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(7) ABSTRACT

The present disclosure relates to an OLED device and a
manufacturing method thereof, a display panel and a display
device. The OLED device includes: a first electrode dis-
posed on a substrate; an organic light emitting layer disposed
on the first electrode; a second electrode disposed on the
organic light emitting layer; and a stack of layers disposed
on the second electrode. The stack of layers includes at least
one inorganic layer and at least one organic layer. The at
least one inorganic layer and at least one organic layer are
alternately arranged. One organic layer of the at least one
organic layer includes a color conversion layer.
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OLED DEVICE AND MANUFACTURING
METHOD THEREOF, DISPLAY PANEL AND
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is based upon International
Application No. PCT/CN2017/083045, filed on May 4,
2017, which is based upon and claims the priority of Chinese
patent application No. 201610402307.3 filed on Jun. 8,
2016, the disclosure of which is incorporated herein by
reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to display technol-
ogy, and more specifically, to an OLED device and a
manufacturing method thereof, a display panel and a display
device.

BACKGROUND

[0003] With the rise in customer demand for audio and
video products, there is a growing requirement for the
production of high-resolution, high-quality displays. The
Organic Light-Emitting Diodes (OLEDs) are considered to
be the star product of the next-generation display due to their
characteristics such as self-emission, high brightness, wide
viewing angle, fast reaction and manufacturable R, G and B
full-color components.

[0004] In the current market, the small-to-medium-sized
OLEDs have been employed in audio panels and mobile
phones as display panels. In the future, the OLED is
expected to be further applied to displays of larger sizes such
as mobile products, laptops, monitors, wall-hanging TVs
and the like. The full-color technology is indispensable and
crucial for the OLED.

[0005] The large-sized OLED realizes bottom-emitting
function usually by means of the combination of thin-film
encapsulation technology with the color filter method
(WCF) or the color conversion method (CCM). However,
the aperture ratio of the large-sized OLED bottom-emitting
devices adopting the above-mentioned two methods is obvi-
ously insufficient.

[0006] It should be noted that, information disclosed in the
above background portion is provided only for better under-
standing of the background of the present disclosure, and
thus it may contain information that does not form the prior
art known by those ordinary skilled in the art.

SUMMARY

[0007] The embodiments of the present disclosure provide
an OLED and a manufacturing method thereof, a display
panel and a display device.

[0008] The present disclosure aims to provide an OLED
device.
[0009] In one embodiment of the present disclosure, the

provided OLED device includes: a first electrode disposed
on a substrate; an organic light emitting layer disposed on
the first electrode; a second electrode disposed on the
organic light emitting layer; a stack of layers disposed on the
second electrode. The stack of layers comprises at least one
inorganic layer and at least one organic layer. The at least
one inorganic layer and the at least one organic layer are
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alternately arranged. One organic layer of the at least one
organic layer includes a color conversion layer.

[0010] The second aspect of the present disclosure pro-
vides a display panel including the above OLED device.

[0011] The present disclosure also aims to provide a
display device.
[0012] The third aspect of the present disclosure provides

a display device including the above display panel.

[0013] The present disclosure also aims to provide a
method of manufacturing an OLED device.

[0014] The four aspect of the present disclosure provides
a method of manufacturing an OLED device including:
forming a first electrode on a substrate; forming an organic
light emitting layer on the first electrode; forming a second
electrode on the organic light emitting layer; forming a stack
of layers on the second electrode, wherein the stack of layers
includes at least one organic layer and at least one inorganic
layer, the at least one organic layer and the at least one
inorganic layer are alternately arranged, and the method
includes configuring an organic layer of the at least one
organic layer to include a color conversion layer.

[0015] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restrictive of
the invention, as claimed.

[0016] This section provides a summary of various imple-
mentations or examples of the technology described in the
disclosure, and is not a comprehensive disclosure of the full
scope or all features of the disclosed technology.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] In order to further clarify the technical solutions of
the embodiments of the present disclosure, the drawings of
the embodiments will be briefly described below. It should
be understood that the drawings described below relate only
to some embodiments of the present disclosure and are not
limitative to the present disclosure.

[0018] FIG. 1(a) schematically illustrates a configuration
of an OLED device according to one embodiment of the
present disclosure;

[0019] FIG. 1(d) schematically illustrates a configuration
of an OLED device according to one embodiment of the
present disclosure;

[0020] FIG. 2 schematically illustrates a configuration of
an OLED device according to one embodiment of the
present disclosure;

[0021] FIG. 3 schematically illustrates a configuration of
an OLED device according to one embodiment of the
present disclosure;

[0022] FIG. 4 is a flow chart showing a manufacturing
method of an OLED device according to one embodiment of
the present disclosure.

DETAILED DESCRIPTION

[0023] In order to make the purpose, technical solutions
and advantages of the embodiments of the present disclosure
clearer, the technical solution of the embodiments of the
present disclosure will be described clearly and completely
below in conjunction with the accompanying drawings. It is
obvious that the described embodiments are a part of the
embodiments of the present disclosure but not all the
embodiment of the present disclosure. Based on the
described embodiments of the present disclosure, those
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skilled in the art can obtain other embodiments, without any
inventive work, which should fall within the scope of the
invention.

[0024] When the elements of the present disclosure and
their embodiments are described, the singular form of the
word used in the present disclosure the appended claims
includes the plural form, and vice versa, unless otherwise
explicitly specified in the context. Therefore, when referring
to a term with a singular form, the plural form of this term
is usually included. The terms “comprise”, “include”, “con-
tain”, “have” are intended to be inclusive and to indicate that
there may be additional elements other than the listed
elements.

[0025] For the purposes of describing surfaces below, as
the indicated directions in the drawings, the terms “up”,
“down”, “left”, “right”, “vertical”, “horizontal”, “top”, “bot-
tom” and their derivative words should concern the present
disclosure. The terms “over”, “on the top of”, “disposed on”
or “disposed on the top of” means that a first element such
as a first structure is arranged on a second element such as
a second structure, wherein a medium element such as an
interface structure may exist between the first element and
the second element. The term “contact” means a first ele-
ment such as a first structure and a second element such as
a second structure are connected with or without other
elements at the interface of the above two elements.

[0026] In one embodiment of the present disclosure, the
provided OLED device includes: a first electrode disposed
on a substrate; an organic light emitting layer disposed on
the first electrode; a second electrode disposed on the
organic light emitting layer; a stack of layers disposed on the
second electrode. The stack of layers includes at least one
inorganic layer and at least one organic layer. The at least
one inorganic layer and at least one organic layer are
alternately arranged. One organic layer of the at least one
organic layer includes a color conversion layer. The stack of
layers serves as an encapsulation layer.

[0027] FIG. 1 schematically illustrates OLED devices
according to different embodiments of the present disclo-
sure.

[0028] FIG. 1(a) shows a case where the at least one
inorganic layer and the at least one organic layer have the
same number of layers. As shown in FIG. 1(a), the OLED
device includes: a substrate 1; a first electrode 2 disposed on
the substrate; an organic light emitting layer 3 disposed on
the first electrode; a second electrode 4 disposed on the
organic light-emitting layer; and a stack of layers 100
disposed on the second electrode. The stack of layers 100
includes an inorganic layer 5, an organic layer 6, an inor-
ganic layer 7, an organic layer 8, an inorganic layer 9 and an
organic layer 10 which are arranged alternately. Any one of
the organic layer 6, the organic layer 8 and the organic layer
10 may include a color conversion layer. However, at least
one of the organic layer 6, the organic layer 8 and the organic
layer 10 are arranged including a color conversion layer. The
case where only one organic layer includes a color conver-
sion layer is taken as an example to describe the present
invention. It is noted that the case where the stack of layers
include three inorganic layers and three organic layers is
only taken as an example. The number of the inorganic
layers is not limited to three and may be any desired number,
and the number of the inorganic layers is not limited to three
and may be any desired number.
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[0029] FIG. 1(h) shows a case where the difference
between the number of the at least one inorganic layer and
the at least one organic layer is one. As shown in FIG. 1(5),
the OLED device includes: a substrate 1; a first electrode 2
disposed on the substrate; an organic light emitting layer 3
disposed on the first electrode; a second electrode 4 disposed
on the organic light-emitting layer; and a stack of layers 100’
disposed on the second electrode. The stack of layers 100’
includes an organic layer 6', an inorganic layer 7', an organic
layer 8' which are arranged alternately. Any one of the
organic layer 6' and the organic layer 8' may include a color
conversion layer. However, both of the organic layer 6' and
the organic layer 8' may be configured to include a color
conversion layer as required. The case where only one
organic layer includes a color conversion layer is taken as an
example to describe the present invention. It is noted the
case where the stack of layers include one inorganic layer
and two organic layers is only taken as an example. The
number of the organic layers is not limited to two and may
be any desired number, and the number of the inorganic
layer is not limited to one and may be any desired number.

[0030] It is possible to effectively increase the aperture
ratio of the OLED device while making the device thinner,
simplifying the process, reducing the manufacturing cost,
and making the structure of the obtained device more
compact through the following steps: forming a first elec-
trode on a substrate; forming an organic light emitting layer
on the first electrode; forming a second electrode on the
organic light emitting layer; forming at least one stack of
layers on the second electrode, wherein each one of the at
least one stack of layers has an inorganic layer(s) and an
organic layer(s) which are arranged in order in the direction
perpendicular to the upper surface of the substrate, and the
organic layer(s) of one stack of layers of the at least one
stack of layers is formed as color conversion layer(s).

[0031] In the following section, as an example, the case
where the number of both the at least one inorganic layer and
the at least one organic layer are three is described for
illustrative purposes.

[0032] FIG. 2 schematically illustrates an OLED device
according to one embodiment of the present disclosure. FIG.
2 further illustrates more details of FIG. 1(a). In the con-
figuration shown in FIG. 2, the layer that is the most adjacent
to the organic light emitting layer in the stack of layers is an
inorganic layer. The inorganic layer 5, the inorganic layer 7,
and the inorganic layer 9 serve as resist layers to block water
vapor and air. The resist layer includes transparent inorganic
materials (e.g., oxides, fluorides, nitrides), or any other
materials suitable for blocking water and oxygen. The
organic layer servers as a flattened layer so as to reduce the
stress of the inorganic layer and provide excellent particle-
coating effect. The flattened layer includes polymer films or
any other materials suitable for forming the flattened layer.
The encapsulation performance of the device can be regu-
lated by adjusting the number and the composition of the
resist layer and the flattened layer.

[0033] The substrate may be a rigid substrate or a flexible
substrate, which include any materials suitable for forming
a substrate, such as high-molecular polymers, metal foils,
ultra-thin glasses and the like. The first electrode and the
second electrode include but are not limited to metals,
conductive oxygen compounds, conductive organic mol-



US 2018/0197920 A1

ecules, conductive polymers, and/or combinations thereof.
The color conversion material in the color conversion layer
may include organic resins.

[0034] In the embodiment shown in FIG. 2, the organic
layer 10 includes a color conversion layer. As can be seen
from FIG. 2, the color conversion layer includes conversion
areas CCM that are provided with color conversion material
and a black matrix BM that is provided among the color
conversion areas CCM. It is noted that, the numbers of the
conversion areas CCM and the black matrix BM are not
limited to the numbers shown in the drawings.

[0035] FIG. 3 further schematically illustrates an OLED
device according to one embodiment of the present disclo-
sure. As shown in FIG. 3, the conversion areas CCM include
a red conversion area CCM-R, a green conversion area
CCM-R and a keeping area CCM-0. The organic light
emitting layer 3 include blue light emitting material. The red
conversion area CCM-R is configured to convert the inci-
dent blue light to red light, the green conversion area
CCM-G is configured to convert the incident blue light to
green light, and the keeping area is configured to keep the
incident blue light being still blue light.

[0036] FIG. 4 is a flow chart showing a manufacturing
method of an OLED device according to one embodiment of
the present disclosure. In one embodiment, a method of
manufacturing the OLED device includes:

[0037] S1. forming a first electrode, i.e., forming a first
electrode on a substrate;

[0038] S2. forming an organic light emitting layer, i.e.,
forming an organic light emitting layer on the first electrode;
[0039] S3. forming a second electrode, i.e., forming a
second electrode on the organic light emitting layer;

[0040] S4. forming a stack of layers having a color con-
version layer, i.e., forming on the second electrode at least
one stack of layers which has at least one organic layer and
at least one inorganic layer, wherein the at least one organic
layer and the at least one inorganic layer are arranged
alternately, and this S4 further includes that one organic
layer of the at least one organic layer is configured to include
a color conversion layer.

[0041] In one embodiment, the inorganic layer serves as a
resist layer, the organic layer serves as a flattened layer. This
method includes making the at least one inorganic layer and
the at least one organic layer have the same number.

[0042] In one embodiment, the inorganic layer serves as a
resist layer, the organic layer serves as a flattened layer. This
method includes making the numbers of the at least one
inorganic layer and the at least one organic layer have a
difference of one.

[0043] The color conversion layer may include conversion
areas that are provided with conversion material, and form-
ing the color conversion layer further includes forming a
black matrix among the conversion areas.

[0044] Forming conversion areas includes forming red
conversion areas, green conversion areas and keeping areas
which are arranged alternately. The organic light emitting
layer includes blue light emitting material. The red conver-
sion area is configured to convert the incident blue light to
red light, the green conversion area is configured to convert
the incident blue light to green light, and the keeping area is
configured to keep the incident blue light being still blue
light.

Jul. 12,2018

[0045] In one embodiment, the layer that is the most
adjacent to the organic light emitting layer in the stack of
layers is an inorganic layer. The color conversion material
may include organic resins.

[0046] The display panel of embodiments of the present
disclosure includes the above OLED device. The display
device of embodiments of the present disclosure includes the
above display panel. The display device may be devices
having a display function such as display panels, displays,
television sets, tablet computers, mobile phones, navigators,
etc., which is not limited in the present disclosure.

[0047] In the embodiments of the present disclosure, the
materials of the conversion area, the keeping area, and the
black matrix may have the same organic material as the
organic layer, such that they can realize a color conversion
function while replacing the organic layer in the conven-
tional encapsulation stack of layers consisting of organic
layers and inorganic layers. Therefore, as compared with the
conventional bottom emitting device, the top emitting
device provided in the embodiments of the present disclo-
sure can improve the aperture ratio. Moreover, since the
organic layer including the color conversion layer is adopted
to replace the organic layer in the conventional encapsula-
tion stack of layers, the device is thinner, the production
process is simplified, the manufacturing cost is reduced, and
the structure of the obtained device is made more compact.
[0048] It is noted that, “the organic layer of one of the at
least one of the stack of layers includes the color conversion
layer” recited in the present disclosure is not intended to
limit the number of the organic layer having the color
conversion layer to one. The solution that two or more
organic layers include the color conversion layer also falls
within the scope of the present disclosure.

[0049] Particular embodiments have been described
above. These embodiments are presented by way of example
only and are not intended to limit the scope of the present
disclosure. In fact, the novel embodiments described herein
may be embodied in various other forms. Additionally,
various omissions, substitutions and modifications in the
form of embodiments described herein may be made without
departing from the spirit of the present disclosure. The
appended claims and their equivalents are intended to cover
such forms or modifications that fall within the scope of the
spirit of the present disclosure.

1. An OLED device comprising: a first electrode disposed
on a substrate; an organic light emitting layer disposed on
the first electrode; a second electrode disposed on the
organic light emitting layer; a stack of layers disposed on the
second electrode, wherein the stack of layers comprises at
least one inorganic layer and at least one organic layer, the
at least one inorganic layer and the at least one organic layer
are alternately arranged,

and an organic layer of the at least one organic layer

comprises a color conversion layer.

2. The OLED device according to claim 1, wherein the at
least one inorganic layer serves as a resist layer, the at least
one organic layer serves as a flattened layer, and the at least
one inorganic layer and the at least one organic layer have
the same number of layers.

3. The OLED device according to claim 1, wherein the at
least one inorganic layer serves as a resist layer, the at least
one organic layer serves as a flattened layer, and a difference
between the number of the at least one inorganic layer and
the at least one organic layer is one.
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4. The OLED device according to claim 2, wherein the
color conversion layer comprises conversion areas that are
provided with color conversion material and a black matrix
that is provided among the color conversion areas.

5. The OLED device according to claim 4, wherein the
conversion areas comprise red conversion areas, green con-
version areas and keeping areas which are arranged alter-
nately, and the organic light emitting layer comprises blue
light emitting material, the red conversion area is configured
to convert the incident blue light to red light, the green
conversion area is configured to convert the incident blue
light to green light, and the keeping area is configured to
keep the incident blue light being still blue light.

6. The OLED device according to claim 2, wherein the
layer that is the most adjacent to the organic light emitting
layer in the stack of layers is an inorganic layer.

7. The OLED device according to claim 1, wherein the
color conversion material comprises organic resin.

8. A display panel comprising the OLED device according
to claim 1.

9. A display device comprising the display panel accord-
ing to claim 8.

10. A method of manufacturing an OLED device com-
prising: forming a first electrode on a substrate; forming an
organic light emitting layer on the first electrode; forming a
second electrode on the organic light emitting layer; forming
a stack of layers on the second electrode, wherein the stack
of layers comprises at least one organic layer and at least one
inorganic layer, the at least one organic layer and the at least
one inorganic layer are alternately arranged,

and the method comprises configuring an organic layer of

the at least one organic layer to comprise a color
conversion layer.

11. The method according to claim 10, wherein the at least
one inorganic layer serves as a resist layer, the at least one
organic layer serves as a flattened layer, the method com-
prises making the at least one inorganic layer and the at least
one organic layer have the same number of layers.

12. The method according to claim 10, wherein the at least
one inorganic layer serves as a resist layer, the at least one
organic layer serves as a flattened layer, the method com-
prises making the numbers of the at least one inorganic layer
and the at least one organic layer have a difference of one.

13. The method according to claim 11, wherein the color
conversion layer comprises conversion areas that are pro-
vided with conversion material, and the step of forming the
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color conversion layer further comprises forming a black
matrix among the conversion areas.

14. The method according to claim 13, wherein the step
of forming the conversion areas comprises forming red
conversion areas, green conversion areas and keeping areas
which are arranged alternately, the organic light emitting
layer comprises blue light emitting material, the red con-
version area is configured to convert the incident blue light
to red light, the green conversion area is configured to
convert the incident blue light to green light, and the keeping
area is configured to keep the incident blue light being still
blue light.

15. The method according to claim 12, wherein the color
conversion layer comprises conversion areas that are pro-
vided with conversion material, and the step of forming the
color conversion layer further comprises forming a black
matrix among the conversion areas.

16. The method according to claim 15, wherein the step
of forming the conversion areas comprises forming red
conversion areas, green conversion areas and keeping areas
which are arranged alternately, the organic light emitting
layer comprises blue light emitting material, the red con-
version area is configured to convert the incident blue light
to red light, the green conversion area is configured to
convert the incident blue light to green light, and the keeping
area is configured to keep the incident blue light being still
blue light.

17. The method according to claim 11, wherein the layer
that is the most adjacent to the organic light emitting layer
in the stack of layers is an inorganic layer.

18. The method according to claim 10, wherein the color
conversion material comprises organic resins.

19. The OLED device according to claim 3, wherein the
color conversion layer comprises conversion areas that are
provided with color conversion material and a black matrix
that is provided among the color conversion areas.

20. The OLED device according to claim 19, wherein the
conversion areas comprise red conversion areas, green con-
version areas and keeping areas which are arranged alter-
nately, and the organic light emitting layer comprises blue
light emitting material, the red conversion area is configured
to convert the incident blue light to red light, the green
conversion area is configured to convert the incident blue
light to green light, and the keeping area is configured to
keep the incident blue light being still blue light.
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