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(57) ABSTRACT

An organic light emitting diode (OLED) display panel and
preparation method thereof, which includes an array sub-
strate, an organic light emitting layer, and an encapsulation
layer. The encapsulation layer includes organic-inorganic
functional layer. Through disposing the organic-inorganic
functional layer, the overall thickness of the encapsulation
thin film can be reduced while ensuring the encapsulation
effect, and the bending performance of the OLED device can
be improved. Further, a mask plate is not required in the
encapsulation process, thereby can effectively save produc-
tion cost.
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OLED DISPLAY PANEL AND PREPARATION
METHOD THEREOF

FIELD OF INVENTION

[0001] The present disclosure relates to a display technol-
ogy field, and particular to an organic light emitting diode
(OLED) and a preparation method thereof.

BACKGROUND OF INVENTION

[0002] Because organic light emitting diode (OLED)
devices have many advantages, such as being self-illumi-
nous, high brightness, wide viewing angles, quick response
speed, and can realize a flexible display, OLED devices have
become a next generation display with great competitiveness
and development prospects. Because OLED luminescent
materials are very sensitive to water vapor, after being
eroded by water vapor, the OLED devices easily age, and
service life is shortened. Therefore, the OLED devices are
required to be thin film encapsulated to isolate water vapor.

[0003] Current thin film encapsulation uses a method that
alternately superimposes the organic layer and the inorganic
layer to extend the water vapor intrusion path, so that the
OLED devices have a flexible function while having a
function of blocking the water vapor. However, by super-
imposing the organic layer and the inorganic layer, the
process is not only complicated and has long product
production cycle, the film layer thickness of the encapsula-
tion layer is also thick, which is unfavorable to the OLED
devices in development orientation of flexibility and thin-
ness.

SUMMARY OF INVENTION

[0004] The present disclosure provides an organic light
emitting diode (OLED) and a preparation method thereof to
solve the problem in the current OLED display panel, that is,
due to the encapsulation process of the current OLED
display panels is complicated, and the film layer thickness of
the encapsulation thin film is thick which makes the display
panel being difficult to bend, thereby which is unfavorable to
the OLED devices in development orientation of flexibility
and thinness.

[0005] In order to solve the problems mentioned above,
the present disclosure provides the technical solutions as
follows:

[0006] The present disclosure provides an organic light
emitting diode (OLED) display panel which includes an
array substrate, an organic light emitting layer disposed on
the array substrate, and an encapsulation layer disposed on
the organic light emitting layer and covering the organic
light emitting layer. The encapsulation layer includes an
organic-inorganic functional layer and a second organic
layer disposed on the organic-inorganic functional layer; a
lateral surface of the organic-inorganic functional layer
away from the organic light emitting layer is an inorganic
film layer; a lateral surface of the organic-inorganic func-
tional layer close to the organic light emitting layer is a first
organic layer; and a plurality of inorganic particles are
embedded inside the first organic layer.

[0007] In an embodiment of the present disclosure, the
inorganic film layer is disposed on a surface of the first
organic layer and covers the first organic layer.
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[0008] In an embodiment of the present disclosure, the
organic-inorganic functional layer is disposed on a lateral
surface of the organic light emitting diode away from the
array substrate.

[0009] In an embodiment of the present disclosure, mate-
rial of the inorganic particles is same as material of the
inorganic film layer, and the inorganic particles and the
inorganic film layer are prepared by a same process.
[0010] In an embodiment of the present disclosure, a
thickness of the inorganic film layer ranges from 0.001 pm
to 0.1 um.

[0011] The present disclosure provides an OLED display
panel which includes an array substrate, an organic light
emitting layer disposed on the array substrate, and an
encapsulation layer disposed on the organic light emitting
layer and covering the organic light emitting layer. The
encapsulation layer includes an organic-inorganic functional
layer.

[0012] In an embodiment of the present disclosure, a
lateral surface of the organic-inorganic functional layer
away from the organic light emitting layer is an inorganic
film layer, a lateral surface of the organic-inorganic func-
tional layer close to the organic light emitting layer is a first
organic layer, and a plurality of inorganic particles are
embedded inside the first organic layer.

[0013] In an embodiment of the present disclosure, the
inorganic film layer is disposed on a surface of the first
organic layer and covers the first organic layer.

[0014] In an embodiment of the present disclosure, the
organic-inorganic functional layer is disposed on a lateral
surface of the organic light emitting diode away from the
array substrate.

[0015] In an embodiment of the present disclosure, mate-
rial of the inorganic particles is same as material of the
inorganic film layer, and the inorganic particles and the
inorganic film layer are prepared by a same process.
[0016] In an embodiment of the present disclosure, a
thickness of the inorganic film layer ranges from 0.001 pm
to 0.1 um.

[0017] In an embodiment of the present disclosure, mate-
rial of the organic-inorganic functional layer is organic
matter including silicon group.

[0018] In an embodiment of the present disclosure, the
encapsulation layer further comprises a second organic layer
disposed on the organic-inorganic functional layer.

[0019] The present disclosure provides a preparation
method for an OLED display panel which includes:

[0020] step S10, providing an array substrate, and prepar-
ing a light emitting layer on the array substrate:

[0021] step S20, forming an organic-inorganic functional
layer on the organic light emitting layer.

[0022] In an embodiment of the present disclosure, the
preparation method further includes step S30, forming a
second organic layer on the organic-inorganic functional
layer.

[0023] In an embodiment of the present disclosure, the
step S20 includes:

[0024] step S201, forming a first organic layer on the
organic light emitting layer;

[0025] step S202, depositing inorganic material on a sur-
face of the first organic layer to form an inorganic film layer.
The inorganic film layer covers the first organic layer and
part of the inorganic material is embedded inside the first
organic layer.
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[0026] In an embodiment of the present disclosure, mate-
rial of the inorganic film layer is aluminum oxide (Al,O;).
[0027] In an embodiment of the present disclosure, the
step S202 specifically includes:

[0028] depositing a thin film of aluminum oxide (Al,O;)
on an entire surface of the first organic layer by an atomic
layer deposition method, and part of the aluminum oxide
embedded inside the first organic layer;

[0029] forming the inorganic film layer which is patterned
on a surface of the first organic layer by an etching process.
[0030] In an embodiment of the present disclosure, a
thickness of the inorganic film layer ranges from 0.001 pm
to 0.1 um.

[0031] In an embodiment of the present disclosure, the
inorganic film layer covers the first organic layer.

[0032] In an embodiment of the present disclosure, mate-
rial of the organic-inorganic functional layer is organic
matter including silicon group.

[0033] The beneficial effect of the present disclosure:
through disposing the organic-inorganic functional layer, the
overall thickness of the encapsulation thin film can be
reduced while ensuring the encapsulation effect, and the
bending performance of the OLED device can be improved.
Further, a mask plate is not required in the encapsulation
process, thereby can effectively save production cost.

DESCRIPTION OF DRAWINGS

[0034] To more clearly illustrate embodiments or the
technical solutions of the present disclosure, the accompa-
nying figures of the present disclosure required for illustrat-
ing embodiments or the technical solutions of the present
disclosure will be described in brief. Obviously, the accom-
panying figures described below are only part of the embodi-
ments of the present disclosure, from which figures those
skilled in the art can derive further figures without making
any inventive efforts.

[0035] FIG. 1 is a structural schematic diagram of the
organic light emitting diode (OLED) display panel of an
embodiment of the present disclosure.

[0036] FIG. 2 is a flowchart of the preparation method for
the OLED display panel of an embodiment of present
disclosure.

[0037] FIG. 3 to FIG. 5 are structural schematic diagrams
of preparation processes of the OLED display panel of
embodiments of the present disclosure.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0038] The descriptions of embodiments below refer to
accompanying drawings in order to illustrate certain
embodiments which the present disclosure can implement.
The directional terms of which the present disclosure men-
tions, for example, “top,” “bottom,” “upper,” “lower,”
“front,” “rear,” “left,” “right,” “inside,” “outside,” “side,”
etc., are just refer to directions of the accompanying figures.
Therefore, the used directional terms are for illustrating and
understanding the present disclosure, but not for limiting the
present disclosure. In the figures, units with similar struc-
tures are used same labels to indicate.

[0039] The present disclosure aims at the problem of
current organic light emitting diode (OLED) display panels,
the problem is that due to the encapsulation process of the
current OLED display panel is complicated, and the film
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layer thickness of the encapsulation thin film is thick which
makes the display panel being difficult to bend, thereby
which is unfavorable to the OLED device in the develop-
ment orientation of flexibility and thinness, and embodi-
ments of the present disclosure can solve such defects.
[0040] As illustrated in FIG. 1, an embodiment of the
present disclosure provides an organic light emitting diode
(OLED) display panel 100, which includes an array sub-
strate 10, an organic light emitting layer 20, and an encap-
sulation layer 30.

[0041] The organic light emitting layer 20 is disposed on
the array substrate 10; the encapsulation layer 30 is disposed
on the organic light emitting layer 20, and the encapsulation
layer 30 covers the organic light emitting layer 20.

[0042] The encapsulation layer 30 includes an organic-
inorganic functional layer 31. Because the encapsulation
layer in the prior art is disposed by overlapping the inorganic
layer and the organic layer, the thickness of the film layer is
thick, which makes unfavorable to the panel in development
of thinness, and affects bending performance of the panel.
Therefore, the embodiment of the present disclosure per-
forms improvement on the encapsulation layer by embed-
ding inorganic material which has a water-oxygen proof
property into the organic layer with good bending effect, not
only can reduce the thickness of the encapsulation layer, but
also can improve bending performance of the OLED device.
[0043] A lateral surface of the organic-inorganic func-
tional layer 31 away from the organic light emitting layer 21
is an inorganic film layer 312, a lateral surface of the
organic-inorganic functional layer 31 close to the organic
light emitting layer 20 is a first organic layer 311, and a
plurality of inorganic particles 313 are embedded inside the
first organic layer 311.

[0044] The inorganic film layer 312 is disposed on a
surface of the first organic layer 311, and the inorganic film
layer 312 covers the first organic layer 311. The inorganic
particles 313 and the inorganic film layer 312 are prepared
by a same process, that is, while inorganic material is
deposited on a surface of the first organic layer 311 to form
the inorganic film layer 312, the inorganic material is
embedded in the interior of the first organic layer 311 to form
the inorganic particles 313.

[0045] Material of the inorganic particles 313 and the
inorganic film layer 312 is same, and the material is alumi-
num oxide (Al,O;).

[0046] For example, the inorganic particles 313 and the
inorganic film layer 312 in the embodiment may be made of
aluminum oxide, and the aluminum oxide is deposited on a
surface of the first organic layer 311 by an atom injected type
atomic layer deposition method. Since the organic layer has
loose texture, the water proof property is poor, and depos-
iting the aluminum oxide by the atomic layer deposition
method has an all-pervasive characteristic, that is, the alu-
minum oxide can enter into every nook and cranny, so that
the aluminum oxide can be injected into the organic layer.
While the aluminum oxide inorganic film layer is formed on
the surface of the organic layer 311, the aluminum oxide
inorganic particles are formed inside the first organic layer
311, thereby realizing an organic-inorganic hybrid encapsu-
lation method. This kind of encapsulation layer method
effectively ensures to prevent from intrusion of water and
oxygen, and meanwhile can not only reduce the film thick-
ness of the encapsulation layer for advantageously bending,
but also simplify the encapsulation process and save cost.
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[0047] A thickness of the aluminum oxide inorganic film
layer ranges from 0.001 pm to 0.1 um. If the thickness is too
thick, the product production cycle will be prolonged, and if
the thickness is too thin, the water-oxygen proof property
will be too poor.

[0048] In this embodiment, the organic-inorganic func-
tional layer 31 is disposed on a lateral surface of the organic
light emitting layer 20 away from the array substrate 10.
Specifically, the first organic layer 311 is disposed on an
upper surface of the organic light emitting layer 20, and the
first organic layer 311 covers the organic light emitting layer
20.

[0049] Based on this embodiment, the encapsulation layer
30 further includes a second organic layer 32, and the second
organic layer 32 is disposed on the organic-inorganic func-
tional layer 32, for improving bending performance of the
display panel.

[0050] The array substrate 10 includes a base substrate and
a thin film transistor array, and the array substrate is a
flexible substrate or a rigid substrate.

[0051] The organic light emitting layer 20 includes
devices such as an anode, a hole injection layer, a hole
transport layer, an organic light emitting material layer, an
electron transport layer, an electron transport layer, an
electron injection layer, and a cathode.

[0052] This embodiment further provides a preparation
method for the OLED display panel 100 mentioned above,
which includes:

[0053] Step S10, providing an array substrate 10, and
preparing a light emitting layer 20 on the array substrate 10.
[0054] Step S20, forming an organic-inorganic functional
layer 31 on the organic light emitting layer 20.

[0055] As illustrated in FIG. 2, the preparation method
will be described in detail as follow.

[0056] The step S20 includes: step S201, forming a first
organic layer 311 on the organic light emitting layer 20; step
S202, depositing inorganic material on a surface of the first
organic layer 311 to form an inorganic film layer 312. The
inorganic film layer 312 covers the first organic layer 311
and part of the inorganic material is embedded inside the
first organic layer 311.

[0057] As illustrated in FIG. 3, an array substrate 10 is
provided, the array substrate 10 includes a base substrate and
a thin film transistor array. A light emitting layer 20 is
prepared on the array substrate 10, and then by an ink
printing method or a coating method, the first organic layer
311 is prepared on the organic light emitting layer 20, and
the first organic layer 311 covers the organic light emitting
layer 20.

[0058] As illustrated in FIG. 4, depositing an aluminum
oxide thin film 312' on an entire surface of the first organic
layer 311 and the array substrate 10 by an atom injected type
atomic layer deposition method. Since the organic layer has
loose texture, and depositing the aluminum oxide by the
atomic layer deposition method has a all-pervasive charac-
teristic, that is, the aluminum oxide can enter into every
nook and cranny, so that part of the aluminum oxide can be
injected inside the first organic layer 311 to form aluminum
oxide inorganic particles 313 through the surface of the first
organic layer 311; the inorganic particles 313 form an
inorganic interface inside the first organic layer 311 for
compensating the poor water-oxygen proof property of the
first organic layer 311.
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[0059] As illustrated in FIG. 5, then, performing an etch
process on the aluminum oxide film 312' to etch away the
area where does not require to encapsulate, and forming the
inorganic film layer 312 which is patterned on a surface
where is required to be encapsulated.

[0060] In other embodiments, the organic-inorganic func-
tional layer 31 can be formed by embedding silicon material
into the organic layer. Through a sol-gel method, trichloro-
ethylsilane and dihydroxydiphenylsilane can be baked under
nitrogen (N,) at a high temperature for four hours to prepare
a colorless and transparent oligomeric silicone resin, and
then the oligomeric silicone resin and SiO,-contained Nan-
opox® E600 (a dispersion of silica nanoparticles in a
cycloaliphatic epoxy resin) is combined to form a silicon-
contained organic substance with water-oxygen proof prop-
erty, and then by a method of coating the silicon-contained
organic substance on the organic light-emitting layer 20 to
form the organic-inorganic functional layer for using.
[0061] Compared with a conventional encapsulation
method of depositing an inorganic layer and an organic layer
alternately, the organic-inorganic hybridization method used
by the embodiments of the present disclosure makes the
encapsulation structure have both water-oxygen proof prop-
erty of the inorganic layer, and flat and bending property of
the organic layer. Since it is only one layer structure, it is
advantageous to reduce the thickness of the encapsulation
layer, so that the OLED device can be developed into a light,
thin, and bendable orientation.

[0062] Based on the embodiments mentioned above, the
second organic layer 32 can be prepared on the organic-
inorganic functional layer 31 by a coating method or an ink
printing method to enhance the bending performance of the
OLED device.

[0063] The beneficial effect is that through disposing the
organic-inorganic functional layer, the overall thickness of
the encapsulation thin film can be reduced while ensuring
the encapsulation effect, and the bending performance of the
OLED device can be improved. Further, a mask plate is not
required in the encapsulation process, thereby can effec-
tively save production cost.

[0064] In summary, although the present disclosure has
disclosed the preferred embodiments as above, however the
above-mentioned preferred embodiments are not to limit to
the present disclosure. A person skilled in the art can make
any change and modification, therefore the scope of protec-
tion of the present disclosure is subject to the scope defined
by the claims.

What is claimed is:
1. An organic light emitting diode (OLED) display panel,
comprising:

an array substrate;

an organic light emitting layer disposed on the array
substrate; and

an encapsulation layer disposed on the organic light
emitting layer and covering the organic light emitting
layer;

wherein the encapsulation layer comprises an organic-
inorganic functional layer and a second organic layer
disposed on the organic-inorganic functional layer, a
lateral surface of the organic-inorganic functional layer
away from the organic light emitting layer is an inor-
ganic film layer, a lateral surface of the organic-inor-
ganic functional layer close to the organic light emit-
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ting layer is a first organic layer, and a plurality of
inorganic particles are embedded inside the first
organic layer.

2. The OLED display panel as claimed in claim 1, wherein
the inorganic film layer is disposed on a surface of the first
organic layer and covers the first organic layer,

3. The OLED display panel as claimed in claim 1, wherein
the organic-inorganic functional layer is disposed on a
lateral surface of the organic light emitting layer away from
the array substrate.

4. The OLED display panel as claimed in claim 1, wherein
material of the inorganic particles is same as material of the
inorganic film layer, and the inorganic particles and the
inorganic film layer are prepared by a same process.

5. The OLED display panel as claimed in claim 1, wherein
a thickness of the inorganic film layer ranges from 0.001 pm
to 0.1 um.

6. An organic light emitting diode (OLED) display panel,
comprising:

an array substrate;

an organic light emitting layer disposed on the array

substrate; and

an encapsulation layer disposed on the organic light

emitting layer and covering the organic light emitting
layer;

wherein the encapsulation layer comprises an organic-

inorganic functional layer.

7. The OLED display panel as claimed in claim 6, wherein
a lateral surface of the organic-inorganic functional layer
away from the organic light emitting layer is an inorganic
film layer, a lateral surface of the organic-inorganic func-
tional layer close to the organic light emitting layer is a first
organic layer, and a plurality of inorganic particles are
embedded inside the first organic layer.

8. The OLED display panel as claimed in claim 7, wherein
the inorganic film layer is disposed on a surface of the first
organic layer and covers the first organic layer.

9. The OLED display panel as claimed in claim 7, wherein
the organic-inorganic functional layer is disposed on a
lateral surface of the organic light emitting diode away from
the array substrate.

10. The OLED display panel as claimed in claim 7,
wherein material of the inorganic particles is same as
material of the inorganic film layer, and the inorganic
particles and the inorganic film layer are prepared by a same
process.
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11. The OLED display panel as claimed in claim 7,
wherein a thickness of the inorganic film layer ranges from
0.001 pm to 0.1 pm.

12. The OLED display panel as claimed in claim 6,
wherein material of the organic-inorganic functional layer is
organic matter comprising silicon group.

13. The OLED display panel as claimed in claim 6,
wherein the encapsulation layer further comprises a second
organic layer disposed on the organic-inorganic functional
layer.

14. A preparation method for an organic light emitting
diode (OLED) display panel, comprising:

step S10, providing an array substrate, and preparing a

light emitting layer on the array substrate;

step S20, forming an organic-inorganic functional layer

on the organic light emitting layer.

15. The preparation method as claimed in claim 14,
wherein the preparation method further comprises step S30,
forming a second organic layer on the organic-inorganic
functional layer.

16. The preparation method as claimed in claim 14,
wherein the step S20 comprises:

step S201, forming a first organic layer on the organic

light emitting layer;

step S202, depositing inorganic material on a surface of

the first organic layer to form an inorganic film layer,
wherein the inorganic film layer covers the first organic
layer and part of the inorganic material is embedded
inside the first organic layer.

17. The preparation method as claimed in claim 16,
wherein the step S202 comprises:

depositing a thin film of aluminum oxide (Al,O;) on an

entire surface of the first organic layer by an atomic
layer deposition method, and part of the aluminum
oxide embedded inside the first organic layer;

forming the inorganic film layer which is patterned on a

surface of the first organic layer by an etching process.

18. The preparation method as claimed in claim 17,
wherein a thickness of the inorganic film layer ranges from
0.001 pm to 0.1 pm.

19. The preparation method as claimed in claim 17,
wherein the inorganic film layer covers the first organic
layer.

20. The preparation method as claimed in claim 14,
material of the organic-inorganic functional layer is organic
matter comprising silicon group.
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