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1
THIN-FILM ENCAPSULATION STRUCTURE
OF FLEXIBLE PANEL HAVING OPPOSITE
HYDROPHILIC/HYDROPHOBIC
ARRANGEMENT

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuing application of PCT Patent
Application No. PCT/CN2018/091541, entitled “FLEX-
IBLE OLED PANEL, THIN-FILM ENCAPSULATION
STRUCTURE OF FLEXIBLE PANEL AND ENCAPSU-
LATION METHOD FOR THE SAME”, filed on Jun. 15,
2018, which claims priority to China Patent Application No.
CN201810295363.0 filed on Apr. 4, 2018, both of which are
hereby incorporated in its entireties by reference.

FIELD OF THE INVENTION

The present invention relates to an OLED display manu-
facturing field, and more particularly to a flexible OLED
panel, thin-film encapsulation structure of flexible panel and
encapsulation method for the same.

BACKGROUND OF THE INVENTION

With the increasing market demand for the third-genera-
tion display technology, the development and production of
flexible OLEDs has become a hot area for the display
industry. Wherein, the flexible encapsulation technology is
directly related to the display life of OLED, which is one of
the bottlenecks restricting the development of OLED. Cur-
rently, the flexible encapsulation mainly adopts a laminated
structure of an inorganic layer-organic layer-inorganic layer,
and the flexible encapsulation requires not only fully resist-
ing the erosion of external water and oxygen, but also
effectively covering particle contaminant, buffer bending,
and the stress in the folding process which are unavoidable
in the production process. For the inorganic layer, it is
mainly used to block the erosion of external water and
oxygen; while the organic layer is mainly used to cover the
particle contaminant, buffer bending and stress during the
folding process, which is unavoidable in the production
process. Therefore, the organic layer is also called organic
buffer layer.

The organic buffer layer in the encapsulation structure is
usually realized by a technique such as flash distillation,
inkjet printing (IJP), in which the inkjet printing method is
shorter in process time and excellent in planarization effect.
However, the material for preparing the organic layer is
good in the fluidity and the boundary is not easy to control.
Usually, a retaining wall (dam) is made outside the display
region to block the uncontrollability of the ink boundary.
Since the retaining wall is usually obtained by using the
same metal mask in the preparation of the planarization
layer and the pixel definition layer, the material of the
retaining wall is an organic material, water vapor is easily
penetrated, and in order to completely block the overflow of
the organic layer material, at least two retaining walls are
generally produced.

More importantly, if the material of the organic layer is
hydrophilic and the material of the retaining wall is also
hydrophilic, or the material of the organic layer is hydro-
phobic and the material of the retaining wall is also hydro-
phobic, the same hydrophilic’/hydrophobic material in
organic layer and the retaining wall will generate a surface
mutual solubility, which will have a greater impact on the
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barrier effect of the retaining wall. It is necessary to increase
the thickness of the retaining wall or provide a multi-layer
retaining wall to achieve a better blocking function. Further,
the boundary width of the outermost inorganic layer at the
time of preparation is affected, at least the edge of the
outermost retaining wall is required to ensure that the edge
does not corrode by the water and oxygen quickly, which is
disadvantageous for the design of the narrow frame.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
thin-film encapsulation structure with simple structure and
compactness, and provide the following technical solutions:

A thin-film encapsulation structure of a flexible panel,
comprising: a first inorganic layer, a first organic layer, and
a second inorganic layer which are sequentially laminated,
and a first retaining wall, herein the first inorganic layer
covers on the flexible panel; wherein the number of the first
retaining wall is at least one, the first retaining wall is made
of hexamethyldisiloxane, and the at least one first retaining
wall is disposed at a peripheral of the first organic layer; and
wherein the second inorganic layer covers the first organic
layer and the first retaining wall.

Wherein when the first organic layer is a hydrophilic
material, a surface of the first retaining wall is hydrophobic;
when the first organic layer is a hydrophobic material, a
surface of the first retaining wall is hydrophilic.

Wherein the first retaining wall is disposed on the first
inorganic layer

Wherein the second inorganic layer and the first inorganic
layer are contacted.

Wherein the flexible panel further includes at least one
second retaining wall, a material of the second retaining wall
is polyimide and the second retaining wall is covered by the
first inorganic layer.

The present invention also relates to a thin-film encapsu-
lation method of a flexible panel, comprising following
steps: manufacturing a first inorganic layer on a flexible
panel; manufacturing a first retaining wall on a periphery of
a display region of the flexible panel, and a material of the
first retaining wall is hexamethyldisiloxane; manufacturing
a first organic layer in the display region of the flexible panel
such that the first organic layer is received in a receiving
cavity surrounded by the first retaining wall; and manufac-
turing a second inorganic layer to cover the first retaining
wall and the first organic layer.

Wherein when manufacturing the first retaining wall at
the peripheral of the display region, controlling a gas ratio
in the chemical deposition process according to hydrophilic-
hydrophobic property of material of the first organic layer to
be printed to obtain the first retaining wall having a surface
with hydrophobic-hydrophilic property different from the
hydrophilic/hydrophobic material.

Wherein before manufacturing the first inorganic layer,
manufacturing a second retaining wall, and a material of the
second retaining wall is polyimide; wherein the first inor-
ganic layer is manufactured at a peripheral of the second
retaining wall.

Wherein when manufacturing the first retaining wall at
the peripheral of the display region using a chemical depo-
sition, using another material to manufacture a third retain-
ing wall.

Wherein the first inorganic layer is manufactured by a
deposition method, the first retaining wall is manufactured
by a chemical deposition method, and the first organic layer
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is manufactured by an inkjet printing method, and the
second inorganic layer is manufactured by a chemical depo-
sition method.

The thin-film encapsulation structure of the present inven-
tion adopts the traditional inorganic layer-organic layer-
inorganic layer structure, and realizes blocking the erosion
of external water and oxygen, particle contamination, buff-
ering the stress in bending and folding process. More
importantly, by the hydrophilic/hydrophobic opposite
arrangement between the first retaining wall and the first
organic layer, when the surface of the first retaining wall and
the first organic layer are contact, a mutual dissolution will
not generate, which can greatly reduce the thickness of the
first retaining wall, and has a more simplified and reliable
retaining wall structure compared with the conventional
retaining wall structure, which helps to further narrow the
frame of the display region of the flexible OLED panel and
improve user experience.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a thin-film encapsulation
structure of the present invention.

FIG. 2 is a schematic diagram of a thin-film encapsulation
structure according to another embodiment of the present
invention.

FIG. 3 is a schematic diagram of a thin-film encapsulation
structure according to another embodiment of the present
invention.

FIG. 4 is a schematic diagram of a metal mask used in the
thin-film encapsulation structure of the present invention.

FIG. 5 is a schematic diagram of a metal mask used in the
thin-film encapsulation structure of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The following content combines with the drawings and
the embodiment for describing the present invention in
detail. It is obvious that the following embodiments are only
some embodiments of the present invention. For the person
of ordinary skill in the art without creative effort, the other
embodiments obtained thereby are still covered by the
present invention.

Referring to the thin-film encapsulation structure 100 of
FIG. 1, in the present embodiment, the thin-film encapsu-
lation structure 100 is packaged on a display region 210 of
a flexible panel 200, The display region 210 is disposed on
the glass substrate 200. The thin-film encapsulation structure
100 of the present invention is sequentially laminated with
a first inorganic layer 10, a first organic layer 20, and a
second inorganic layer 30, wherein the first inorganic layer
10 is directly covered on and contacting with the display
region 210, the first organic layer 20 is received within a first
retaining wall 40.

A material of the first retaining wall 40 is hexamethyld-
isiloxane, and the first retaining wall 40 receives the display
region 210, that is, the first retaining wall 40 and the first
organic layer 20 commonly cover the first inorganic layer
10. The second inorganic layer 30 covers the first organic
layer 20 and the first retaining wall 40. The first inorganic
layer 10 and the second inorganic layer 30 are both used to
block the erosion of external water and oxygen. Wherein the
second inorganic layer 30 can also protect the first retaining
wall 40 and the first organic layer 20 from erosion of
external water oxygen. The first organic layer 20 is mainly
used to cover the particle contaminants which are unavoid-
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4

able in the production process, buffer stress in the bending
and folding process in order to achieve buffering.

The first retaining wall 40 is typically prepared simulta-
neously with a planarization layer and a pixel definition
layer in the flexible panel 200, using the same metal mask
50 to perform a deposition, Because of the material prop-
erties of the first retaining wall 40, the hydrophilic and
hydrophobic of the first retaining wall 40 can be adjusted by
adjusting a ratio of process gases in the chemical deposition
process. When the first organic layer 20 is prepared as a
hydrophilic organic material, the surface tension of the first
retaining wall 40 is adjusted to be hydrophobic; when the
first organic layer 20 is prepared as a hydrophobic organic
material, the surface tension of the first retaining wall 40 is
adjusted to be hydrophilic. Such an arrangement can prevent
the outer surfaces of the first organic layer 20 and the first
retaining wall 40 from being mutually dissolved due to the
same hydrophilicity or the same hydrophobicity. Such an
arrangement can improve the blocking efficiency of the first
retaining wall 40, thereby reducing the volume and the
occupied area of the first retaining wall 40, and the corre-
sponding boundary width of the second inorganic layer 30 is
also reduced in order to achieve a miniaturization of the
entire thin-film encapsulation structure 100, thereby achiev-
ing a narrow frame effect of the entire flexible OLED screen.

It is to be noted that the thin-film encapsulation structure
100 described in the present invention is not limited to the
above structure, and in order to obtain a better encapsulation
effect, the manufacturer may continue to add protective layer
on the basis of the first inorganic layer 10, the first organic
layer 20 and the second inorganic layer 30, or increase other
retaining walls and the like prepared by any material inside
and outside of the first retaining wall 40 of the present
invention. As long as the thin-film encapsulation structure
includes the encapsulation structure described in the tech-
nical solution of the present invention, are all within the
scope of the claimed invention.

In another embodiment, the thin-film encapsulation struc-
ture 100 of the present invention is sequentially laminated
with a first inorganic layer 10, a first organic layer 20 and a
second inorganic layer 30, and at least one retaining wall for
receiving the first organic layer 20. It can be understood that
the at least one retaining wall may be one or multiple
retaining walls. The at least one retaining wall includes a
first retaining wall 40. It can be understood that when there
is only one of the at least one retaining wall, the at least one
retaining wall is the first retaining wall 40 (FIG. 1). When
the at least one retaining wall is multiple, the at least one of
the at least one retaining wall may include the first retaining
wall 40 or may all be formed by the first retaining wall 40
or a third retaining wall 41 (FIG. 2) made with other
material. The first organic layer 20 is received within the at
least one retaining wall.

The at least one retaining wall receives the display region
210, that is, the at least one first retaining wall 40 and the
first organic layer 20 commonly cover the first inorganic
layer 10. The second inorganic layer 30 covers the first
organic layer 20 and the at least one first retaining wall. The
first inorganic layer 10 and the second inorganic layer 30 are
both used to block the erosion of external water and oxygen.
Wherein the second inorganic layer 30 can also protect the
at least one first retaining wall 40 and the first organic layer
20 from corrosion of external water oxygen. The first
organic layer 20 is mainly used to cover the particle con-
taminants which are unavoidable in the production process,
buffer stress in the bending and folding process in order to
achieve buffering.
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It should be noted that, in this embodiment, the thin-film
encapsulation structure 100 is disposed on the display region
210 of the flexible OLED screen 200. In actual application,
the present embodiment may also be applied to a similar
structure for blocking the erosion of external water and
oxygen for an object to be packaged, and blocks the particle
contamination, buffer stress in the bending and folding.

The first retaining wall 40 and the second inorganic layer
30 may be disposed on the first inorganic layer 10. This
depends on whether the user pays more attention to the
thickness control of the packaged object or more attention to
the width control. In this embodiment, when the first retain-
ing wall 40 is not disposed on the first inorganic layer 10 and
is directly disposed on the glass substrate 220, the thickness
of the thin-film encapsulation structure 100 can be further
improved to be small, but the width of the first retaining wall
40 is necessarily greater. Conversely, when the first retaining
wall 40 is disposed on the first inorganic layer 10, the overall
width can be better controlled, but the corresponding thick-
ness is increased.

For the second inorganic layer 30, since the second
inorganic layer 30 has the same material and properties of
the first inorganic layer 10, the second inorganic layer 30 can
also block the erosion of the external water and oxygen.
Accordingly, the second inorganic layer 30 can be arbitrarily
disposed on the first inorganic layer 10 or above the glass
substrate 220, that is, the second inorganic layer 30 is
contacted with the glass substrate 220 and/or the first
inorganic layer 10. Such an arrangement can ensure that the
second inorganic layer 30 completely covers the at least one
retaining wall and the first organic layer 20. Because many
retaining walls are polymeric materials that are hygroscopic,
they will cause an intrusion of lateral water vapor. If the
second inorganic layer 30 can cover the at least one retaining
wall, the intrusion of the lateral water vapor can be reduced.

In one embodiment, the thickness of the first inorganic
layer 10 is set between 0.5 um and 1 pm, and various
deposition methods such as chemical deposition, atomic
deposition, and vapor deposition may be used. The material
of the first inorganic layer 10 is not limited to inorganic
materials commonly used in the art such as silicon nitride,
silicon oxide, silicon oxynitride or aluminum oxide, which
can increase the water and oxygen blocking property of the
flexible panel 100.

In one embodiment, the first organic layer 20 has a
thickness of 4 pm~10 pm, and is generally prepared by an
inkjet printing method. The material used for the first
organic layer 20 is not limited to acrylate or hexamethyld-
isiloxane, polyacrylates, polycarbonates, polystyrenes, and
the like, which are commonly used in the art, can buffer the
stress of the flexible panel 100 during bending, folding, and
coverage of particulate contaminants.

In one embodiment, the thickness of the second inorganic
layer is in a range of 0.5 pm~1 um. Like the first inorganic
layer, the method of fabrication may employ a chemical
deposition method, and the material used for the second
organic layer 30 is not limited. An inorganic material com-
monly used in the art such as silicon nitride, silicon oxide,
silicon oxynitride or aluminum oxide to increase the water
and oxygen blocking property of the flexible panel 100 can
be adopted.

In one embodiment, a thickness of the first retaining wall
40 is in a range of 0.01 pm~1 um and a width of the first
retaining wall 40 is in a range of 5 um~50 pm, since the first
retaining wall 40 is generally obtained in the preparation of
a planarization layer and a pixel definition layer by a same
metal mask 50, and the first retaining wall 40 cannot be
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defined as a completely continuous structure, otherwise the
corresponding metal mask 50 cannot be fabricated. The first
retaining wall 40 may be one layer, but because the retaining
wall structure is not completely continuous, multiple layers
may be provided to enhance the blocking effect. It should be
noted that the first retaining wall 40 may be formed on the
first inorganic layer 10 or may be disposed outside the first
inorganic layer 10.

In one embodiment, the flexible panel 200 further
includes at least one second retaining wall 42 (see FIG. 3),
and the polyimide retaining wall 42 is covered by the first
inorganic layer 10. The material of the second retaining wall
is polyimide, the second retaining wall 42 is located in the
thin-film encapsulation structure 100 of the present inven-
tion, and the second retaining wall 42 serves to reduce the
pressure acted on the first retaining wall 40 and/or the third
retaining wall 41.

The present invention also relates to a manufacturing
method for the thin-film encapsulation structure 100 of the
display region 210 of the flexible panel 200 described above.
The specific technical solution is as follows:

manufacturing a first inorganic layer 10 on the flexible
panel 200;

manufacturing a first retaining wall 40 on a periphery of
a display region 210 of the flexible panel 200;

manufacturing a first organic layer 20 in the display
region 210 of the flexible panel 200 such that the first
organic layer 20 is received in a receiving cavity surrounded
by the first retaining wall 40;

manufacturing a second inorganic layer 30 to cover the
first retaining wall 40 and the first organic layer 20.

In the manufacturing process of the method, the thin-film
encapsulation structure obtained by the above method is the
thin-film encapsulation structure 100 of the present inven-
tion, and the corresponding beneficial effects of the thin-film
encapsulation structure 100 of the present invention are also
existed, and will not be further described herein.

Wherein, in the manufacturing of the first retaining wall
40, a chemical deposition method is employed. And con-
trolling a gas ratio in the chemical deposition process
according to hydrophilic-hydrophobic property of material
of the first organic layer 20 to be printed to obtain the first
retaining wall 40 having a surface with hydrophobic-hydro-
philic property different from the hydrophilic/hydrophobic
material. Specifically, when the material of the first organic
layer 20 is hydrophilic, the surface of the first retaining wall
40 is prepared by controlling the gas ratio to make the
surface of the first retaining wall 40 to be hydrophobic; when
the first organic layer material is hydrophobic, controlling
the gas ratio in the process of preparing the first retaining
wall 40 such that the surface of the first retaining wall is
hydrophilic.

It should also be noted that the manufacturing method for
the thin-film encapsulation structure of the present invention
is not necessarily the entire processing steps of the entire
film encapsulation structure. As long as the corresponding
processing steps claimed in the method of the invention are
included in the process of film encapsulation, even prior to,
during or after the present processing method, some con-
ventional processing steps are added, as long as the final
obtained structure is not substantial affected are all subject
to the processing methods claimed herein.

In some embodiments, the first inorganic layer 10 is
prepared by a deposition method, a chemical deposition
method, an atomic deposition method, a vapor deposition
method, or the like. The thickness of the first inorganic layer
10 is in a range of 0.5 wm~1 um, and the material is not
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limited to inorganic materials commonly used in the art such
as silicon nitride, silicon oxide, silicon oxynitride or alumi-
num oxide to increase the water and oxygen blocking
resistance of the flexible panel 100.

In one embodiment, a second retaining wall 42 is formed
on the flexible panel 200 before forming the first inorganic
layer 10. The material of the second retaining wall 42 is
polyimide, and the second retaining wall 42 serves as a first
retaining wall to relieve the pressure of the first retaining
wall 40.

In one embodiment, when the first retaining wall 40 is
fabricated, a third retaining wall 41 made of other material
can be used. The third retaining wall 41 may be disposed in
the first retaining wall 40 or may be disposed outside the first
retaining wall 40. At the same time, the third retaining wall
needs to be covered by the inorganic layer to block the
moisture. The inorganic layer may be the second inorganic
layer 30 described herein, or may be another superimposed
inorganic layer. The third retaining wall 41 cooperates with
the second retaining wall 42 to relieve the pressure of the
retaining wall of the first retaining wall 40 and achieve a
better retaining wall effect.

In some embodiments, the first organic layer 20 is pre-
pared by an inkjet printing method having a thickness of 4
um to 10 um, and the material used for the first organic layer
20 is not limited to acrylate or hexamethyldisiloxane, poly-
acrylates, polycarbonates, polystyrenes, and the like, which
are commonly used in the art, can buffer the stress of the
flexible panel 100 during bending, folding, and coverage of
particulate contaminants.

In some embodiments, the second inorganic layer 30 is
prepared by a chemical deposition method with a thickness
of 0.5 pm to 1 pum, and the material used in the second
organic layer 30 is not limited to silicon nitride, silicon
oxide, silicon oxynitride or aluminum oxide, and the like,
which is commonly used in the art to increase the water and
oxygen blocking resistance of the flexible panel 100.

It is to be noted that the first retaining wall 40 has a
thickness in a range of 0.01 um and 1 pm and a width in a
range of 5 um and 50 pum, and the first retaining wall 40 is
simultaneously prepared with the planarization layer and the
pixel definition layer in the flexible panel. The metal mask
50 used is as shown in FIG. 4, that is, the first retaining wall
40 cannot be a completely continuous structure, otherwise
the corresponding metal mask 50 cannot be manufactured.
Because the first retaining wall 40 is not completely con-
tinuous, the number of layers of the retaining wall groove 51
in the metal mask 50 may be one layer or multiple layers (see
FIG. 5) to improve the blocking effect of the first retaining
wall 40.

The film encapsulation structure of the present invention
comprises a first inorganic layer, a first organic layer and a
second inorganic layer structure, wherein the first organic
layer is prepared by using hexamethyldisiloxane which is an
organic material to form the first retaining wall. The hydro-
philicity/hydrophobicity between the first retaining wall and
the first organic layer is oppositely disposed such that the
surface of the first retaining wall and the first organic layer
do not mutually dissolve when contacted. The feature can
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greatly reduce the thickness of the at least one retaining wall.
At the same time, it is ensured that the flexible panel display
region is shielded from external water oxygen, covering the
particle contaminant of the flexible panel, buffering the
stress during bending and folding. Compared with the tra-
ditional retaining wall structure, it has more simplified and
more reliable features. The thin film encapsulation structure
manufactured by the method of the present invention helps
to further narrow the frame of the flexible OLED screen
display region and improve the user experience because of
the miniaturization of the volume.

The above embodiment does not constitute a limitation of
the scope of protection of the present technology solution.
Any modifications, equivalent replacements and improve-
ments based on the spirit and principles of the above
embodiments should also be included in the protection scope
of the present technology solution.

What is claimed is:

1. A thin-film encapsulation structure of a flexible panel,
comprising:

a first inorganic layer, a first organic layer, and a second

inorganic layer which are sequentially laminated; and

a first retaining wall;

wherein the first inorganic layer covers on the flexible

panel;
wherein the number of the first retaining wall is at least
one, the first retaining wall is made of hexamethyld-
isiloxane, and the at least one first retaining wall is
disposed at a peripheral of the first organic layer; and

wherein the second inorganic layer covers the first organic
layer and the first retaining wall,

wherein when the first organic layer is a hydrophilic

material, a surface of the first retaining wall is hydro-
phobic; and when the first organic layer is a hydropho-
bic material, a surface of the first retaining wall is
hydrophilic.

2. The thin-film encapsulation structure of a flexible panel
according to claim 1, wherein the first retaining wall is
disposed on the first inorganic layer.

3. The thin-film encapsulation structure of a flexible panel
according to claim 2, wherein the second inorganic layer and
the first inorganic layer are contacted.

4. The thin-film encapsulation structure of a flexible panel
according to claim 3, wherein the flexible panel further
includes at least one second retaining wall, a material of the
second retaining wall is polyimide and the second retaining
wall is covered by the first inorganic layer.

5. The thin-film encapsulation structure of a flexible panel
according to claim 2, wherein the flexible panel further
includes at least one second retaining wall, a material of the
second retaining wall is polyimide and the second retaining
wall is covered by the first inorganic layer.

6. The thin-film encapsulation structure of a flexible panel
according to claim 1, wherein the flexible panel further
includes at least one second retaining wall, a material of the
second retaining wall is polyimide and the second retaining
wall is covered by the first inorganic layer.

* #* * #* #®
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