first opening 52 may be equal to the inclination
angle between the side wall and the bottom surface in the
second opening 54, i.e., D;=D,, and 0,=0,. The depth of the
second opening 54 may be smaller than the depth of the first
opening 52, i.e., L;>L,. According to the equation (2), it
may be seen that the light-emitting area 412 in the first pixel
region 511 may be smaller than the light-emitting area 422
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in the second pixel region 512. According to the equation
(3), it may be obtained that the light-emitting area proportion
of the organic light-emitting layer 60 in the first opening 52
may be smaller than the light-emitting area proportion of the
organic light-emitting layer 60 in the second opening 54, i.c.,
Y1=Ya-

From this, it may be seen that in the pixel regions 51
having the same areas, since the depth of the second opening
54 is smaller than the depth of the first opening 52, the
light-emitting area 422 of the organic light-emitting layer 60
provided in the second opening 54 may be larger than the
light-emitting area 412 of the organic light-emitting layer 60
provided in the first opening 52. Thus, the non-luminous
area between the first pixel region 511 provided in the first
opening 52 and the adjacent second pixel region 512 pro-
vided in the second opening 54 may be reduced, and the
resolution may be increased.

In another embodiment, the area of the first pixel region
511 where the first opening 52 is disposed may be equal to
the area of the second pixel region 512 where the second
opening 54 is disposed, the depth of the second opening 54
may be smaller than the depth of the first opening 52, and the
inclination angle between the side wall and the bottom
surface in the second opening 54 may be smaller than the
inclination angle between the side wall and the bottom
surface in the first opening 52. That is to say, L,>L,, and
0,>0,. Then, it may be seen that y,<y, according the fol-
lowing equation:

[D - 2Ltan(8 — 90°)?

=S51/5=
y =51/ I3

Therefore, it may be seen that, when the area of the first
pixel region 511 where the first opening 52 is disposed and
the area of the second pixel region 512 where the second
opening 54 is disposed are equal, and the depth of the second
opening 54 is smaller than the depth of the first opening 52,
the smaller the inclination angle 6 between the side wall and
the bottom surface, the higher the light-emitting area pro-
portion of the organic light-emitting layer 60, and the higher
the resolution of the organic light-emitting display panel B.

Referring to FIGS. 5 and 6, F1G. 5 is a schematic sectional
view of an organic light-emitting display panel according to
a second embodiment of the present disclosure; and, FIG. 6
is a schematic view of two pixel regions according to the
second embodiment of the present disclosure, for comparing
with the single pixel region of the conventional organic
light-emitting display panel.

In this embodiment, a contact area between the organic
light-emitting layer 60 in the first opening 52 and the first
anode 411 may be equal to a contact area between the
organic light-emitting layer 60 in the second opening 54 and
the second anode 421.

Specifically, because the contact area between the organic
light-emitting layer 60 and the first anode 411 and the
contact area between the organic light-emitting layer 60 and
the second anode 421 may be equal, the light-emitting areas
may be equal.

As noted above, the light-emitting area proportion of the
organic light-emitting layer may be defined according to the
below equation:

[D = 2Ltan(8 - 90°)]*

=S51/5=
y =51/ g
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Based on this equation, when the inclination angle 6
between the side wall and the bottom surface in the first
opening 52 is equal to the inclination angle 6 between the
side wall and the bottom surface in the second opening 54,
and the depth of the first opening 52 is larger than the depth
of the second opening 54, the area of the second pixel region
512 must be reduced in order to ensure that the light-
emitting area proportion of the organic light-emitting layer
60 in the second opening 54 is higher than the light-emitting
area proportion of the organic light-emitting layer 60 in the
first opening 52.

Therefore, in this embodiment, it may be seen that when
the depth of the second opening 54 is smaller than the depth
of the first opening 52 and the light-emitting areas of the
pixel regions 51 are equal, a spacing between adjacent pixel
areas 51 may be reduced by disposing the second pixel
region 512 having an area smaller than that of the first pixel
region 511. Accordingly, a distance between adjacent pixel
points may be shortened, and resolution of the organic
light-emitting display panel B may be improved.

The above mentioned embodiments may have the follow-
ing advantages: by forming the first opening 52 and the
second opening 54 with different depths (i.e., the depth of
the second opening 54 may be smaller than that of the first
opening 52) in the pixel regions 51 of the pixel definition
layer 50 and forming the inclination angle between the side
wall and the bottom surface in the first opening 52 and the
inclination angle between the side wall and the bottom
surface in the second opening 54 (wherein the inclination
angles are larger than 90° and smaller than 180°), the
light-emitting area proportion in the second opening 54 may
be larger than the light-emitting area proportion in the first
opening 52. The light-emitting area proportion may be the
percentage of the contact area between the organic light-
emitting layer 60 in each pixel region 51 and the first anode
411 (or the second anode 421) to the area of the pixel region
51. Therefore, by increasing light-emitting area proportion
in the pixel region 51 of the second opening 54, the
light-emitting area of the entire display panel B may be
increased. Accordingly, the resolution of the organic light-
emitting display panel B may be improved.

Referring to FIG. 7, a schematic view of an overall
structure of an organic light-emitting display panel accord-
ing to an embodiment of the present disclosure is shown.

In this embodiment, the pixel regions may be arranged,
but not limited to, in an array structure as shown in FIG. 7
or in a diamond structure.

The present disclosure also provides a manufacturing
method of the organic light-emitting display panel B. Refer-
ring to FIG. 8, FIG. 8 is a schematic flowchart of a
manufacturing method of the organic light-emitting display
panel according to an embodiment of the present disclosure.
The manufacturing method may be described below refer-
ring to FIGS. 2-7.

At block S10: the first anode layer 41 may be formed, and
the first anode layer 41 may include a plurality of first
anodes 411.

The material of the first anode layer 41 may be a pure
metal such as copper, silver, aluminum, etc., or an alloy
made of copper and one or more of iron, silver, zinc, nickel,
aluminum, magnesium, etc.

The first anode layer 41 including the plurality of first
anodes 411 may be formed by exposing, developing and
etching a complete anode layer via a mask with a specific
electrode pattern.

At block S20: the pixel definition layer 50 may be formed
on the first anode layer 41, and the plurality of pixel regions
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51 may be defined on the pixel definition layer 50. The first
opening 52 or the second opening 54 may be formed in each
of the pixel regions 51. The inclination angle larger than 90°
and smaller than 180° may be formed between the side wall
and the bottom surface in the first opening 52, and the
inclination angle larger than 90° and smaller than 180° may
be formed between the side wall and the bottom surface in
the second opening 54. The first opening 52 may be formed
in the pixel region 51 corresponding to the first anode 411,
and expose part of the first anode 411. The depth of the
second opening 54 may be smaller than the depth of the first
opening 52.

A method for forming the first opening 52 or the second
opening 54 in the pixel region 51 of the pixel definition layer
50 may include: forming the first opening 52 in the pixel
region 51 corresponding to the first anode 411 by etching,
wherein the first opening 52 may extend to the first anode
411 and expose the first anode 411; forming the second
opening 54 between the pixel regions 51 of at least some
adjacent first openings 52 by etching, wherein the depth of
the second opening 54 may be smaller than the depth of the
first opening 52.

Further, the second opening 54 having a smaller depth
than the first opening 52 may be obtained by controlling the
etching time of the first opening 52 to be greater than the
etching time of the second opening 54. In other embodi-
ments, the first opening 52 and the second opening 54 may
also be formed by other implementation manners. However,
it should be ensured that the sidewall and the bottom surface
in the first opening 52 form the inclination angle, and the
sidewall and the bottom surface in the second opening 54
form the inclination angle, and the inclination angles are
larger than 90° and smaller than 180°.

Atblock S30: the second anode 421 may be formed in the
second opening 54.

The material and the property of the second anode 421
may be completely the same with those of the first anode
411, and will not be repeated here.

At block S40: the organic light-emitting layer 60 may be
formed in the first opening 52 and the second opening 54,
and the light-emitting area proportion of the organic light-
emitting layer 60 in the first opening 52 may be smaller than
the light-emitting area proportion of the organic light-emit-
ting layer 60 in the second opening 54, wherein the light-
emitting area proportion may be the percentage of the
light-emitting area of the pixel region 51 to the area of the
pixel region 51, and the light-emitting area may be the
contact area between the organic light-emitting layer 60 and
the first anode 411 or the second anode 421 in each of the
pixel regions 51.

The organic light-emitting layer 60 may be made of an
organic photoresist material. The regions where the organic
light-emitting layer 60 contacts with the first anodes 411 and
the second anodes 421 may be display regions, and the
non-contact regions may be non-display regions. In this
embodiment, the first pixel region 511 with the first opening
52 and the second pixel region 512 with the second opening
54 have the same area, and the inclination angle between the
side wall and the bottom surface in the first opening 52 may
be equal to the inclination angle between the side wall and
the bottom surface in the second opening 54, while the depth
of the second opening 54 may be smaller than the depth of
the first opening 52. This may cause the contact area
between the organic light-emitting layer 60 in the first
opening 52 and the first anode 411 to be smaller than the
contact area between the organic light-emitting layer 60 in
the second opening 54 and the second anode 421. Accord-
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10
ingly, the light-emitting area proportion of the first opening
52 may be lower than the light-emitting area proportion of
the second opening 54.

In another embodiment, the first pixel region 511 with the
first opening 52 and the second pixel region 512 with the
second opening 54 may have the same area, and the incli-
nation angle between the side wall and the bottom surface in
the first opening 52 may be larger than the inclination angle
between the side wall and the bottom surface in the second
opening 54, and the depth of the second opening 54 may be
smaller than the depth of the first opening 52. This may
cause the contact area between the organic light-emitting
layer 60 in the first opening 52 and the first anode 411 to be
smaller than the contact area between the organic light-
emitting layer 60 in the second opening 54 and the second
anode 421. Accordingly, the light-emitting area proportion
of the first opening 52 may be lower than the light-emitting
area proportion of the second opening 54.

In a further embodiment, the contact area between the
organic light-emitting layer 60 in the first opening 52 and the
first anode 411 may be equal to the contact area between the
organic light-emitting layer 60 in the second opening 54 and
the second anode 421, while the depth of the second opening
54 may be smaller than the depth of the first opening 52.
This may cause the area of the first pixel region 511 where
the first opening 52 is disposed to be larger than the area of
the second pixel region 512 where the second opening 54 is
disposed. Accordingly, the light-emitting area proportion of
the first opening 52 may be lower than the light-emitting
area proportion of the second opening 54.

The descriptions above are merely the embodiments of
the present disclosure, and are not intended to limit the
protection scope of the present disclosure. In fact, one
skilled in the art may make many equivalents and modifi-
cations based on the specification and the drawings of the
present disclosure, or directly or indirectly apply the tech-
nical solution to other relevant technical field. All these shall
all be covered within the protection of the disclosure.

What is claimed is:

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

a first anode layer, comprising a plurality of patterned first
anodes;

a pixel definition layer, arranged on the first anode layer,
wherein the pixel definition layer defines a plurality of
pixel regions, one of a first opening and a second
opening is defined in each of the pixel regions, each of
the pixel regions comprises a side wall and a bottom
surface in each first opening and each second opening,
an inclination angle is formed between the side wall
and the bottom surface, the inclination angle is larger
than 90° and smaller than 180°, the first opening is
configured to correspond to the first anode and expose
the first anode, and the second opening has a depth
smaller than that of first opening;

a second anode layer, comprising a plurality of patterned
second anodes, wherein the second anode is arranged in
the second opening;

an organic light-emitting layer, arranged in the first open-
ing and the second opening, wherein a light-emitting
area proportion in the first opening is smaller than a
light-emitting area proportion in the second opening,
the light-emitting area proportion is a percentage of a
light-emitting area of a pixel region to an area of the
pixel region, and the light-emitting area is a contact
area between the organic light-emitting layer and the
first anode or the second anode in each of the pixel
regions;
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wherein a contact area between the organic light-emitting
layer in the first opening and the first anode is equal to
a contact area between the organic light-emitting layer
in the second opening and the second anode.

2. The organic light-emitting display panel as described in
claim 1, wherein at least part of the first openings and the
second openings are alternately arranged.

3. The organic light-emitting display panel as described in
claim 1, wherein the pixel regions comprise a first pixel
region where the first opening is disposed and a second pixel
region where the second opening is disposed, an area of the
first pixel region is equal to an area of the second pixel
region, and the inclination angle between the side wall and
the bottom surface in the first opening is equal to the
inclination angle between the side wall and the bottom
surface in the second opening.

4. The organic light-emitting display panel as described in
claim 1, wherein the inclination angle between the side wall
and the bottom surface in the first opening is equal to or
larger than the inclination angle between the side wall and
the bottom surface in the second opening.

5. The organic light-emitting display panel as described in
claim 1, wherein the organic light-emitting display panel
further comprises:

a substrate;

a metal layer arranged on the substrate, comprising a

plurality of patterned metal wires;

a planarization layer arranged on the metal layer, wherein
a plurality of first through holes is formed in the
planarization layer; the first anode layer being arranged
on the planarization layer, and the first anode being
electrically connected with the metal wire via the first
through hole;

a plurality of second through holes, arranged at the bottom
in the second opening and extending to the metal layer;
the second anode layer being electrically connected
with the metal wire via the second through holes;

a cathode layer, completely covered on the organic light-
emitting layer and the pixel definition layer; and

an encapsulation layer, arranged on the cathode layer, for
packaging and forming the organic light-emitting dis-
play panel.

6. The organic light-emitting display panel as described in
claim 1, wherein the pixel regions comprise a first pixel
region where the first opening is disposed and a second pixel
region where the second opening is disposed, an area of the
first pixel region is equal to an area of the second pixel
region, and the inclination angle between the side wall and
the bottom surface in the first opening is larger than the
inclination angle between the side wall and the bottom
surface in the second opening.

7. The organic light-emitting display panel as described in
claim 1, wherein the plurality of pixel regions is arranged in
an array structure.

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

a first anode layer, comprising a plurality of patterned first
anodes;

a pixel definition layer, arranged on the first anode layer,
wherein the pixel definition layer defines at least a first
pixel region and a second pixel region adjacent to the
first pixel region, a first opening is defined in the first
pixel region, a second opening is defined in the second
pixel region, an obtuse angle is formed between a side
wall and a bottom surface in the first opening and an
obtuse angle is formed between a side wall and a
bottom surface in the second opening, the second
opening has a depth smaller than that of first opening
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such that the bottom surface in the second opening is
higher than the bottom surface of the first opening;

a second anode layer, comprising a plurality of patterned
second anodes, wherein the second anode is arranged in
the second opening;

an organic light-emitting layer, arranged in the first open-
ing and the second opening, wherein the organic light-
emitting layer in the first opening contacts the first
anode, and the organic light-emitting layer in the sec-
ond opening is disposed on the second anode and
contacts the second anode;

wherein a contact area between the organic light-emitting
layer in the first opening and the first anode is equal to
a contact area between the organic light-emitting layer
in the second opening and the second anode.

9. The organic light-emitting display panel as described in
claim 8, wherein an area of the first pixel region is equal to
an area of the second pixel region, and the obtuse angle
between the side wall and the bottom surface in the first
opening is equal to or larger than the obtuse angle between
the side wall and the bottom surface in the second opening.

10. The organic light-emitting display panel as described
in claim 8, wherein the obtuse angle between the side wall
and the bottom surface in the first opening is equal to the
obtuse angle between the side wall and the bottom surface
in the second opening.

11. The organic light-emitting display panel as described
in claim 8, further comprising:

a substrate;

a metal layer arranged on the substrate, comprising a

plurality of patterned metal wires;

a planarization layer arranged on the metal layer, wherein
a plurality of first through holes is formed in the
planarization layer;

the first anode layer being arranged on the planarization
layer, and the first anode being electrically connected
with the metal wire via the first through hole;

a plurality of second through holes, arranged at the bottom
of the second opening and extending to the metal layer;
the second anode layer being electrically connected
with the metal wire via the second through holes;

a cathode layer, completely covered on the organic light-
emitting layer and the pixel definition layer; and

an encapsulation layer, arranged on the cathode layer, for
packaging and forming the organic light-emitting dis-
play panel.

12. The organic light-emitting display panel as described
in claim 8, wherein the pixel definition layer defines a
plurality of pixel regions, and the plurality of pixel regions
is arranged in an array structure.

13. A manufacturing method of an organic light-emitting
display panel, comprising:

forming a first anode layer, wherein the first anode layer
comprises a plurality of first anodes;

forming a pixel definition layer on the first anode layer,
and defining a plurality of pixel regions on the pixel
definition layer, wherein one of a first opening and a
second opening is defined in each of the pixel regions,
each of the pixel regions comprises a side wall and a
bottom surface in each first opening and each second
opening, an inclination angle is formed between the
side wall and the bottom surface, the inclination angle
is larger than 90° and smaller than 180°, the first
opening is configured to correspond to the first anode
and expose the first anode, and the second opening has
a depth smaller than that of first opening;

forming a second anode in the second opening; and
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forming an organic light-emitting layer in the first open-
ing and the second opening, wherein a light-emitting
area proportion in the first opening is smaller than a
light-emitting area proportion in the second opening,
the light-emitting area proportion is a percentage of a
light-emitting area of a pixel region to an area of the
pixel region, and the light-emitting area is a contact
area between the organic light-emitting layer and the
first anode or the second anode in each of the pixel
regions;

wherein a contact area between the organic light-emitting

layer in the first opening and the first anode is equal to
a contact area between the organic light-emitting layer
in the second opening and the second anode.

14. The manufacturing method as described in claim 13,
wherein the second opening having a smaller depth than the
first opening is formed by controlling the etching time of the
first opening to be greater than the etching time of the second
opening.

15. The manufacturing method as described in claim 13,
wherein the pixel regions comprise a first pixel region where
the first opening is disposed and a second pixel region where
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the second opening is disposed, an area of the first pixel
region is equal to an area of the second pixel region, and the
inclination angle between the side wall and the bottom
surface in the first opening is equal to the inclination angle
between the side wall and the bottom surface in the second
opening.

16. The manufacturing method as described in claim 13,
wherein the pixel regions comprise a first pixel region where
the first opening is disposed and a second pixel region where
the second opening is disposed, an area of the first pixel
region is equal to an area of the second pixel region, and the
inclination angle between the side wall and the bottom
surface in the first opening is larger than the inclination
angle between the side wall and the bottom surface in the
second opening.

17. The manufacturing method as described in claim 13,
wherein the inclination angle between the side wall and the
bottom surface in the first opening is equal to or larger than
the inclination angle between the side wall and the bottom
surface in the second opening.
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