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(57) ABSTRACT

A substrate for an organic light-emitting device, a method
for manufacturing the substrate for an organic light-emitting
device, and a display device are provided. The substrate for
an organic light-emitting device includes a base substrate, a
pixel definition layer on the base substrate, and an organic
light-emitting device in each of the pixel regions. The pixel
definition layer defines a plurality of pixel regions, each of
the pixel regions has a top opening and a lower opening
along a thickness direction of the base substrate, the lower
opening is in the top opening so that each of the pixel regions
has a slope extending from the top opening to the lower
opening, and boundaries of the top openings adjacent to each
other are intersected with each other.
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SUBSTRATE FOR AN ORGANIC
LIGHT-EMITTING DEVICE,
MANUFACTURING METHOD THEREOF
AND DISPLAY DEVICE

TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate to a
substrate for an organic light-emitting device, a manufac-
turing method for a substrate for an organic light-emitting
device, and an organic light-emitting display device.

BACKGROUND

[0002] An organic light-emitting diode (OLED) has
unique characteristics such as self luminescence, rapid
response, a variety of color, wide view angle, and capability
of being manufactured on a flexible substrate. A display
based on the OLED becomes a mainstream in a display field.
[0003] An OLED display backplane includes an array
substrate and organic light-emitting devices, and each of the
organic light-emitting devices includes an anode, an organic
light-emitting layer and a cathode. The array substrate
includes a driving circuit formed by using thin film transis-
tors (TFTs). A pixel definition layer (PDL) is made at the
array substrate to separate pixel regions from each other, for
example, each of the pixel regions is an opening, and each
opening is provided with one of the organic light-emitting
devices. At present, the requirements for power consump-
tion, efficiency, viewing angle and color cast in the display
field is becoming more and more stringent. If the cathode of
the organic light-emitting device is thin, the color cast is
reduced, and at the same time when the light transmittance
of the cathode is increased, the luminescence efficiency of
the organic light-emitting device is improved.

SUMMARY

[0004] At least one embodiment of the present disclosure
provides a substrate for an organic light-emitting device
(namely, organic electroluminescent device), which
includes: a base substrate; a pixel definition layer which is
on the base substrate and which defines a plurality of pixel
regions, each of the pixel regions having a top opening and
a lower opening along a thickness direction of the base
substrate, the lower opening being in the top opening so that
each of the pixel regions has a slope from the top opening
to the lower opening, and boundaries of the top openings
adjacent to each other being intersected with each other; and
an organic light-emitting device in each of the pixel regions.
[0005] For example, in the substrate for an organic light-
emitting device provided by at least one embodiment of the
present disclosure, the organic light-emitting device
includes an anode in the lower opening of the pixel region,
an organic light-emitting layer on the anode, and a cathode
on the organic light-emitting layer.

[0006] For example, in the substrate for an organic light-
emitting device provided by at least one embodiment of the
present disclosure, the pixel definition layer is on the anode,
and the anode is partially exposed by the lower opening in
each of the pixel regions.

[0007] For example, in the substrate for an organic light-
emitting device provided by at least one embodiment of the
present disclosure, a slope angle of the slope of the pixel
definition layer in each of the pixel regions ranges from 5 to
25 degrees.
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[0008] For example, in the substrate for an organic light-
emitting device provided by at least one embodiment of the
present disclosure, cathodes of organic light-emitting
devices in the pixel regions adjacent to each other are
electrically connected to each other.

[0009] For example, in the substrate for an organic light-
emitting device provided by at least one embodiment of the
present disclosure, the organic light-emitting device is con-
figured to emit at least one of red light, green light or blue
light.

[0010] For example, the substrate for an organic light-
emitting device provided by at least one embodiment of the
present disclosure further includes spacers spaced apart from
each other on the pixel definition layer.

[0011] For example, in the substrate for an organic light-
emitting device provided by at least one embodiment of the
present disclosure, the spacers are symmetrical with respect
to a position of the boundaries of the top openings adjacent
to each other.

[0012] For example, the substrate for an organic light-
emitting device provided by at least one embodiment of the
present disclosure further includes a driving circuit layer, the
driving circuit layer includes driving transistors, and each of
the driving transistors is electrically connected with the
organic light-emitting device in each of the pixel regions
correspondingly to drive the organic light-emitting device.
[0013] At least one embodiment of the present disclosure
further provides an organic light-emitting display device,
which includes the substrate for an organic light-emitting
device described in any one of the above embodiments.
[0014] For example. the organic light-emitting display
device provided by at least one embodiment of the present
disclosure further includes an opposite substrate which is on
the substrate for an organic light-emitting device.

[0015] At least one embodiment of the present disclosure
further provides a manufacturing method of a substrate for
an organic light-emitting device, which includes: providing
a base substrate; forming a pixel definition layer on the base
substrate, in which the pixel definition layer defines a
plurality of pixel regions, each of the pixel regions has a top
opening and a lower opening along a thickness direction of
the base substrate, the lower opening is formed in the top
opening so that each of the pixel regions has a slope
extending from the top opening to the lower opening, and
boundaries of the top openings adjacent to each other are
intersected with each other; and forming an organic light-
emitting device in each of the pixel regions.

[0016] For example, in the manufacturing method of a
substrate for the organic light-emitting device provided by at
least one embodiment of the present disclosure, the organic
light-emitting device includes an anode formed in the lower
opening of the pixel region, an organic light-emitting layer
formed on the anode, and a cathode formed on the organic
light-emitting layer.

[0017] For example, in the manufacturing method of a
substrate for the organic light-emitting device provided by at
least one embodiment of the present disclosure, the pixel
definition layer is formed on the base substrate in an
exposure mode with different gray scales, so that each of the
pixel regions has the slope extending from the top opening
to the lower opening.

[0018] For example, in the manufacturing method of a
substrate for the organic light-emitting device provided by at
least one embodiment of the present disclosure, the anode,



US 2019/0044077 A1l

the organic light-emitting layer, and the cathode of the
organic light-emitting device are formed in turn in each of
the pixel regions.

[0019] For example, in the manufacturing method of a
substrate for the organic light-emitting device provided by at
least one embodiment of the present disclosure, the organic
light-emitting layer is formed by evaporating with an evapo-
ration mask, and an opening of the evaporation mask is
identical to or is substantially identical to the top opening of
each of the pixel regions.

[0020] For example, in the manufacturing method of a
substrate for the organic light-emitting device provided by at
least one embodiment of the present disclosure, the organic
light-emitting layer is an organic light-emitting layer con-
figured to emitting red light, green light or blue light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] In order to clearly illustrate the technical solution
of the embodiments of the disclosure, the drawings of the
embodiments will be briefly described in the following, it is
obvious that the described drawings are only related to some
embodiments of the disclosure and thus are not limitative of
the disclosure.

[0022] FIG. 1A is a schematic structural view of a pixel
definition layer of a substrate for an organic light-emitting
device;

[0023] FIG. 1B is a schematic section view of different
portions of the substrate for the organic light-emitting device
as illustrated in FIG. 1A,

[0024] FIG. 2Ais a schematic section view of a portion of
a structure of a substrate for an organic light-emitting device
provided by at least one embodiment of the present disclo-
sure;

[0025] FIG. 2B is a schematic section view of the structure
of the substrate for an organic light-emitting device provided
by at least one embodiment of the present disclosure;
[0026] FIG. 3A is a schematic structural view of a pixel
definition layer of the substrate for an organic light-emitting
device provided by at least one embodiment of the present
disclosure;

[0027] FIG. 3B is a structural section view of different
portions of the substrate for an organic light-emitting device
as illustrated in FIG. 3A;

[0028] FIG. 4 is a schematic structural view of an upright
top-emitting OLED device provided by at least one embodi-
ment of the present disclosure;

[0029] FIG. 5 is a schematic view of a slope angle of an
opening region of the pixel definition layer provided by at
least one embodiment of the present disclosure;

[0030] FIG. 6 is a schematic view of an organic light-
emitting display device provided by at least one embodiment
of the present disclosure;

[0031] FIG. 7 is a schematic flow chart of a manufacturing
method of a substrate for an organic light-emitting device
provided by at least one embodiment of the present disclo-
sure;

[0032] FIG. 8A to FIG. 8C are schematic views of struc-
tures of pixel masks provided by at least one embodiment of
the present disclosure; and

[0033] FIG. 9 is a schematic flow chart of the manufac-
turing method of the substrate for an organic light-emitting
device provided by at least one embodiment of the present
disclosure.
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DETAILED DESCRIPTION

[0034] In order to make objects, technical details and
advantages of the embodiments of the disclosure apparent,
the technical solutions of the embodiment will be described
in a clearly and fully understandable way in connection with
the drawings related to the embodiments of the disclosure.
It is obvious that the described embodiments are just a part
but not all of the embodiments of the disclosure. Based on
the described embodiments herein, those skilled in the art
can obtain other embodiment(s), without any inventive
work, which should be within the scope of the disclosure.
[0035] Unless otherwise defined, all the technical and
scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art to
which the present invention belongs. The terms “first,”
“second,” etc., which are used in the description and the
claims of the present application for invention, are not
intended to indicate any sequence, amount or importance,
but distinguish various components. The terms “comprises,”
“comprising,” “includes,” “including,” etc., are intended to
specify that the elements or the objects stated before these
terms encompass the elements or the objects and equivalents
thereof listed after these terms, but do not preclude the other
elements or objects. The phrases “connect”, “connected”,
etc., are not intended to define a physical connection or
mechanical connection, but may include an electrical con-
nection, directly or indirectly. The terms “on,” *“under,”
“right,” “left” and the like are only used to indicate relative
position relationship, and when the position of the object
which is described is changed, the relative position relation-
ship may be changed accordingly.

[0036] A method for manufacturing a pixel definition layer
(PDL) which defines an opening region of a pixel region
includes forming a relatively regular hole in the pixel
definition layer at a position corresponding to the pixel
region according to the shape of the pixel region. In the
display industry, with higher and higher requirements for
visual angle and color cast, and at the same time in order to
obtain a higher luminous efliciency, a thickness of a cathode
of an organic light-emitting device in the opening region is
required to be thinner, which raises new requirements for the
shape of the opening region of the pixel definition layer.
[0037] FIG. 1A is a schematic structural view of a pixel
definition layer of a substrate for an organic light-emitting
device, FIG. 1B is a schematic section view of different
portions of the substrate for an organic light-emitting device
as illustrated in FIG. 1A. The section views of a-a', b-b', ¢-c',
d-d' and e-¢' in FIG. 1B are cross sections of the pixel
defining layer of FIG. 1A along the lines a-a', b-b', c-c', d-d'
and e-¢', respectively.

[0038] As illustrated in FIG. 1A, the substrate for the
organic light-emitting device 100 includes a plurality of
pixel regions arranged in an array (so the substrate for an
organic light-emitting device is an array substrate), and the
pixel regions include the pixel regions for forming red sub
pixels (R), green sub pixels (G) and blue sub pixels (B). As
illustrated in FIG. 1B, the pixel definition layer 110 has
opening regions respectively corresponding to the pixel
regions, and in the opening regions in FIG. 1B, there are
anodes 120, 130 and 140 of organic light-emitting devices
corresponding to the red sub pixels (R), the green sub pixels
(G) and the blue sub pixels (B), respectively.

[0039] Each of the opening regions of the pixel definition
layer 110 respectively corresponding to the pixel regions has
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a top opening and a lower opening along a thickness
direction of the base substrate; boundaries of the top open-
ings of the pixel regions adjacent to each other have a certain
distance from each other, so the top openings occupy a small
region of the substrate for an organic light-emitting device,
which results in the slope gradient from the top opening to
the lower opening in the pixel region defined by the pixel
definition layer 110 is steep. A platform portion is formed
between the top openings of the pixel regions adjacent to
each other, and spacers 150 are formed on the platform
portion between the top openings in the pixel regions
adjacent to each other.

[0040] An organic light-emitting layer and a cathode are
further formed on the substrate for an organic light-emitting
device with the pixel definition layer. For example, organic
light-emitting layers of the organic light-emitting devices for
emitting light of different colors are formed by the method
of evaporation. For example, a common cathode of the
organic light-emitting devices extends over the whole sub-
strate for the organic light-emitting device. If the common
cathode is too thin, the phenomenon that a film of the
common cathode is broken or discontinuous occurs, which
causes bad overlap of the common cathode on the pixel
definition layer and an increased resistance of the common
cathode, then the efficiency and power consumption of the
organic light-emitting devices are reduced, or even an open-
ing circuit is caused directly, so that a display device
including the organic light-emitting devices cannot be
lighted, and thus the display function cannot be realized
normally.

[0041] At least one embodiment of the present disclosure
provides a substrate for an organic light-emitting device
(namely a substrate for an organic electroluminescent
device). FIG. 2A is a schematic structural view of the
substrate for an organic light-emitting device provided by at
least one embodiment of the present disclosure. As illus-
trated in FIG. 2A, the substrate for the organic light-emitting
device includes: a base substrate 1; a pixel definition layer
2 disposed on the base substrate 1, and an organic light-
emitting device (not illustrated in FIG. 2A) disposed in each
of pixel regions defined by the pixel definition layer 2.

[0042] For example, as illustrated in FIG. 2A, the pixel
definition layer defines a plurality of pixel regions, the
plurality of pixel regions are distributed in an array. Light
emitted from the plurality of pixel regions respectively has
the same color or different colors. Each of the opening
regions in the pixel definition layer 2 respectively corre-
sponding to the pixel regions has a top opening 8 and a lower
opening 7 along a thickness direction of the base substrate
1, and the lower opening 7 is formed in the top opening 8 so
that each of the pixel regions has a slope 21 extending from
the top opening 8 to the lower opening 7, and boundaries of
the top openings 8 of the pixel regions adjacent to each other
are intersected with each other, that is the boundaries of the
top openings 8 adjacent to each other overlap with each
other, and therefore there is no planar portion or substan-
tially no planar portion between the boundaries of the top
openings adjacent to each other. At least a portion of a
projection of the lower opening 7 on a plane where the base
substrate 1 is located and a projection of the top opening 8
on the plane where the base substrate 1 is located do not
overlap with each other, so that the lower opening 7 is
formed in the top opening 8.
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[0043] 1t should be noted that, the top opening 8 of the
slope 21 of the pixel definition layer is an opening in a
portion, away from the base substrate 1, of the pixel defi-
nition layer 2; the lower opening 7 is an opening, in a
portion, close to the base substrate 1, of the pixel definition
layer 2; and the top opening 8 is connected with the lower
opening 7 of the pixel definition layer 2 by the slope 21. For
example, FIG. 2B is a schematic section view of a structure
of the substrate for an organic light-emitting device provided
by at least one embodiment of the present disclosure. As
illustrated in FIG. 2B, in each of the pixel regions, the
organic light-emitting device includes an anode 4 disposed
in the lower opening 7 of the pixel region, an organic
light-emitting layer 5 disposed on the anode 4, and a cathode
6 disposed on the organic light-emitting layer 5. For
example, the organic light-emitting layer 5 is formed in a
pixel region defined by the pixel definition layer 2, and the
cathode 6, for example, a common cathode, is shared by a
plurality of pixel regions adjacent to each other, so that the
cathode 6 crosses the boundaries of the pixel regions adja-
cent to each other and covers the slope 21 of the pixel
definition layer 2 in the pixel region. In addition, in other
examples, the organic light-emitting device includes a cath-
ode, an organic light-emitting layer 5 and an anode 4 formed
on the base substrate 1 in sequence, and in the present
example, the anode 4 is formed on the pixel definition layer
2, for example, the anode 4 is a common anode which covers
the pixel regions adjacent to each other.

[0044] For example, the base substrate 1 is a glass sub-
strate, a silicon substrate, or a quartz substrate, or the like.
Moreover, for example, a driving circuit layer (not shown)
is formed on the base substrate 1, which is configured to
apply a driving voltage to the above organic light-emitting
device to make the organic light-emitting device emit light.
The pixel definition layer 2, and the organic light-emitting
device, etc. are formed on the driving circuit layer, in this
way, the driving circuit layer may be considered as a portion
of the base substrate 1. The driving circuit layer for the pixel
regions includes gate lines, data lines, power lines, transis-
tors and storage capacitors, etc. The transistors, for example,
are thin film transistors, and are used as switch transistors or
driving transistors or the like to drive the corresponding
organic light-emitting devices respectively. For example,
one of a source electrode and a drain electrode of the driver
transistor is connected with the anode of the organic light-
emitting device.

[0045] The substrate for an organic light-emitting device
in the embodiments of the present disclosure makes the thin
electrode (such as the cathode) formed on the pixel defini-
tion layer overlap the pixel definition layer well, so that the
transmittance of light is improved.

[0046] At least one embodiment of the present disclosure
further provides a substrate for an organic light-emitting
device 200, FIG. 3A is a schematic structural view of a pixel
definition layer of the substrate for an organic light-emitting
device 200 provided by at least one embodiment of the
present disclosure, FIG. 3B is a section view of different
portions of the substrate for an organic light-emitting device
as illustrated in FIG. 3A, and the section views of a-a', b-b',
c-¢', d-d' and e-¢' in FIG. 3B are the cross sections of the
pixel defining layer of FIG. 3A along the lines a-a', b-b', ¢-¢,
d-d' and e-¢', respectively.

[0047] As illustrated in FIG. 3A and FIG. 3B, the substrate
for an organic light-emitting device 200 includes a base
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substrate 1, a pixel definition layer 210 formed on the base
substrate 1, and an organic light-emitting device formed in
each pixel region defined by the pixel definition layer 210.
FIG. 3A and FIG. 3B only show the anodes of the organic
light-emitting devices. The pixel definition layer 210 defines
a plurality of pixel regions, and the plurality of pixel regions
are arranged in an array. Light respectively emitted from the
plurality of pixel regions are of different colors. For
example, the plurality of pixel regions include red sub (R)
pixel regions, green (G) sub pixel regions and blue (B) sub
pixel regions. There are anodes 220, 230 and 240 of the
organic light-emitting devices corresponding to the red (R)
sub pixels, the green (G) sub pixels and the blue (B) sub
pixels, respectively. For example, a red (R) sub pixel, a
green (G) sub pixel and a blue (B) sub pixel which are
adjacent to each other form a pixel, and they are arranged in
“> word (or arranged in a triangle).

a He

[0048] The substrate for an organic light-emitting device
further includes spacers 250 arranged on the pixel definition
layer 210, and the spacers 250 are arranged between the
pixel regions adjacent to each other. For example, the
spacers adjacent to each other are symmetrically arranged
with respect to the boundaries of the top opening regions of
the pixel regions adjacent to each other.

[0049] For example, the organic light-emitting device is a
top-emitting OLED device, for example an upright top-
emitting OLED (namely the anode of the OLED is between
the cathode of the OLED device and the base substrate and
the cathode side is the light-emitting side of the OLED
device). F1G. 4 is a schematic structural view of an upright
top-emitting OLED device provided by at least one embodi-
ment of the present disclosure. As illustrated in FIG. 4, the
upright top-emitting OLED device includes a base substrate
41, an anode 42, a hole injection layer 43, a hole transport
layer 44, an organic light-emitting layer 45, an electron
transport layer 46, an electron injection layer 47 and a
cathode 48. For example, reflected light is emitted from a
side of the cathode in a direction opposite to the direction of
the base substrate 1.

[0050] For example, the pixel definition layer 210 is
disposed on the anodes 220, 230, 240, so that the anodes
220, 230, 240 are partially exposed by the corresponding
lower openings in the pixel regions defined by the pixel
definition layer 210, respectively. As illustrated in section
views respectively along a-a' and ¢-¢'in FIG. 3B, each of the
anodes is exposed by a corresponding lower opening. For
example, a top-emitting OLED device is achieved by arrang-
ing a transparent cathode layer and a reflective anode layer.
In other embodiments of the present disclosure, for example,
the organic light-emitting device is a bottom-emitting
OLED. For example, the bottom-emitting OLED is achieved
by arranging a transparent anode layer and a reflective
cathode layer, and the base substrate is transparent.

[0051] According to the different structures of the OLED
device, different anode materials and cathode materials are
selected. For example, the anode material is indium tin oxide
(ITO), Ag, NiO, Al, ZnO, AZO (AlZnO), graphene and other
transparent or translucent material with a high work func-
tion, a good electrical conductivity and a good chemical
stability. For example, a thickness of the anode is from 1
micron to 2 micron (um). For example, the cathode material
is a metal or an alloy material with a low work function. In
order to overcome the high chemical activity of the metal
with low work function such as calcium, potassium and
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lithium and the like, for example, the cathode material is an
alloy made of metal with low work function and corrosion-
resistant metal, such as MgAg (90 at % Mg, 3.7 ¢V), or LiAl
(0.6 at % Li, 3.2 eV), or the like.

[0052] For example, the thickness of the pixel definition
layer 210 is from 1.5 micron to 3 micron. For example, the
material of the pixel definition layer 210 is an inorganic
material (e.g. silicon nitride or silicon oxide) or an organic
material (e.g., polyimide, or polytetrafluoroethylene
(PTFE)), or a photoresist (such as polyvinyl lauric acid ester,
Kodak Photo Resist (KPR), or Kodak orthoresist (KOR)),
which is not limited in the embodiments of the present
disclosure.

[0053] For example, the cathodes of the organic light-
emitting devices respectively in the pixel regions adjacent to
each other are electrically connected to each other. For
example, the cathodes of the organic light-emitting devices
form a common cathode layer on the whole substrate for the
organic light-emitting device or a portion region of the
substrate for an organic light-emitting device.

[0054] For example, the substrate for an organic light-
emitting device includes at least one of the red pixel, the
green pixel, or the blue pixel. For example, the red sub pixel
R, the green sub pixel G and the blue sub pixel B include the
red sub pixel anode 220, the green sub pixel anode 230 and
the blue sub pixel anode 240 respectively. For example, the
sizes, the shapes and the positions of the red pixel anode
220, the green sub pixel anode 230 and the blue sub pixel
anode 240 can be arranged according to the requirements,
which is not limited herein.

[0055] As illustrated in FIG. 3A, the red sub pixel R, the
green sub pixel G, and the blue sub pixel B are arranged to
be in rectangular shapes having different sizes respectively,
and have the same number. As illustrated in section views
along a-a' and c-¢' in FIG. 3B, according to the different sizes
and shapes of the anodes 4 of the pixels, the sizes of the
lower openings respectively corresponding to the pixels are
different and the sizes of the top openings respectively
corresponding to the pixels are also different.

[0056] FIG. 3A illustrates by taking a structure that the
organic light-emitting devices include the sub pixels with
different colors and the same quantities as an example, and
the embodiments of the present disclosure are not limited to
this. For example, the structure of the organic light-emitting
devices in practical application can adopt any other suitable
arrangement to realize a color display.

[0057] For example, the substrate for the organic light-
emitting device further includes spacers 250 spaced apart
from each other on the pixel definition layer 210. The
spacers 250, for example, used for supporting an opposite
substrate on the substrate for the organic light-emitting
device in the display device. For example, the spacers
adjacent to each other are arranged symmetrically with
respect to a position of the boundaries of the top openings
adjacent to each other, and each row of the spacers is
between two adjacent rows of the pixel regions. As illus-
trated in F1G. 3A, the spacers 250 are spaced apart from each
other and are evenly arranged at junction positions of the
pixel region provided with the red sub pixel R, the pixel
region provided with the green sub pixel G, and the pixel
region provided with the blue sub pixel B which are adjacent
to each other, respectively. As illustrated in section views
along b-b' and d-d' in FIG. 3B, each of the lines b-b' and d-d'
is a center line connecting centers of a row of the spacers 250
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and a line connecting the boundaries of the top openings
adjacent to each other, so the top surface of the pixel
definition layer 210 corresponding to the row of the spacers
250 is planar, and the spacers 250 at the line b-b' and the
spacers 250 at the line d-d' are at different rows. The line e-¢'
illustrates portions of the spacers 250 respectively in the
openings, so the upper surface of the pixel definition layer
210 is not planar.

[0058] A slope angle of the opening region in the pixel
definition layer of the present embodiments is explained
below in connection with FIG. 6. For example, the slope
angle of the slope 21 between the top opening and the lower
opening in each of the pixel regions of the pixel definition
layer ranges from 5 to 25 degrees.

[0059] For example, the slope angle of the slope is 5
degrees, 10 degrees, 15 degrees, 20 degrees or 25 degrees.
[0060] For example, in the embodiments of the present
disclosure, the slope 21 is an inclined conical surface or an
internal concave surface. The slope angle of the slope 21
refers to the angle between a surface of the slope 21 or a
tangent plane of the slop 21 and a horizontal plane (that is
an upper surface of the base substrate 1). It should be noted
that, if the slope 21 is formed by extending a smooth curved
surface, the slope angle is the angle between the tangent
plane of the slope 21 and the upper surface of the base
substrate 1.

[0061] As illustrated in FIG. 5, the top opening of the pixel
definition layer 110 illustrated in FIG. 1 is small, so the slope
angle of the slope 21 (the inside curve) connecting the top
opening with the lower opening is large. For example, a
refers to the slope angle of the slope 21, for example, the
slope angle a is 37 degrees. In the present embodiment of
the present disclosure as illustrated in FIG. 3, the boundaries
of the top openings of the adjacent pixel regions in the pixel
definition layer 210 are overlapped with each other, so that
the top opening is largest, so the slope angle of the slope 21
(the outside curve) connecting the top opening with the
lower opening is small. For example, f§ refers to the slope
angle of the slope 21, for example, the slope angle f is 19
degrees. For example, the top opening and the lower open-
ing of the pixel definition layer form a gentle slope, so as to
ensure the requirements for evaporation for, for example, the
organic light-emitting layer (and for example, the hole
injection layer, a hole transport layer), and at the same time
to obtain a lager evaporation surface (the surface of the
slope), because the larger the evaporation surface, the more
conducive to the thin cathode to attach on the slope. There-
fore, the quality of the formed film is further improved, and
the performance of the organic light-emitting device is
further improved.

[0062] The substrate for an organic light-emitting device
in the embodiments of the present disclosure makes the thin
electrode (such as a cathode) formed on the pixel definition
layer have a better overlapping eflect, so that the transmit-
tance of light is improved.

[0063] At least one embodiment of the present disclosure
further provides an organic light-emitting display device, as
illustrated in FIG. 6, the organic light-emitting display
device includes the substrate for an organic light-emitting
device 300 described in any one of the above embodiments.
For example, the organic light-emitting display device
includes an opposite substrate 400, and the opposite sub-
strate 400 is arranged on the substrate for an organic
light-emitting device 300. For example, the substrate for the
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organic light-emitting device and the opposite substrate are
connected by a sealant to form a cell. For example, the
opposite substrate 400 includes a glass substrate. In the
practical application, the organic light-emitting display
device can be a mobile phone, a TV, a computer, a dash-
board, and so on.

[0064] Because the organic light-emitting display device
includes the substrate for an organic light-emitting device in
any one of the above embodiments, the technical effect of
the organic light-emitting display device is the same as that
of the substrate for the organic light-emitting device, which
is omitted herein.

[0065] At least one embodiment of the present disclosure
further provides a manufacturing method of a substrate for
an organic light-emitting device. FIG. 7 is a schematic flow
chart of the manufacturing method for the substrate of an
organic light-emitting device provided by at least one
embodiment of the present disclosure. As illustrated in FIG.
7, the method for manufacturing the substrate for an organic
light-emitting device includes the following operations.
[0066] Step 100: providing a base substrate;

[0067] Step 101: forming a pixel definition layer on the
base substrate, in which the pixel definition layer defines a
plurality of pixel regions, each of the pixel regions has a top
opening and a lower opening along a thickness direction of
the base substrate, the lower opening is formed in the top
opening so that each of the pixel regions has a slope
extending from the top opening to the lower opening, and
boundaries of the top openings adjacent to each other are
intersected with each other.

[0068] Step 102: forming an organic light-emitting device
in each of the pixel regions.

[0069] For example, the organic light-emitting device
includes an anode disposed in the lower opening of the pixel
region, an organic light-emitting layer disposed on the
anode, and a cathode disposed on the organic light-emitting
layer.

[0070] The obtained substrate for an organic light-emit-
ting device is the substrate for an organic light-emitting
device as illustrated in FIG. 2B. Its specific structures, such
as the base substrate, the anode, the organic light-emitting
layer and the cathode, are similar to the corresponding
characteristic structures described above and the realization
principles are the same, which is omitted herein.

[0071] For example, the method for manufacturing the
pixel definition layer is a chemical vapor deposition (CVD)
method, a spin coating method, or a scraping coating
method, etc., which is not limited in the embodiments of the
present disclosure, and it is necessary to choose the material
based on the film to be formed. For example, an inorganic
material or an organic material is selected. In a case that the
pixel definition layer is made of the organic material, for
example, the pixel definition layer is made of photoresist.
[0072] For example, a pixel definition layer is formed on
an insulated substrate by using a plurality of masks with
different gray scales in turn, so that the pixel region has the
slope extending from the top opening to the lower opening.
For example, a patterning process for forming the slope
extending from the top opening to the lower opening at least
includes the processes of exposure, development and etch-
ing (wet etching or dry etching).

[0073] For example, in a case of using the photoresist to
prepare the pixel definition layer, the method of exposure by
using the plurality of masks with different gray scales can be
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used, so that in a pixel region, the degree for exposing the
pixel definition layer from a lower opening position to a top
opening position is gradually changed. After the exposed
photoresist is developed, the pixel definition layer required
by the present embodiments of the present disclosure is
obtained.

[0074] For example, forming the organic light-emitting
device includes forming the anode, the organic light-emit-
ting layer, and the cathode in turn. For example, the anode
is formed on the base substrate firstly, and then the pixel
definition layer is formed on the base substrate, after that, for
example, the organic light-emitting layer is formed in an ink
jet printing method. For example, if an organic functional
layer is required to be formed, the organic functional layer,
such as a hole injection layer, a hole transport layer, an
electronic transport layer and an electronic injection layer
are also formed in an ink jet printing method. Finally, the
cathode is deposited on the organic light-emitting layer, and
so on. For example, the cathode is formed firstly, and the
anode and other structures of the organic light-emitting
device are formed after the pixel definition layer is formed.

[0075] For example, the organic light-emitting layer is
evaporated by an evaporation mask, and a size of an opening
in the evaporation mask is the same as or substantially the
same as a size of the top opening of the pixel region in the
pixel definition layer.

[0076] For example, the substrate for an organic light-
emitting device manufactured by an embodiment of the
present disclosure includes red sub pixels, green sub pixels,
or blue sub pixels. FIG. 8A to FIG. 8C are schematic views
of structures of three evaporated masks for forming the
substrate for the organic light-emitting device as illustrated
in FIG. 3A and FIG. 3B provided by at least one embodi-
ment of the present disclosure. The positions of the openings
of the masks in FIG. 8A, FIG. 8B and FIG. 8C correspond
to the top openings in different pixel regions of the pixel
definition layer respectively, that is the red sub pixel mask
R corresponds to the red sub pixel, the green sub pixel mask
G corresponds to the green sub pixel, and the blue sub pixel
mask B corresponds to the blue sub pixel.

[0077] For example, the top openings of the pixels with
different colors in the pixel definition layer and the openings
of the corresponding evaporated masks are matched in size
and shape. Therefore, the design and arrangement of the
evaporated masks take up almost all the light-emitting
regions. That is to say, the surface area of the top openings
of the pixel definition layer is maximized, and the angles of
the slopes are slowed down. Moreover, because the top
openings of the pixel definition layer correspond to the
openings of the evaporation mask respectively, the blocking
of the evaporation mask is reduced and thus the cleaning
times of the evaporation mask is reduced.

[0078] Inpractical applications, in evaporating the organic
material layers (organic light-emitting layers or organic
functional layers) of red sub pixels, green sub pixels and
blue sub pixels, a high precision alignment system can be
used to make the mask aligned with the base substrate.

[0079] FIG. 9 is a flow chart of the manufacturing method
of the substrate for the organic light-emitting device pro-
vided by at least one embodiment of the present disclosure.
As illustrated in FIG. 9, on the basis of the manufacturing
method of the substrate for an organic light-emitting device
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shown in FIG. 7, the manufacturing method of the substrate
for the organic light-emitting device includes the following
operations.

[0080] Step 200: providing a base substrate.

[0081] Step 201: forming a pixel definition layer on an
insulating substrate by an exposure method with different
gray scales.

[0082] Step 202: forming a slope for connecting the top
opening to the lower opening in the thickness direction of
the base substrate in each of the pixel regions by the
exposure method with different gray scales, so that the
boundaries of the top openings adjacent to each other are
intersected with each other.

[0083] Step 203: forming an anode in the lower opening of
each of the pixel regions.

[0084] Step 204: forming a hole injection layer, a hole
transmission layer, an organic light-emitting layer, an elec-
tron transport layer and an electron injection layer on the
anode in turn.

[0085] Step 205: forming a cathode on the electron injec-
tion layer.
[0086] The substrate for an organic light-emitting device

provided by the embodiment of the present disclosure may
be the substrate for an organic light-emitting device in the
embodiments shown in FIG. 3A and FIG. 3B, its specific
structures, such as the base substrate, the anode, the organic
light-emitting layer and the cathode, are similar to the
corresponding characteristic structures mentioned above,
and their implementation principles are the same, which are
not limited herein.

[0087] There are the following points to be noted.
[0088] (1) The drawings of the embodiments of the pres-
ent disclosure are only related to the structures related to the
embodiments of the present disclosure, and other structures
can refer to general designs.

[0089] (2) For clarity, in the drawings for describing the
embodiments of the present disclosure, a thickness of a layer
or a thickness of a region is exaggerated or reduced, that is,
these drawings are not drawn according to an actual scale.
It should be understood that: in a case that an element such
as a layer, a film, a region or a substrate is referred to as
being disposed “on” or “beneath” another element, the
element may be “directly” disposed “on” or “beneath”
another element, or an intermediate element may be pro-
vided.

[0090] (3) In the absence of conflict, the embodiments of
the present disclosure and the features in the embodiments
can be combined with each other to obtain new embodi-
ments.

[0091] What are described above is related to the illustra-
tive embodiments of the disclosure only and not limitative to
the scope of the disclosure. Therefore, the scopes of the
disclosure are defined by the accompanying claims.

[0092] The present application claims the priority of the
Chinese Patent Application No. 201610999302.3 filed on
Nov. 14, 2016, the entirety of which is incorporated herein
by reference as a part of the present application.

1. A substrate for an organic light-emitting device, com-

prising:

a base substrate;

a pixel definition layer on the base substrate, wherein the
pixel definition layer defines a plurality of pixel
regions, each of the pixel regions comprises a top
opening and a lower opening along a thickness direc-
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tion of the base substrate, the lower opening is in the
top opening so that each of the pixel regions comprises
a slope extending from the top opening to the lower
opening, and boundaries of the top openings adjacent to
each other are intersected with each other; and

an organic light-emitting device in each of the pixel

regions.

2. The substrate for an organic light-emitting device
according to claim 1, wherein the organic light-emitting
device comprises an anode in the lower opening of the pixel
region, an organic light-emitting layer on the anode, and a
cathode on the organic light-emitting layer.

3. The substrate for an organic light-emitting device
according to claim 2, wherein the pixel definition layer is on
the anode, and the anode is partially exposed by the lower
opening in each of the pixel regions.

4. The substrate for an organic light-emitting device
according to claim 1, wherein a slope angle of the slope of
the pixel definition layer in each of the pixel regions ranges
from 5 degrees to 25 degrees.

5. The substrate for an organic light-emitting device
according to claim 2, wherein cathodes of organic light-
emitting devices in the pixel regions adjacent to each other
are electrically connected to each other.

6. The substrate for an organic light-emitting device
according to claim 1, wherein the organic light-emitting
device is configured to emit at least one of red light, green
light or blue light.

7. The substrate for an organic light-emitting device
according to claim 1, further comprising spacers spaced
apart from each other on the pixel definition layer.

8. The substrate for an organic light-emitting device
according to claim 7, wherein the spacers are symmetrical
with respect to positions of the boundaries of the top
openings adjacent to each other.

9. The substrate for an organic light-emitting device
according to claim 1, further comprising a driving circuit
layer, wherein the driving circuit layer comprises driving
transistors, and each of the driving transistors is electrically
connected with the organic light-emitting device in each of
the pixel regions correspondingly to drive the organic light-
emitting device.

10. An organic light-emitting display device, comprising
the substrate for an organic light-emitting device according
to claim 1.

11. A manufacturing method of a substrate for an organic
light-emitting device, comprising:

providing a base substrate;

forming a pixel definition layer on the base substrate,

wherein the pixel definition layer defines a plurality of
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pixel regions, each of the pixel regions comprises a top
opening and a lower opening along a thickness direc-
tion of the base substrate, the lower opening is formed
in the top opening so that each of the pixel regions
comprises a slope extending from the top opening to
the lower opening, and boundaries of the top openings
adjacent to each other are intersected with each other;
and

forming an organic light-emitting device in each of the

pixel regions.

12. The manufacturing method according to claim 11,
wherein the organic light-emitting device comprises an
anode formed in the lower opening of the pixel region, an
organic light-emitting layer formed on the anode, and a
cathode formed on the organic light-emitting layer.

13. The manufacturing method according to claim 11,
wherein the pixel definition layer is formed on the base
substrate in an exposure mode with different gray scales, so
that each of the pixel regions comprises the slope extending
from the top opening to the lower opening.

14. The manufacturing method according to claim 11,
wherein an anode, an organic light-emitting layer, and a
cathode of the organic light-emitting device are formed in
this order in each of the pixel regions.

15. The manufacturing method according to claim 14,
wherein the organic light-emitting layer is formed by evapo-
rating with an evaporation mask, and an opening of the
evaporation mask is identical to or is substantially identical
to the top opening of each of the pixel regions.

16. The substrate for an organic light-emitting device
according to claim 2, wherein a slope angle of the slope of
the pixel definition layer in each of the pixel regions ranges
from 5 degrees to 25 degrees.

17. The substrate for an organic light-emitting device
according to claim 3, wherein a slope angle of the slope of
the pixel definition layer in each of the pixel regions ranges
from 5 degrees to 25 degrees.

18. The substrate for an organic light-emitting device
according to claim 2, wherein the organic light-emitting
device is configured to emit at least one of red light, green
light or blue light.

19. The manufacturing method according to claim 12,
wherein an anode, an organic light-emitting layer, and a
cathode of the organic light-emitting device are formed in
this order in each of the pixel regions.

20. The manufacturing method according to claim 13,
wherein an anode, an organic light-emitting layer, and a
cathode of the organic light-emitting device are formed in
this order in each of the pixel regions.
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