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S1 _~ forming a first pixel defining layer on a base
substrate

forming an auxiliary cathode on the first pixel
82~ defining layer and forming an anode in a pixel
region defined by the first pixel defining layer

S3 «_~ forming a second pixel defining layer on the
auxiliary cathode

84 _~ forming an organic light emitting diode

functional layer and a cathode on the anode,

the cathode being connected to the auxiliary
cathode

FIG. 1

FIG. 2
202
13 &\ / 14 15
E R A ‘ A Z 7T E
/ \

11/ 201 \ 12

FIG. 3



U.S. Patent Apr. 7, 2020 Sheet 2 of 3 US 10,615,231 B2

13 . y .
A\ )\ /7 e
- \ \ 7 —
/ \
i/ \ 2
FIG. 4
13 17 16 " , y
LN o
' \
’ \
-/ 2
FIG. 5
= 5]
dr/de/de 5 WL e
" dP‘I
/ \

FIG. 6



U.S. Patent Apr. 7, 2020 Sheet 3 of 3 US 10,615,231 B2

13 17 16 19 14 18 15

N AN S
0 77

FIG. 7
13 17 16 19 14 18 15
I V.
:w.%%w.% :\:':':':':““” ...:.:.:.:.:. .... o P = o o EEEEEN [ o vdz
.:. _:. _:. .:. _:. \ .:. _:. _:. _. .:. _:. :. .:. _:. _:. .:. D 1] :. .:. _:. _:. .:. _: _:. .:. _:. _:. ...... A

FIG. 8



US 10,615,231 B2

1
ORGANIC LIGHT EMITTING DIODE
SUBSTRATE, METHOD FOR
MANUFACTURING THE SAME, AND
DISPLAY PANEL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Chinese
Patent Application No. 2017108523538 filed on Sep. 20,
2017 in the State Intellectual Property Office of China, the
disclosure of which is incorporated herein by reference in
entirety.

BACKGROUND

Technical Field

Embodiments of the present disclosure relate to the field
of display technology, and in particular, to an organic light
emitting diode substrate, a method for manufacturing an
organic light emitting diode substrate, and a display panel.

Description of the Related Art

In the field of display technology, CRT display devices
have been gradually replaced by liquid crystal display
(LCD) devices and organic light emitting diode (OLED)
display devices. Due to high brightness, high color satura-
tion, lightness and thinness, flexibility, low cost and the like
of the OLED display device, it is expected to become
dominant in the next generation of flat panel display tech-
nology after LCD display technology, and it has been one of
the most popular technology branches in the flat panel
display technology. An active matrix organic light emitting
diode (AMOLED) display device is a type of OLED display
device and it is mainly composed of thin film transistors
(TFTs) and OLED:s.

Depending on the light emitting direction, the OLED
substrates can be classified into three types: a bottom-
emitting OLED, a top-emitting OLED, and a double-sided
emitting OLED. Specifically, the light is emitted from a
substrate in the bottom-emitting OLED, the light is emitted
from the top in the top-emitting OLED, and the light is
emitted from both the substrate and the top simultaneously
in the double-sided emitting OLED. Among them, compared
with the bottom-emitting OLED, the top-emitting OLED has
the advantages of high aperture ratio, high color purity, and
easy realization of high resolution (Pixels per inch, PPI),
thus the top-emitting OLED has become the current main-
stream organic electroluminescent device structure.

For the top-emitting OLED, since the light is emitted from
a cathode side, the design of the cathode has a very signifi-
cant effect on display performance.

SUMMARY

An embodiment of the present disclosure provides an
organic light emitting diode substrate, comprising:

a base substrate;

a pixel defining layer on the base substrate; and

an anode, an organic light emitting diode functional layer
and a cathode in a pixel region,

wherein the pixel defining layer comprises a first pixel
defining layer, an auxiliary cathode and a second pixel
defining layer sequentially stacked, the auxiliary cathode
being connected to the cathode.
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As an alternative embodiment, a thickness of the cathode
1s less than a thickness of the auxiliary cathode.

As an alternative embodiment, the anode and the auxiliary
cathode are formed in one same process.

As an alternative embodiment, the cathode has a thickness
of 6 to 10 nm.

As an alternative embodiment, the auxiliary cathode com-
prises a first transparent electrically conductive layer, a
metal layer, and a second transparent electrically conductive
layer sequentially stacked.

As an alternative embodiment, the first transparent elec-
trically conductive layer has a thickness of 5 to 20 nm, the
metal layer has a thickness of 130 to 170 nm, and the second
transparent electrically conductive layer has a thickness of 5
to 20 nm.

As an alternative embodiment, the organic light emitting
diode functional layer comprises a red organic light emitting
diode functional layer having a thickness of dg, a green
organic light emitting diode functional layer having a thick-
ness of d;, and a blue organic light emitting diode functional
layer having a thickness of d, and dz>dp,-d,-d ,-d ;-
dy; dg<dpy; dp>ds>ds,

where dp, is a thickness of the first pixel defining layer,
d,, is a thickness of the first transparent electrically con-
ductive layer, d, is a thickness of the metal layer, d 5 is a
thickness of the second transparent electrically conductive
layer, and d, is a thickness of the cathode.

As an alternative embodiment, the auxiliary cathode is
formed from a transparent electrically conductive layer.

As an alternative embodiment, the transparent electrically
conductive layer has a thickness of 160 to 170 nm.

As an alternative embodiment, the organic light emitting
diode functional layer comprises a red organic light emitting
diode functional layer having a thickness of dg, a green
organic light emitting diode functional layer having a thick-
ness of d g, and a blue organic light emitting diode functional
layer having a thickness of d, and d;>d,,-d~d,; dp<d,;
dp>dg>ds,

where d, is a thickness of the first pixel defining layer, d,,
is a thickness of the transparent electrically conductive layer,
and d is a thickness of the cathode.

As an alternative embodiment, the first pixel defining
layer has a thickness of 300 to 350 nm, and a slope angle of
an edge of the first pixel defining layer and a slope angle of
an edge of the second pixel defining layer are 85° to 90°.

An embodiment of the present disclosure provides a
display panel, comprising the organic light emitting diode
substrate according to the above embodiments.

An embodiment of the present disclosure provides a
method for manufacturing an organic light emitting diode
substrate, comprising:

forming a first pixel defining layer on a base substrate;

forming an auxiliary cathode on the first pixel defining
layer and forming an anode in a pixel region defined by the
first pixel defining layer;

forming a second pixel defining layer on the auxiliary
cathode; and

forming an organic light emitting diode functional layer
and a cathode on the anode, the cathode being connected to
the auxiliary cathode.

As an alternative embodiment, the formed cathode has a
thickness less than a thickness of the auxiliary cathode.

As an alternative embodiment, the anode and the auxiliary
cathode are formed by one same process.

As an alternative embodiment, forming the first pixel
defining layer on the base substrate comprises: depositing a
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pixel defining film on the base substrate; and exposing,
developing and etching the pixel defining film to form the
first pixel defining layer, and

wherein the first pixel defining layer has a thickness of
300 nm to 350 nm, and an edge of the first pixel defining
layer has a slope angle of 85° to 90°.

As an alternative embodiment, forming the auxiliary
cathode on the first pixel defining layer and forming the
anode in the pixel region defined by the first pixel defining
layer comprises:

depositing a first transparent electrically conductive layer,
a metal layer, and a second transparent electrically conduc-
tive layer sequentially on the first pixel defining layer and
the pixel region defined by the first pixel defining layer to
form the auxiliary cathode on the first pixel defining layer
and the anode in the pixel region defined by the first pixel
defining layer.

As an alternative embodiment, forming the auxiliary
cathode on the first pixel defining layer and forming the
anode in the pixel region defined by the first pixel defining
layer comprises:

depositing a transparent electrically conductive layer on
the first pixel defining layer and the pixel region defined by
the first pixel defining layer to form the auxiliary cathode on
the first pixel defining layer and the anode in the pixel region
defined by the first pixel defining layer.

As an alternative embodiment, forming the organic light
emitting diode functional layer and the cathode on the anode
comptrises:

forming a red organic light emitting diode functional layer
having a thickness of d, a green organic light emitting diode
functional layer having a thickness of d, and a blue organic
light emitting diode functional layer having a thickness of d
respectively on the anode in different pixel regions, and
dp>dpy—d 1 —dp=d 5=dy dg<dp; dp>d>dp,

where d, is a thickness of the first pixel defining layer,
d,, is a thickness of the first transparent electrically con-
ductive layer, d, is a thickness of the metal layer, d; is a
thickness of the second transparent electrically conductive
layer, and d, is a thickness of the cathode.

As an alternative embodiment, forming the organic light
emitting diode functional layer and the cathode on the anode
comprises:

forming a red organic light emitting diode functional layer
having a thickness of d, a green organic light emitting diode
functional layer having a thickness of d;, and a blue organic
light emitting diode functional layer having a thickness of d
respectively on the anode in different pixel regions, and
dp>dpy—dy=dy; dp<dp;; dg>ds>ds,

where d, is a thickness of the first pixel defining layer, d.,
is a thickness of the transparent electrically conductive layer,
and dy is a thickness of the cathode.

Of course, it is not necessary to have all the above
technical features to implement any of the products or
methods according to the embodiments of the present dis-
closure. Other features and advantages of the embodiments
of the present disclosure will be set forth with reference to
the following embodiments of the specification, and they
will be obvious from the description of the embodiments of
the specification or be understood through the disclosure of
the embodiments of the present disclosure. Objectives and
other advantages of the embodiments of the present disclo-
sure can be realized and obtained by the structures particu-
larly set forth in the specification, the claims and the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings are used to provide a further understanding
of the embodiments of the present disclosure, and they are
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provided as a part of the specification and serve for explain-
ing the present disclosure together with the embodiments of
the present disclosure, but they are not intended to limit the
present disclosure. Shapes and sizes of the various compo-
nents in the drawings do not reflect their real scale, and they
are merely intended to exemplarily illustrate the embodi-
ments of the present disclosure.

FIG. 1 is a flow chart of a method for manufacturing an
organic light emitting diode substrate according to an
embodiment of the present disclosure;

FIG. 2 is a schematic view of a structure with a pattern of
a first pixel defining layer formed in a method for manu-
facturing an organic light emitting diode substrate according
to an embodiment of the present disclosure;

FIG. 3 is a schematic view of a structure with patterns of
an anode and an auxiliary cathode formed in a method for
manufacturing an organic light emitting diode substrate
according to an embodiment of the present disclosure;

FIG. 4 is a schematic view of a structure with a pattern of
a second pixel defining layer formed in a method for
manufacturing an organic light emitting diode substrate
according to an embodiment of the present disclosure;

FIG. 5 is a schematic view of a structure with patterns of
an organic light emitting diode functional layer and a
cathode formed in a method for manufacturing an organic
light emitting diode substrate according to an embodiment
of the present disclosure;

FIG. 6 is an enlarged view of a pixel region in the
structure of FIG. 5;

FIG. 7 is a schematic view of a structure with a pattern of
an encapsulation layer formed in a method for manufactur-
ing an organic light emitting diode substrate according to an
embodiment of the present disclosure; and

FIG. 8 is a schematic structural view of an organic light
emitting diode substrate according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

The present disclosure will be further described in detail
below with reference to the accompanying drawings and the
embodiments. The following embodiments are intended to
describe the present disclosure, rather than limit the scope of
the present disclosure. It should be noted that the embodi-
ments and the features in the embodiments of the present
disclosure may be combined with each other unless they are
contradicted.

For the top-emitting OLED, since the light is emitted from
a cathode side, the cathode is required to have good light
transmittance and electrical conductivity, however it is very
difficult to balance the light transmittance and the electrical
conductivity. For example, in order to meet requirements on
light transmittance, the cathode is necessarily required to be
thin, but in this case, the cathode has a relatively large
resistance, which not only causes voltage and power con-
sumption to increase, but also causes non-uniform voltage
distribution across the cathode, resulting in non-uniform
brightness. In order to meet requirements on the conductiv-
ity, the cathode is necessarily required to be thick, but in this
case, the cathode has a low transmittance, thereby resulting
in color shift associated with viewing angle.

Therefore, it is a technical problem to be urgently solved
in the art how to simultaneously improve the light transmit-
tance and the electrical conductivity in the structure design
of top-emitting OLED. The technical problem to be solved
by the embodiments of the present disclosure is to provide
an organic light emitting diode substrate, a method for
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manufacturing an organic light emitting diode substrate, and
a display panel to simultaneously improve the light trans-
mittance and the electrical conductivity.

In order to simultaneously improve the light transmittance
and the electrical conductivity of the top-emitting OLED, an
embodiment of the present disclosure provides a method for
manufacturing an organic light emitting diode substrate.
FIG. 1 is a flow chart of a method for manufacturing an
organic light emitting diode substrate according to an
embodiment of the present disclosure. As shown in FIG. 1,
the method for manufacturing the organic light emitting
diode substrate includes:

S1: forming a first pixel defining layer on a base substrate;

S2: forming an auxiliary cathode on the first pixel defin-
ing layer and forming an anode in a pixel region defined by
the first pixel defining layer;

S3: forming a second pixel defining layer on the auxiliary
cathode; and

S4: forming an organic light emitting diode (OLED)
functional layer and a cathode on the anode, the cathode
being connected to the auxiliary cathode.

The step S1 includes: depositing a pixel defining film on
the base substrate; and exposing, developing and etching the
pixel defining film to form the first pixel defining layer. The
first pixel defining layer has a thickness of 300 nm to 350
nm, and an edge of the first pixel defining layer has a slope
angle of 85° to 90°.

In an embodiment, the step S2 includes: sequentially
depositing a first transparent electrically conductive layer
having a thickness of 5 to 20 nm, a metal layer having a
thickness of 130 to 170 nm, and a second transparent
electrically conductive layer having a thickness of 5 to 20
nm on the structure obtained in the step S1, so as to form an
anode in a pixel region defined by the first pixel defining
layer and an auxiliary cathode on the first pixel defining
layer. Specifically, the first transparent electrically conduc-
tive layer, the metal layer and the second transparent elec-
trically conductive layer deposited in the pixel region serve
as the anode, and the first transparent electrically conductive
layer, the metal layer and the second transparent electrically
conductive layer deposited on the first pixel defining layer
serve as the auxiliary cathode.

In another embodiment, the step S2 includes: depositing
a transparent electrically conductive layer having a thickness
of 160 to 170 nm on the structure obtained in the step S1, so
as to form an anode in a pixel region defined by the first pixel
defining layer and an auxiliary cathode on the first pixel
defining layer.

The step S3 includes: depositing a pixel defining film on
the structure obtained in the step S2; and exposing, devel-
oping, and etching the pixel defining film to form the second
pixel defining layer, wherein an edge of the second pixel
defining layer has a slope angle of 85° to 90°, and an
orthographic projection of the second pixel defining layer on
the base substrate overlaps with an orthographic projection
of the first pixel defining layer on the base substrate.
Specifically, the second pixel defining layer is formed on the
auxiliary cathode.

The step S4 includes:

S41: forming the organic light emitting diode (OLED)
functional layer in the pixel region, the organic light emit-
ting diode functional layer including a functional layer and
an organic light emitting layer;

S42: forming the cathode on the organic light emitting
diode functional layer, the cathode being connected to the
auxiliary cathode.
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The step S41 includes: sequentially forming a red organic
light emitting diode functional layer having a thickness of
dz, a green organic light emitting diode functional layer
having a thickness of d;, and a blue organic light emitting
diode functional layer having a thickness of d in different
pixel regions; and

dp>dp =dyy=d o=d,5-dy dp<dpy; dg>d>dg: or

dp>dp -d,~dy; dg<dp,; dg>dg>dy.

where d,, is a thickness of the first pixel defining layer,
d,, is a thickness of the first transparent electrically con-
ductive layer, d, is a thickness of the metal layer, d; is a
thickness of the second transparent electrically conductive
layer, d,, is a thickness of the transparent electrically con-
ductive layer, and d; is a thickness of the cathode.

The step S42 includes: forming a cathode having a
thickness of 6-10 nm on the organic light emitting diode
functional layer, the cathode being connected to the auxil-
iary cathode.

In the method for manufacturing the organic light emit-
ting diode substrate according to the embodiments of the
present disclosure, a relatively thick auxiliary cathode is
formed between two pixel defining layers, a relatively thin
cathode is formed in the pixel region, and the cathode is
connected to the auxiliary cathode. In this way, it not only
effectively improves the problem of color shift associated
with viewing angle, but also makes voltage distribution of
the cathode uniform, thereby resulting in a high brightness
uniformity. Since the auxiliary cathode between the two
pixel defining layers is thicker, the resistance of the cathode
is relatively small, which will not cause voltage and power
consumption to increase, and it contributes to a uniform
voltage distribution across the cathode, thereby avoiding the
non-uniform brightness. In addition, since the thicker aux-
iliary cathode is located between the two pixel defining
layers, it does not raise a requirement on light transmittance
at that position. Since the cathode formed in the pixel region
is thinner, the light transmittance is good, thereby avoiding
color shift associated with viewing angle.

An embodiment of the present disclosure will be further
described below with reference to the manufacturing pro-
cesses of the organic light emitting diode substrate. The
“patterning process” in this embodiment includes a process
of depositing a film layer, coating a photoresist, exposing
with a mask, developing, etching, stripping a photoresist,
and the like, which are known developed manufacturing
processes. The depositing may be carried out by a known
process such as sputtering, evaporation, or chemical vapor
deposition, the coating may be carried out by a known
coating process, and the etching may be carried out by a
known method. They will not be specifically limited herein.

FIGS. 2 to 7 are schematic views of structures formed in
the method for manufacturing the organic light emitting
diode substrate according to an embodiment of the present
disclosure. The method for manufacturing the organic light
emitting diode substrate according to this embodiment will
be described in detail below with reference to FIGS. 2 to 7.

(1) A pattern of a driving structure layer 12 is formed on
a base substrate 11 by a patterning process. In this embodi-
ment, the driving structure layer 12 includes Thin Film
Transistors (TFTs), and the structure and the manufacturing
process of the driving structure layer are the same as the
known manufacturing process. For example, the manufac-
turing process may include: cleaning the base substrate
firstly, and then sequentially manufacturing a gate electrode,
an insulating layer, an active layer, a source electrode, a
drain electrode, and a planarization layer on the base sub-
strate by patterning processes. The material of the base
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substrate may be selected from glass, quartz, polyethylene
terephthalate (PET) or a polymeric soft film undergoing a
surface treatment, etc. The thin film transistor may be of a
bottom gate structure or a top gate structure, it may be an
amorphous silicon (a-Si) thin film transistor, or a low
temperature polysilicon (LTPS) thin film transistor or an
oxide thin film transistor, which is not specifically limited
herein.

(2) A pattern of a first pixel defining layer is formed on the
base substrate on which the aforementioned pattern has been
formed. Forming the pattern of the first pixel defining layer
includes: depositing a pixel defining film on the base sub-
strate on which the aforementioned pattern is formed, expos-
ing and developing the pixel defining film by using a
monotone mask, and etching the pixel defining film to form
a first pixel defining layer 13, an edge of the pattern of the
pixel defining layer 13 having a slope angle of 85° to 90°,
as shown in FIG. 2. The pattern of the first pixel defining
layer 13 is used to define a plurality of pixel regions
exposing light emitting regions. In this embodiment, the
slope angle of the edge of the pattern of the first pixel
defining layer refers to an included angle between the edge
of the pattern of the first pixel defining layer and the base
substrate.

In this embodiment, the pixel defining film may be made
from polyimide, acrylic or polyethylene terephthalate by
chemical vapor deposition (CVD), and the formed first pixel
defining layer 13 may have a thickness d, of 300 nm to 350
nm. As an example, the thickness d, of the first pixel
defining layer 13 is 330 nm. After exposing and developing,
a dry etching process may be adopted. Due to high etching
precision of the dry etching process, the slope angle of the
edge of the pattern of the first pixel defining layer may be
controlled.

(3) Patterns of an anode and an auxiliary cathode are
formed on the base substrate on which the aforementioned
patterns have been formed. Forming the patterns of the
anode and the auxiliary cathode includes: sequentially
depositing a first transparent electrically conductive layer
201, a metal layer 202, and a second transparent electrically
conductive layer 203 on the base substrate on which the
aforementioned patterns are formed, forming the pattern of
the anode 14 in the pixel region defined by the first pixel
defining layer 13, forming the pattern of the auxiliary
cathode 15 on the first pixel defining layer 13, as shown in
FIG. 3. The anode 14 and the auxiliary cathode 15 are in the
same structural layer, including the first transparent electri-
cally conductive layer 201, the metal layer 202, and the
second transparent electrically conductive layer 203 which
are sequentially stacked.

The included angle between a surface of the pattern of the
first pixel defining layer 13 and the edge of the pattern of the
first pixel defining layer is close to a right angle when the
pattern of the first pixel defining layer 13 is formed. That is,
a edge contour of the first pixel defining layer is almost
perpendicular to an upper surface thereof and the base
substrate. Therefore, the deposited transparent electrically
conductive layer and metal layer are broken at the edge of
the pixel defining layer, so that the electrically conductive
layer on the first pixel defining layer and the electrically
conductive layer in the pixel region defined by the first pixel
defining layer are isolated from each other, thereby the
pattern of the anode 14 is formed in the pixel region and the
pattern of the auxiliary cathode 15 is formed on the first
pixel defining layer.

In this embodiment, the first transparent electrically con-
ductive layer, the metal layer and the second transparent
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electrically conductive layer may be sequentially deposited
by a sputtering method. The first transparent electrically
conductive layer has a thickness d ;; of 5 to 20 nm, the metal
layer has a thickness d,, of 130 to 170 nm, and the second
transparent electrically conductive layer has a thickness d ;
of 5 to 20 nm. As an example, the thickness d,; of the first
transparent electrically conductive layer is 5 to 10 nm, the
thickness d ,, of the metal layer is 150 nm, and the thickness
d ; of the second transparent electrically conductive layer is
510 10 nm. The first transparent electrically conductive layer
and the second transparent electrically conductive layer may
be made of Indium Tin Oxide (ITO), Indium Zinc Oxide
(1Z0), or the like. The metal layer may be made of one of
magnesium (Mg), silver (Ag). aluminum (Al), copper (Cu),
lithium (Li), and the like, or an alloy of the above metal
materials, such as magnesium alloy (MgxAg(1-x)), lithium
alloy (LixAl(1-x), LixCa(1-x), LixAg(1-x)) and so on.

(4) A pattern of a second pixel defining layer 16 is formed
on the base substrate on which the aforementioned patterns
have been formed, the pattern of the second pixel defining
layer 16 is the same as the pattern of the first pixel defining
layer 13. That is, an orthographic projection of the second
pixel defining layer 16 on the base substrate 11 overlaps with
an orthographic projection of the first pixel defining layer 13
on the base substrate 11, as shown in FIG. 4. In this
embodiment, the manner of forming the second pixel defin-
ing layer is the same as the manner of forming the first pixel
defining layer, therefore it will not be described herein again.

(5) Patterns of an organic light emitting diode functional
layer 17 and a cathode 18 are formed on the base substrate
on which the aforementioned patterns have been formed.
The patterns of the organic light emitting diode functional
layer 17 and the cathode 18 are both formed in the pixel
region defined by the patterns of the first pixel defining layer
13 and the second pixel defining layer 16, and the cathode
18 is connected to the auxiliary cathode 15, as shown in FIG.
5. As an example, the cathode 18 is connected to the metal
layer of the auxiliary cathode 15. The cathode 18 has a
thickness of 6 to 10 nm. As an example, the thickness of the
cathode 18 is 8 nm. In this embodiment, the functional layer
and the organic light emitting layer of the organic light
emitting diode functional layer may be manufactured by
coating, spin-coating or ink-jet printing, and the cathode
may be manufactured by vacuum evaporation.

In this embodiment, the organic light emitting diode
functional layer 17 includes a hole injection layer (HIL), a
hole transport layer (HTL), an electron blocking layer
(EBL), an organic light emitting layer (EML), a hole block-
ing layer (HBL), an electron transport layer (ETL) and an
electron injection layer (EIL). The organic light emitting
layer includes a red light emitting layer (REML), a green
light emitting layer (GEML), and a blue light emitting layer
(BEML). In an actual implementation, the organic light
emitting diode functional layer may also be arranged in
other structural forms, and the light emitting layer may also
be composed of light emitting layers with other colors, and
they will not be specifically limited herein. The cathode may
be made of one of magnesium (Mg), silver (Ag), aluminum
(Al), copper (Cu), lithium (Li), and the like, or an alloy of
the above metal materials, such as magnesium alloy
(MgxAg(1-x)), lithium alloy (LixAl(1-x), LixCa(1-x),
LixAg(1-x)) and so on.

In this embodiment, in order to realize the connection of
the cathode 18 and the auxiliary cathode 15, the thicknesses
of various film layers in the organic light emitting diode
functional layer needs to satisfy some relevant conditions.
FIG. 6 is an enlarged view of a pixel region in the structure
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of FIG. 5, illustrating the thicknesses of the various film
layers. Herein, dj, is the thickness of the first pixel defining
layer, d, is the thickness of the cathode, the thickness d,, of
the anode 14 and the thickness d., of the auxiliary cathode 15
are each equal to d ,,+d ,,+d 5, where d,, | is the thickness of
the first transparent electrically conductive layer, d, is the
thickness of the metal layer, and d ; is the thickness of the
second transparent electrically conductive layer. dg, d.;, dg
are respectively the thicknesses of the red, green, and blue
organic light emitting diode functional layers. The thickness
d; of the red organic light emitting diode functional
layer=the thickness of the hole injection layer (HIL)+the
thickness of the hole transport layer (HTL)+the thickness of
the electron blocking layer (EBL)+the thickness of the red
light emitting layer (REML)+the thickness of the hole
blocking layer (HBL)+the thickness of the electron transport
layer (ETL)+the thickness of the electron injection layer
(EIL). The thickness d; of the green organic light emitting
diode functional layer=the thickness of the hole injection
layer (HIL )+the thickness of the hole transport layer (HTL)+
the thickness of the electron blocking layer (EBL)+the
thickness of the green light emitting layer (GEML)+the
thickness of the hole blocking layer (HBL)+the thickness of
the electron transport layer (ETL)+the thickness of the
electron injection layer (EIL). The thickness dj of the blue
organic light emitting diode functional layer=the thickness
of the hole injection layer (HIL)+the thickness of the hole
transport layer (HTL)+the thickness of the electron blocking
layer (EBL)+the thickness of the blue light emitting layer
(BEML)+the thickness of the hole blocking layer (HBL)+
the thickness of the electron transport layer (ETL)+the
thickness of the electron injection layer (EIL).

In this embodiment, the various film layers need to satisfy
the following conditions:

D dytdzrd > dp;

That is, dg>d,,-d,~d,=d, -d-d ,~d ;-d,.

% d+dp<d,, +d,, that is, dg<d,.
dp>ds>ds.

As an example, the various film layers need to satisfy the
following conditions:

d+dg>dp,+d,,, that is, dg>dy +d,,—d~=d, -d,, -
dAZ_dAS'

d+dy+dy<dp +d, that is, dp<dp,-d;.
% dg>d>dg.

Further, as an example, in order to realize the connection
of the cathode 18 and the metal layer of the auxiliary cathode
15, the various film layers need to satisfy the following
conditions:

@ dztdp>dp +d,,. that is, dp>dp+d,,-d=dp-d,n-
dgs.

() dptdetdy<dp +d, +d,, that is, dp<dp +d,+d,-
dy-dy=dp,~d ;5-dy.

® de=de>ds.

In an actual implementation, the thicknesses of the vari-
ous film layers in this embodiment may be set according to
the following table:

dpy dyy dyg dgs EML dy
dp 330 nm 7 nm 150 nm 7 nm 200 nm 8 nm
de 250 nm
dp 300 nm

The thicknesses of the red, green and blue light emitting
layers may be set according to the following table:
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HIL HTL EBL EML  HBL ETL EIL
dp 10nm 115nm  10nm 20nm  10nm 30nm 5nm
ds 50nm 30 nm
dp 90 nm 40 nm

(6) An encapsulation material is applied to the base
substrate on which the aforementioned patterns have been
formed to form an encapsulation layer 19, as shown in FIG.
7.

In an actual implementation, a light extraction layer (e.g.,
circular polarizer layer (CPL)) may be formed on the cath-
ode, and the light extraction layer has a thickness of 50 to 70
nm. As an example, the thickness of the light extraction layer
is 60 nm.

It can be seen from the above manufacturing processes
that, in the structure of the organic light emitting diode
substrate according to this embodiment, a relatively thick
auxiliary cathode is formed between two pixel defining
layers, arelatively thin cathode is formed in the pixel region,
and the cathode is connected to the auxiliary cathode. Since
the cathode in the pixel region is relatively thin, the light
transmittance is high, and the color shift associated with
viewing angle is effectively suppressed. The auxiliary cath-
ode between the two pixel defining layers is relatively thick,
thus the resistance is small, which not only avoids voltage
and power consumption increase, but also contributes to a
uniform voltage distribution across the cathode in the vari-
ous pixel regions, thereby resulting in a high brightness
uniformity. In a prior structure, the cathode is usually
composed of a monolithic film structure. Since the film is
thin and the resistance is large, it is necessary for peripheral
driving circuit to apply a high voltage, so as to ensure the
voltage of the cathode located in a central display region.
Furthermore, since the pixel regions are located at different
positions, the voltages on the cathodes are also different,
resulting in non-uniform voltage distribution. In this
embodiment, by providing an auxiliary cathode with a larger
thickness, it functions as a transmission line for directing the
voltage of the peripheral driving circuit to the vicinty of
each cathode and then transmitting it to the cathode, there-
fore the voltages on the cathodes are completely the same,
and the voltage distribution is uniform, thereby a higher
brightness uniformity is achieved. Meanwhile, the voltage
and power consumption increase is avoided. Since the
auxiliary cathode functioning as a transmission line is pro-
vided, the cathode may be set to be thin, and therefore the
light transmittance can be maximized, thereby the color shift
associated with viewing angle can be improved as far as
possible. Therefore, compared with the conventional struc-
ture, this embodiment simultaneously improves the light
transmittance and the electrical conductivity of the OLED.

In this embodiment, although it needs to manufacture the
pixel defining layers twice, only one mask is needed. The
manufacturing of other layers is similar to the prior art.
Therefore, the manufacturing method of this embodiment
has less modification to the existing process, and it has
simple processes, it is easy to be implemented, and has a
good application prospect.

The organic light emitting diode substrate manufactured
by the manufacturing method of this embodiment includes:

a base substrate 11;

a driving structure layer 12 disposed on the base substrate
11,

a pixel defining layer disposed on the driving structure
layer 12 and configured to define a pixel region, wherein the
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pixel defining layer includes a first pixel defining layer 13,
a auxiliary cathode 15 and a second pixel defining layer 16
which are sequentially stacked;

an anode 14 disposed in the pixel region;

an organic light emitting diode functional layer 17 dis-
posed on the anode 14;

a cathode 18 disposed on the organic light emitting diode
functional layer 17, the cathode 18 being connected to the
auxiliary cathode 15;

an encapsulation layer 19 covering the above patterns.

The anode 14 and the auxiliary cathode 15 have the same
structural layers, and they each include a first transparent
electrically conductive layer having a thickness of 5 to 20
nm, a metal layer having a thickness of 130 to 170 nm, and
a second transparent electrically conductive layer having a
thickness of 5 to 20 nm. As an example, the anode 14 and
the auxiliary cathode 15 are formed in one and the same
process, and the cathode 18 is connected to the metal layer
of the auxiliary cathode 15.

The first pixel defining layer has a thickness of 300 to 350
nm, and a slope angle of an edge of the first pixel defining
layer 13 and a slope angle of an edge of the second pixel
defining layer 16 are 85° to 90°. The cathode has thickness
of 6 to 10 nm.

The organic light emitting diode functional layer includes
a red organic light emitting diode functional layer having a
thickness of dg, a green organic light emitting diode func-
tional layer having a thickness of d;, and a blue organic light
emitting diode functional layer having a thickness of d, and
d>dp =dpy=d j =d5=dy; dx<dpy; dp>d>ds,

where d, is a thickness of the first pixel defining layer,
d,, is a thickness of the first transparent electrically con-
ductive layer, d, is a thickness of the metal layer, d, is a
thickness of the second transparent electrically conductive
layer, and dy is a thickness of the cathode.

In an actual implementation, the driving structure layer
includes thin film transistors disposed on the base substrate.
Drain electrodes of the thin film transistors are electrically
connected to the anode. The thin film transistors may be
switched on row by row by means of gate scanning signal.
Data voltages may be transmitted from the thin film tran-
sistors to the anode, and the anode and the cathode cooperate
to form a voltage difference that drives the organic light
emitting layer to emit light, thereby achieving autonomous
light emission.

FIG. 8 is a schematic structural view of an organic light
emitting diode substrate according to another embodiment
of the present disclosure. The main structure of the organic
light emitting diode substrate according to this embodiment
is the same as those of the embodiments described above,
except that the anode 14 and the auxiliary cathode 15 of this
embodiment are formed of only a transparent electrically
conductive layer having a thickness of 140 to 210 nm. As an
example, the thickness of the transparent electrically con-
ductive layer is 160 to 170 nm.

The processes of manufacturing the organic light emitting
diode substrate in this embodiment are also similar to those
of the embodiments described above, except that the trans-
parent electrically conductive layer is deposited by sputter-
ing after the pattern of the first pixel defining layer is
manufactured, to form the pattern of the anode 14 in the
pixel region and the pattern of the auxiliary cathodes 15 on
the first pixel defining layer, and the anode 14 and the
auxiliary cathode 15 only include the transparent electrically
conductive layer.
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The material, the thickness, and the thickness relationship
of various film layers may refer to the embodiments
described above, and they will not be described herein again.

The organic light emitting diode substrate manufactured
by the manufacturing method of this embodiment includes:

a base substrate 11;

a driving structure layer 12 disposed on the base substrate
11;

a pixel defining layer disposed on the driving structure
layer 12 and configured to define a pixel region, wherein the
pixel defining layer includes a first pixel defining layer 13,
an auxiliary cathode 15 and a second pixel defining layer 16
which are sequentially stacked,

an anode 14 disposed in the pixel region;

an organic light emitting diode functional layer 17 dis-
posed on the anode 14;

a cathode 18 disposed on the organic light emitting diode
functional layer 17, the cathode 18 being connected to the
auxiliary cathode 15;

an encapsulation layer 19 covering the above patterns.

The anode 14 and the auxiliary cathode 15 have the same
structural layer, and they each include a transparent electri-
cally conductive layer having a thickness of 140 to 210 nm.
As an example, the anode 14 and the auxiliary cathode 15
are formed in one and the same process.

The first pixel defining layer has a thickness 0f 300 to 350
nm, and a slope angle of an edge of the first pixel defining
layer 13 and a slope angle of an edge of the second pixel
defining layer 16 are 85° to 90°. The cathode has the
thickness of 6 to 10 nm.

The organic light emitting diode functional layer includes
a red organic light emitting diode functional layer having a
thickness of d, a green organic light emitting diode func-
tional layer having a thickness of d;, and a blue organic light
emitting diode functional layer having a thickness of d, and
dp>dp,—dz=dy; dp<dp;; dg>d>ds,

where dj, is a thickness of the first pixel defining layer, d,,
is a thickness of the transparent electrically conductive layer,
and dy is a thickness of the cathode.

An embodiment of the present disclosure provides a
display panel with a top-emitting structure, including the
organic light emitting diode substrate according to the
embodiments described above. The display panel may be
any product or component having a display function such as
a mobile phone, a tablet computer, a television, a monitor, a
notebook computer, a digital photo frame, a navigator, and
the like.

Further, an embodiment of the present disclosure provides
a display device including the display panel according to the
embodiments described above.

In the organic light emitting diode substrate, the method
for manufacturing the organic light emitting diode substrate
and the display panel according to the embodiments of the
present disclosure, an auxiliary cathode is formed between
two pixel defining layers, a cathode is formed in the pixel
region, and the cathode is connected to the auxiliary cath-
ode. In this way, it not only effectively improves the color
shift associated with viewing angle, but also makes voltage
distribution of the cathode uniform, thereby resulting in a
high brightness uniformity. Therefore, the light transmit-
tance and the electrical conductivity of the OLED are
improved.

In the description of the embodiments of the present
disclosure, it is to be understood that the terms “middle”,
“upper”, “lower”, “front”, “rear”, “vertical”, “horizontal”,
“top”, “inner”, “outer”, and other terms for indicating ori-
entation or positional relationship are based on the orienta-
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tion or positional relationship shown in the drawings, and
they are merely used for convenience and simplification of
the description of the present disclosure, rather than indi-
cating or implying that the device or component in question
must be arranged in a particular orientation or constructed
and operated in a particular orientation, therefore they
should not be construed as limiting the present disclosure.

In the description of the embodiments of the present
disclosure, it should be noted that the terms “install”,
“connect”, and “couple” should be understood broadly, for
example, they may refer to a fixed connection, a detachable
connection, or an integral connection; they may refer to a
mechanical connection or an electrical connection; or they
may refer to a direct connection, or a indirect connection
with an intermediate medium, also they may refer to an
internal communication between two elements. The specific
meanings of the above terms in the present disclosure can be
understood in specific circumstances by those skilled in the
art.

The embodiments disclosed in the present disclosure are
as described above, but they are merely used to facilitate the
understanding of the present disclosure, but not intended to
limit the present disclosure. Any modifications and varia-
tions may be made by those skilled in the art in form and
detail without departing from the spirit and scope of the
present disclosure. The scope of the present disclosure
should be defined by the appended claims and equivalents
thereof.

What is claimed is:

1. An organic light emitting diode substrate, comprising:

a base substrate;

a pixel defining layer on the base substrate; and

an anode, an organic light emitting diode functional layer

and a cathode in a pixel region,

wherein the pixel defining layer comprises a first pixel

defining layer, an auxiliary cathode and a second pixel
defining layer sequentially stacked, the auxiliary cath-
ode being connected to the cathode, and

wherein the anode and the auxiliary cathode are formed in

One same process.

2. The organic light emitting diode substrate according to
claim 1, wherein a thickness of the cathode is less than a
thickness of the auxiliary cathode.

3. The organic light emitting diode substrate according to
claim 1, wherein the cathode has a thickness of 6 to 10 nm.

4. The organic light emitting diode substrate according to
claim 1, wherein the auxiliary cathode comprises a first
transparent electrically conductive layer, a metal layer, and
a second transparent electrically conductive layer sequen-
tially stacked.

5. The organic light emitting diode substrate according to
claim 4, wherein the first transparent electrically conductive
layer has a thickness of 5 to 20 nm, the metal layer has a
thickness of 130 to 170 nm, and the second transparent
electrically conductive layer has a thickness of 5 to 20 nm.

6. The organic light emitting diode substrate according to
claim 4, wherein the organic light emitting diode functional
layer comprises a red organic light emitting diode functional
layer having a thickness of d, a green organic light emitting
diode functional layer having a thickness of d.;, and a blue
organic light emitting diode functional layer having a thick-
ness of dg, and dg>dp,-d-d p-d 45-dy; dg<dpy; dg>dg>ds,

where dj, is a thickness of the first pixel defining layer,

d,, is a thickness of the first transparent electrically
conductive layer, d,, is a thickness of the metal layer,
d; is a thickness of the second transparent electrically
conductive layer, and d is a thickness of the cathode.
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7. The organic light emitting diode substrate according to
claim 1, wherein the auxiliary cathode is formed from a
transparent electrically conductive layer.

8. The organic light emitting diode substrate according to
claim 7, wherein the transparent electrically conductive
layer has a thickness of 160 to 170 nm.

9. The organic light emitting diode substrate according to
claim 7, wherein the organic light emitting diode functional
layer comprises a red organic light emitting diode functional
layer having a thickness of dg, a green organic light emitting
diode functional layer having a thickness of d, and a blue
organic light emitting diode functional layer having a thick-
ness of dg, and dz>dp,-d-dy; dp<dp;; dg>d>dg,

where d,, is a thickness of the first pixel defining layer, d,,

is a thickness of the transparent electrically conductive
layer, and d, is a thickness of the cathode.

10. The organic light emitting diode substrate according
to claim 1, wherein the first pixel defining layer has a
thickness of 300 to 350 nm, and a slope angle of an edge of
the first pixel defining layer and a slope angle of an edge of
the second pixel defining layer are 85° to 90°.

11. A display panel, comprising the organic light emitting
diode substrate according to claim 1.

12. A method for manufacturing an organic light emitting
diode substrate, comprising:

forming a first pixel defining layer on a base substrate;

forming an auxiliary cathode on the first pixel defining

layer and forming an anode in a pixel region defined by
the first pixel defining layer;

forming a second pixel defining layer on the auxiliary

cathode; and

forming an organic light emitting diode functional layer

and a cathode on the anode, the cathode being con-
nected to the auxiliary cathode,

wherein the anode and the auxiliary cathode are formed

by one same process.

13. The method according to claim 12, wherein the
formed cathode has a thickness less than a thickness of the
auxiliary cathode.

14. The method according to claim 12, wherein forming
the first pixel defining layer on the base substrate comprises:
depositing a pixel defining film on the base substrate; and
exposing, developing and etching the pixel defining film to
form the first pixel defining layer, and

wherein the first pixel defining layer has a thickness of

300 nm to 350 nm, and an edge of the first pixel
defining layer has a slope angle of 85° to 90°.

15. The method according to claim 12, wherein forming
the auxiliary cathode on the first pixel defining layer and
forming the anode in the pixel region defined by the first
pixel defining layer comprises:

depositing a first transparent electrically conductive layer,

a metal layer, and a second transparent electrically
conductive layer sequentially on the first pixel defining
layer and the pixel region defined by the first pixel
defining layer to form the auxiliary cathode on the first
pixel defining layer and the anode in the pixel region
defined by the first pixel defining layer.

16. The method according to claim 15, wherein forming
the organic light emitting diode functional layer and the
cathode on the anode comprises:

forming a red organic light emitting diode functional layer

having a thickness of d, a green organic light emitting
diode functional layer having a thickness of d;, and a
blue organic light emitting diode functional layer hav-
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ing a thickness of d; respectively on the anode in
different pixel regions, and dg>d,,-d, -d,,-d ;-dy;
dg<dp; dg>d>dp,

where d, is a thickness of the first pixel defining layer,

d,, is a thickness of the first transparent electrically s
conductive layer, d ,, is a thickness of the metal layer,
d ; is a thickness of the second transparent electrically
conductive layer, and d is a thickness of the cathode.

17. The method according to claim 12, wherein forming
the auxiliary cathode on the first pixel defining layer and 10
forming the anode in the pixel region defined by the first
pixel defining layer comprises:

depositing a transparent electrically conductive layer on

the first pixel defining layer and the pixel region
defined by the first pixel defining layer to form the 15
auxiliary cathode on the first pixel defining layer and
the anode in the pixel region defined by the first pixel
defining layer.

18. The method according to claim 17, wherein forming
the organic light emitting diode functional layer and the 20
cathode on the anode comprises:

forming a red organic light emitting diode functional layer

having a thickness of d, a green organic light emitting
diode functional layer having a thickness of d;, and a
blue organic light emitting diode functional layer hav- 25
ing a thickness of dj respectively on the anode in
different pixel regions, and dz>dp,-d,-dy; dg<dp;
dg>d >dg,

where d, is a thickness of the first pixel defining layer, d.,

is a thickness of the transparent electrically conductive 30
layer, and dy is a thickness of the cathode.

® % % % %
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