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(7) ABSTRACT

A package thin film and a manufacturing method thereof, a
light emitting device, a display panel and a display device
are provided. The package thin film may comprise: a nano
material layer or a polycation organic material layer, a
moisture absorption layer formed on the nano material layer
or the polycation organic material layer, a sealing layer for
sealing the nano material layer or the polycation organic
material layer and the moisture absorption layer. The pack-
age structure provided by embodiments of the present inven-
tion is formed by alternate assembly of materials (the nano
material layer or the polycation organic material layer and
the moisture absorption layer) with different charges.
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PACKAGE THIN FILM AND
MANUFACTURING METHOD THEREOF,
LIGHT EMITTING DEVICE, DISPLAY
PANEL AND DISPLAY DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to a light emitting
device, particularly to a package thin film, a method of
manufacturing a package thin film, a display panel and a
display device.

BACKGROUND OF THE INVENTION

[0002] The package structure of the organic light emitting
device is an importance part of the organic light emitting
device, because the package structure plays the function of
blocking water and oxygen, so as to protect normal opera-
tion of the organic light emitting device. The packaging
method of the conventional organic light emitting device at
present is performing packaging through package glass,
which can play the function of blocking water and oxygen
perfectly. However, the package glass generally has a great
thickness; moreover, moisture absorbent should be attached
additionally; thus, the thickness of the organic light emitting
device will be increased. Moreover, due to the rigidity and
stiffness of the package glass, it is difficult to apply such an
organic light emitting device on a curved surface display
screen. Hence, the defects of the conventional packaging
method of the organic light emitting device becomes more
and more obvious. In the prior art, another alternative
packaging method of the organic light emitting device is a
method of depositing organic and inorganic thin films suc-
cessively. This method can achieve the aim of flexibility, and
can also reduce the thickness of the device. However, this
method should be performed with expensive deposition
device under high vacuum conditions, the cost is generally
high.

SUMMARY OF THE INVENTION

[0003] Therefore, improved method and device are
urgently required to overcome the existing defects in the
prior art.

[0004] In view of this, a package thin film, a method of
manufacturing the package thin film, as well as an organic
light emitting device, a display panel and a display device
are provided, which can solve or at least mitigate at least part
of the defects existing in the prior art.

[0005] According to a first aspect of the present invention,
a package thin film is provided, which may comprise: a nano
material layer or a polycation organic material layer, a
moisture absorption layer formed on the nano material layer
or the polycation organic material layer, a sealing layer for
sealing the nano material layer or the polycation organic
material layer and the moisture absorption layer.

[0006] By means of the package thin film, a moisture
absorption layer is formed on the nano material layer or the
polycation organic material layer, and the nano material
layer or the polycation organic material layer and the mois-
ture absorption layer are sealed using a sealing layer. In this
way, it helps to performing self assembly of each layer
according to the principle of layered assembly, so as to
achieve the purpose of constructing the package thin film
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through a simple immersion method. The aim of blocking
water and oxygen perfectly can be achieved by selecting
appropriate materials.

[0007] The package thin film provided by the embodiment
of the present invention is a thin film structure, which has
excellent flexibility, can be applied on a flexible device, and
can realize good compatibility with a roll to roll process.
[0008] The package thin film provided by the embodiment
of the present invention is realized through alternate con-
struction of different materials. At least part of the materials
per se have the characteristics of moisture absorption etc.,
which can achieve the effect of blocking water and oxygen
perfectly; moreover, they have better capability of blocking
water and oxygen than a single material.

[0009] Such a package thin film provided by the embodi-
ment of the present invention is formed by alternate assem-
bly of materials (the nano material layer or the polycation
organic material layer and the moisture absorption layer)
with different charges. Different from the vacuum coating
method of the prior art, each layer of the package thin film
is constructed using a self-assembly method by means of
being immersed in a solution, and does not needs expensive
vacuum devices anymore. Thereby, the cost is reduced
apparently and the manufacturing process is simple, large
area manufacturing can be performed. As for how to con-
struct it using the self-assembly method by means of being
immersed in the solution, it will be described in detail below.
[0010] In an embodiment of the present invention, the
moisture absorption layer is a montmorillonite layer. The
montmorillonite material is a conventional nanocomposite
material, it is a layered Silicate non metallic nano mineral,
and has characteristics of good dispersion, distensibility,
water absorption and low price etc., and has an extremely
wide application scope.

[0011] In another embodiment of the present invention,
the nano material layer or the polycation organic material
layer and the moisture absorption layer are alternately
stacked. In the event that the nano material layer or the
polycation organic material layer and the moisture absorp-
tion layer are alternately stacked, a package thin film of a
particular thickness can be formed as needed, which is
favorable for achieving the effect of blocking water and
oxygen better.

[0012] In a further embodiment of the present invention,
the nano material layer may be a nano particle layer or a
nano fiber layer. The polycation organic material layer may
be a polyamine material layer, for example, a branched
polyethylene amine (PEI) layer or a poly(diallyldimethyl-
ammonium chloride) (PDDA) layer, etc.

[0013] According to a second aspect of the present inven-
tion, a method of manufacturing a package thin film is
provided, which may comprise the steps of: S1, performing
pretreatment to a substrate, thereby a surface thereof being
provided with positive charges or negative charges; S2,
immersing the pretreated substrate in a nano material solu-
tion with contrary charges with respect to those in the step
S1; S3, taking out and drying the substrate to form a nano
material layer or a polycation organic material layer attached
on the substrate; S4, immersing the substrate with the nano
material layer or the polycation organic material layer in a
moisture absorbent solution with charges contrary to the
nano material solution; S5, taking out and drying the sub-
strate again to form a moisture absorption layer attached on
the nano material layer or the polycation organic material
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layer; S6, immersing the substrate in a sealant solution; S7,
taking out the substrate again so as to cure the sealant
adhered to the nano material layer or the polycation organic
material layer and the moisture absorption layer to form a
sealing layer; S8. stripping the sealing layer from the sub-
strate.

[0014] By means of the method of manufacturing a pack-
age thin film provided by the embodiment of the present
invention, a moisture absorption layer is formed on the nano
material layer or the polycation organic material layer, and
the nano material layer or the polycation organic material
layer and the moisture absorption layer are sealed using a
sealing layer. In this way, it helps to performing self assem-
bly of each layer according to the principle of layered
assembly, so as to achieve the purpose of constructing the
package thin film through a simple immersion method. The
aim of blocking water and oxygen perfectly can be achieved
by selecting appropriate materials.

[0015] The package thin film manufactured by using the
above mentioned method is a thin film structure, which has
excellent flexibility, can be applied on a flexible device, and
can realize good compatibility with a roll to roll process.

[0016] Such a packaging method of an organic light emit-
ting device provided by the embodiment of the present
invention is formed by alternate assembly of materials (the
nano material layer or the polycation organic material layer
and the moisture absorption layer) with different charges.
Different from the vacuum coating method of the prior art,
each layer of the package thin film is constructed using a
self-assembly method by means of being immersed in a
solution, and does not needs expensive vacuum devices
anymore. Thereby, the cost is reduced apparently and the
manufacturing process is simple, large area manufacturing
can be performed.

[0017] In an embodiment of the present invention, the
moisture absorbent is a montmorillonite solution. Alterna-
tively, the moisture absorption layer is a montmorillonite
layer. The montmorillonite material is a conventional nano-
composite material, it is a layered Silicate non metallic nano
mineral, and has characteristics of good dispersion, disten-
sibility, water absorption and low price etc., and has an
extremely wide application scope.

[0018] In another embodiment of the present invention,
steps S2-S5 are repeated for several times to form alternately
stacked nano material layers or polycation organic material
layers and moisture absorption layers. In the event that the
nano material layer or the polycation organic material layer
and the moisture absorption layer are alternately stacked, a
package thin film of a particular thickness can be formed as
needed, which is favorable for achieving the effect of
blocking water and oxygen better.

[0019] In a further embodiment of the present invention,
the nano material layer may be a nano particle layer or a
nano fiber layer. The polycation organic material layer may
be a polyamine material layer, for example, a branched
polyethylene amine (PEI) layer or a poly(diallyldimethyl-
ammonium chloride)(PDDA) layer, etc.

[0020] According to a third aspect of the present inven-
tion, an organic light emitting device packaged using the
above mentioned package thin film and/or using a package
thin film manufactured by the above mentioned method of
manufacturing a package thin film is provided.
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[0021] According to a fourth aspect of the present inven-
tion, a display panel is provided, comprising the above
mentioned organic light emitting device.

[0022] According to a fifth aspect of the present invention,
a display device is provided, comprising the above men-
tioned display panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a package thin film according to an
embodiment of the present invention.

[0024] FIG. 2 is a flow chart of manufacturing a package
thin film according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

[0025] Next, the respective embodiments of the present
invention will be described in detail with reference to FIGS.
1-2 of the present invention.

[0026] FIG. 2 is a flow chart of manufacturing a package
thin film according to an embodiment of the present inven-
tion. The method of manufacturing a package thin film as
shown in FIG. 2 can comprise the steps of:

[0027] At step S1, pretreatment is performed to a substrate
1, thereby the surface thereof is provided with positive
charges or negative charges. The substrate 1 is a conven-
tional glass substrate or other deposition substrate. The
pretreatment method adopted can be oxygen plasma treat-
ment or other electrochemical treatment, which aims to
provide positive charges or negative charges to the surface
of the substrate 1 with the pretreatment. The step S1 of FIG.
2 shows that the surface of the substrate 1 carries negative
charges 9 after the pretreatment. Alternatively, the surface of
the substrate 1 can also carry positive charges after the
pretreatment.

[0028] At step 32, the pretreated substrate 1 is immersed
in a nano material solution 5 with contrary charges with
respect to those in the step S1. If the surface of the pretreated
substrate 1 carries positive charges, the nano material solu-
tion 5 to be used subsequently should carry negative
charges; if the surface of the pretreated substrate 1 carries
negative charges, the nano material solution 5 to be used
subsequently should carry positive charges. The purpose of
enabling the charges carried by the surface of the pretreated
substrate 1 to be contrary to the charges carried by the nano
material solution 5 lies in, after immersing the pretreated
substrate 1 in the nano material solution 5 with contrary
charges for a period of time, enabling the nano material
particles with positive charges to be adsorbed to the surface
of the substrate 1 with negative charges or enabling the nano
material particles with negative charges to be adsorbed to the
surface of the substrate 1 with positive charges, so as to form
a layer of uniform nano material layer by means of the
drying process to be mentioned later through intermolecular
electrostatic force (Van der Waals’ force). The step S2 in
FIG. 2 shows that the pretreated substrate 1 with negative
charges is immersed in a solution 5 of nano material 2 with
positive charges. The pretreated substrate 1 with negative
charges immersed in a solution 5 of nano material 2 with
positive charges as shown in step S2 in FIG. 2 is only an
example, which has no restrictive meaning. The solution 5
of nano material 2 with positive charges generally contains
solvent and solute, the solute is the nano material 2 with
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positive charges, the solvent is generally a solvent having
volatility. The solvent needs to be volatilized completely in
the following step S3. Alternatively, the pretreated substrate
1 as shown in step S2 of FIG. 2 can also be immersed in a
solution of polycation organic material with positive
charges, in the following several steps of this embodiment,
a solution of polycation organic materials e.g. branched
polyethylene amine (PEI) or poly(diallyldimethylammo-
nium chloride) (PDDA) is used. The nano material 2 and the
solution 5 of nano material 2 mentioned in the following
steps or in the following embodiments are only for the
convenience of explanation, and have no restrictive mean-
ings. It should be noted that the polycation organic materials
e.g. branched polyethylene amine (PEI) or poly(diallyldim-
ethylammonium chloride) (PDDA) and the solution of poly-
cation organic materials can also be used in the following
situations where the nano material 2 and the solution 5 of
nano material 2 are used.

[0029] At step S3, the substrate 1 is taken out and dried,
so as to enable the solvent in the nano material solution 5
attached on the surface of the substrate 1 to be volatilized
completely, thereby forming a nano material layer 2 attached
on the substrate 1. The step S3 of FIG. 2 shows that a nano
material layer 6 with positive charges is formed after the
solvent in the nano material solution 5 on the surface of the
substrate 1 is dried and volatilized completely. In respective
embodiments of the present invention, the nano material
layer 6 may be a nano particle layer or a nano fiber layer. The
nano particles can be particles of platinum black, silver,
alumina, zinc oxide, titanjum dioxide etc., and the nano
fibers can be nanotubes or nanowires. In a modified embodi-
ment of the present invention, in the case of using a
polycation organic material and a solution of plycation
organic material, the polycation organic material layer
formed correspondingly can be a polyamine material layer,
e.g., a branched polyethylene amine (PEI) layer or a poly
(diallyldimethylammonium chloride) (PDDA) layer, etc.

[0030] At step S4, the substrate with the nano material
layer is immersed in a moisture absorbent solution with
charges contrary to the nano material solution. The step S4
of FIG. 2 schematically shows immersing the substrate 1
with the nano material layer 6 with positive charges in a
moisture absorbent solution with negative charges. In
respective embodiments of the present invention, the mois-
ture absorbent solution can be a montmorillonite solution.
The montmorillonite material is a conventional nanocom-
posite material, it is a layered Silicate non metallic nano
mineral, and has characteristics of good dispersion, disten-
sibility, water absorption and low price etc., and has an
extremely wide application scope. The moisture absorbent
solution with negative charges also contains solvent and
solute generally, the solute can be moisture absorbent par-
ticles 3 with negative charges, e.g., montmorillonite par-
ticles, the solvent is also a solvent having volatility gener-
ally. The solvent needs to be volatilized completely in the
following step SS.

[0031] At step S5, the substrate is taken out and dried
again to form a moisture absorption layer attached on the
nano material layer. After the substrate is taken out, a
moisture absorption layer 7 is formed on the nano material
layer 6 of the substrate after the solvent in the moisture
absorbent solution e.g., the montmorillonite solution,
attached on the nano material layer 6 of the substrate is
volatilized completely. The moisture absorption layer 7
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formed by moisture absorption components such as mont-
morillonite has strong water absorption and moisture
absorption capability. After the moisture absorbent compo-
nent such as montmorillonite absorbs water or moisture, it is
stiffened generally and the viscosity increases, which is
benefit for blocking subsequent moisture and oxygen,
thereby playing the function of blocking water and oxygen.
The moisture absorbent component such as montmorillonite
as referred to here is only an example, and has no restrictive
meaning. The skilled person in the art, based on the teaching
of this disclosure, can also achieve the teaching of this
disclosure by using other moisture absorbents. The step S5
of FIG. 2 shows that the moisture absorption layer 7 with
negative charges is formed on the nano material layer 6 with
positive charges. The mode of immersion is used either in
the preceding step S3 for forming the nano material layer on
the surface of the substrate or in the step S5 for forming the
moisture absorption layer 7 on the nano material layer 6, by
means of opposites attract of the positive and negative
charges, the nano material layer 6 and the moisture absorp-
tion layer 7 are formed using the method of self assembly,
thus it can help to performing self assembly of each layer
based on the principle of layered assembly, thereby achiev-
ing the purpose of constructing the package thin film
through a simple immersion method. The aim of blocking
water and oxygen perfectly can be achieved by selecting
appropriate materials.

[0032] As needed, the steps S2-S5 can be repeated for
several times to form alternately stacked nano material
layers and moisture absorption layers. For example, alter-
nately stacked layers of nano material layer 6, moisture
absorption layer 7, nano material layer 6, moisture absorp-
tion layer 7, nano material layer 6, moisture absorption layer
7 ... are formed on the substrate 1. The moisture absorption
layer 7 in respective embodiments of the present invention
may be a montmorillonite layer.

[0033] At step S6, the substrate is immersed in a sealant
solution 8. The sealant solution 8 used in respective embodi-
ments of the present invention can be an epoxy resin
solution, a rubber packaging material solution, or a modified
silicone resin solution etc.

[0034] At step S7, the substrate is taken out again so as to
cure the sealant adhered on the nano material layer 6 and the
moisture absorption layer 7 to form a sealing layer 4.

[0035] At step S8, the sealing layer 4 is stripped from the
substrate, a complete package thin film 10 is then obtained
after stripping. The package thin film 10 can be used for
packaging the subsequent organic light emitting device.

[0036] According to the manufacturing method of a pack-
age thin film provided by embodiments of the present
invention, the package thin film is formed by alternate
assembly of materials (the nano material layer or the poly-
cation organic material layer and the moisture absorption
layer) with different charges. Different from the vacuum
coating method of the prior art, each layer of the package
thin film manufactured by the embodiment of the present
invention is constructed using a self-assembly method by
means of being immersed in a solution. Thus, expensive
vacuum devices will not be needed anymore, thereby, the
cost is reduced apparently and the manufacturing process is
simple, large area manufacturing can be performed.

[0037] The package thin film manufactured by using the
above mentioned method is a thin film structure, which has
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excellent flexibility, can be applied on a flexible device, and
can realize good compatibility with a roll to roll process.
[0038] FIG. 1 is a package thin film according to an
embodiment of the present invention. FIG. 1 shows a
package thin film 10 manufactured on a substrate 1. The
package thin film 10 may comprise: a nano material layer 6,
a moisture absorption layer 7 formed on the nano material
layer 6, and a sealing layer 4 for sealing the nano material
layer 6 and the moisture absorption layer 7. In the schematic
view as shown in FIG. 1, four layers of nano material layer
6 and three layers of moisture absorption layer 7 are shown.
The skilled person in the art can understand that the nano
material layer 6 and the moisture absorption layer 7 can be
alternately stacked as needed, so as to obtain a particle
thickness. Therefore, the four layers of nano material layer
6 and the three layers of moisture absorption layer 7 are only
schematic, which does not intend to limit the present inven-
tion.
[0039] Such a packaging structure of an organic light
emitting device provided by the embodiment of the present
invention is formed by alternate assembly of materials (the
nano material layer or the polycation organic material layer
and the moisture absorption layer) with different charges.
Different from the vacuum coating method of the prior art,
each layer of the package structure is constructed using a
self-assembly method by means of being immersed in a
solution, and does not needs expensive vacuum devices
anymore. Thereby, the cost is reduced apparently and the
manufacturing process is simple, large area manufacturing
can be performed.
[0040] The package thin film provided by the embodiment
of the present invention is a thin film structure, which has
excellent flexibility, can be applied on a flexible device, and
can realize good compatibility with a roll to roll process.
[0041] In an embodiment of the present invention, the
moisture absorption layer 7 may be a montmorillonite layer.
[0042] In another embodiment of the present invention,
the nano material layer 6 may be a nano particle layer or a
nano fiber layer. The nano particles can be particles of
platinum black, silver, alumina, zinc oxide, titanium dioxide
etc., and the nano fibers can be nanotubes or nanowires.
[0043] An embodiment of the present invention further
provides an organic light emitting device packaged using the
above mentioned package thin film and/or using the package
thin film manufactured by the above mentioned method.
[0044] An embodiment of the present invention further
provides a display panel, which may comprise the above
mentioned organic light emitting device.
[0045] An embodiment of the present invention further
provides a display device, which may comprise the above
mentioned display panel.
[0046] Although the present invention has been described
with reference to the above mentioned embodiments, it
should be understood that the present invention is not
limited to the disclosed embodiments. On the contrary, the
present invention aims to cover various modifications and
equivalent arrangements included within the spirit and scope
of the attached claims. The scopes of the following claims
comply with the most extensive explanation so as to cover
each of such modifications and equivalent structures and
functions.

1. A package thin film, comprising:

a nano material layer or a polycation organic material

layer,
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a moisture absorption layer formed on the nano material
layer or the polycation organic material layer,

a sealing layer for sealing the nano material layer or the
polycation organic material layer and the moisture
absorption layer.

2. The package thin film according to claim 1, wherein the

moisture absorption layer is a montmorillonite layer.

3. The package thin film according to claim 1, wherein the
nano material layer or the polycation organic material layer
and the moisture absorption layer are alternately stacked.

4. The package thin film according to claim 1, wherein the
nano material layer is a nano particle layer or a nano fiber
layer.

5. The package thin film according to claims 1, wherein
the polycation organic material layer is a polyamine material
layer.

6. A method of manufacturing a package thin film, com-
prising the steps of:

performing pretreatment to a substrate, thereby a surface
thereof being provided with positive charges or nega-
tive charges;

immersing the pretreated substrate in a nano material
solution with contrary charges with respect to those in
the step S1;

taking out and drying the substrate to form a nano material
layer or a polycation organic material layer attached on
the substrate;

immersing the substrate with the nano material layer or
the polycation organic material layer in a moisture
absorbent solution with charges contrary to the nano
material solution;

taking out and drying the substrate again to form a
moisture absorption layer attached on the nano material
layer or the polycation organic material layer;

immersing the substrate in a sealant solution;

taking out the substrate again so as to cure the sealant
adhered to the nano material layer or the polycation
organic material layer and the moisture absorption
layer to form a sealing layer; and

stripping the sealing layer from the substrate.

7. The method of manufacturing a package thin film
according to claim 6, wherein the moisture absorbent solu-
tion is a montmotillonite solution.

8. The method of manufacturing a package thin film
according to claim 6, wherein the moisture absorption layer
is a montmorillonite layer.

9. The method of manufacturing a package thin film
according to claim 6, wherein the immerging the pre-treated
substrate in the nano material solution, taking out and
drying, immersing the substrate in a moisture absorbant
solution, and taking out and drying again are repeated for
several times to form alternately stacked nano material
layers or polycation organic material layers and moisture
absorption layers.

10. The method of manufacturing a package thin film
according to claim 6, wherein the nano material layer is a
nano particle layer or a nano fiber layer.

11. The method of manufacturing a package thin film
according to claim 6, wherein the polycation organic mate-
rial layer is a polyamine material layer.

12. An organic light emitting device packaged using
package thin film manufactured by the method of manufac-
turing a package thin film as claimed in claim 6.
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13. A display panel, comprising an the organic light
emitting device as claimed in claim 12.

14. A display device, comprising the display panel as
claimed in claim 13.

15. An organic light emitting device packaged using the
package thin film as claimed in claim 1.

16. A display panel, comprising the organic light emitting
device as claimed in claim 15.

17. A display device, comprising the display panel as
claimed in claim 16.
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