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(57) ABSTRACT

Embodiments of the disclosure provide a thin film packag-
ing structure including a flexible thin film used for packag-
ing a light-emitting display device, wherein the flexible thin
film includes at least two layers of organic film layer, at least
one layer of inorganic film layer and a light extraction film
layer, each layer of the inorganic film layer is located
between the two layers of the organic film layer, the light
extraction film layer is located between the two layers of
organic film layer or located on the outer surface of the
outermost layer of the organic film layer, and the light
extraction film layer includes a plurality of microstructures
with the function of light extraction. The thin film packaging
structure provided by embodiments of the disclosure can
improve the luminous efficiency of the organic light-emit-
ting display device packaged by the thin film packaging
structure.
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Figure 3

101
fabricating the organic film layer by ink jet pristing process or chemical vapor deposition process and |/
curing
4
coating inorganic material solution en the organic film layer, roasting and curing by ultraviolet curing | - 102
process to form the inorganic film layer; or fabricating the inorganic film layer on the organic film |
fayer by atemic layer deposition process
¥ -~-103
repeating step 101 and step 102 in erder several times to form an alternative structure of the inorganic |/
film layer and the inorganic film layer
3
S e S . o 104
fabricating the organic film layer and forming a light extraction film layer on the organic film layer, |/
wherein the light extraction film layer comprises a plurality of micrestructures with the function of
light extraction
105

forming the organic film layer on the light extraction film layer, or forming an alternative structure of
the organic film layer and the inorganic film layer after forming the organic film layer on the fight
extraction film layer

Figure 4



US 2017/0133632 Al

THIN FILM PACKAGING STRUCTURE,
METHOD FOR FABRICATION THEREOF
AND DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a National Stage entry of PCT/
CN2016/076592 filed Mar. 17, 2016, which claims the
benefit and priority of Chinese Patent Application No.
201510198118.4, filed on Apr. 23, 2015, the disclosures of
which are incorporated by reference herein in their entirety
as part of the present application.

BACKGROUND

[0002] The embodiments of the disclosure relate to thin
film packaging structure, method for fabrication thereof and
display device.

[0003] Active light-emitting device (such as organic light-
emitting diode (OLED) device) has advantages of thin and
light, wide angle of view, low power dissipation, fast
response speed, capable of flexible display, therefore it has
been widely used in the field of display and lighting.
[0004] However, the light extraction efliciency of the
active light-emitting device (such as the OLED device) is
lower. For example, the loss of luminous efficiency is greater
due to the existence of microcavity structure between the
electrode layer and the substrate in the OLED device.
Therefore, a solution is required to improve the light extrac-
tion efficiency.

BRIEF DESCRIPTION

[0005] Embodiments of the disclosure provide a thin film
packaging structure, a method for fabrication thereof and a
display device, which can solve the problem of the light
extraction efficiency.

[0006] According to the first aspect of the disclosure, there
is provided a thin film packaging structure including a
flexible thin film used for packaging a light-emitting display
device, the flexible thin film including at least two layers of
organic film layer, at least one layer of inorganic film layer
and a light extraction film layer, each layer of the inorganic
film layer being located between the two layers of organic
film layer, the light extraction film layer being located
between the two layers of organic film layer or located on the
outer surface of the outermost layer of the organic film layer,
and the light extraction film layer including a plurality of
microstructures with the function of light extraction.
[0007] According to an embodiment of the disclosure, the
microstructures include conical, cylindrical and/or spherical
structure.

[0008] According to an embodiment of the disclosure, the
materials of the light extraction film layer include organic
materials and/or inorganic materials.

[0009] According to an embodiment of the disclosure, a
protecting layer is set on the light extraction film layer when
the light extraction film layer is set on the outer surface of
the outmost layer of the organic film layer.

[0010] According to an embodiment of the disclosure, the
materials of the protecting layer include organic resin.
[0011] According to an embodiment of the disclosure, flat
materials are set on the light extraction film layer.
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[0012] According to an embodiment of the disclosure, the
flat materials are ultraviolet curing materials or thermal
curing materials.

[0013] According to the second aspect of the disclosure,
there is provided a display device including a light-emitting
display device and the above thin film packaging structure
covering on the light-emitting display device.

[0014] According to the third aspect of the disclosure,
there is provided a method for fabricating a thin film
packaging structure. The method includes fabricating a
flexible thin film including at least two layers of organic film
layer, at least one layer of inorganic film layer and a light
extraction film layer, wherein each layer of the inorganic
film layer 1s located between the two layers of organic film
layer, the light extraction film layer is located between the
two layers of organic film layer or located on the outer
surface of the outermost layer of the organic film layer, and
the light extraction film layer includes a plurality of micro-
structures with the function of light extraction.

[0015] According to an embodiment of the disclosure, the
microstructures include conical, cylindrical and/or spherical
structure.

[0016] According to an embodiment of the disclosure, the
materials of the light extraction film layer include organic
materials and/or inorganic materials.

[0017] According to an embodiment of the disclosure, the
light extraction film layer is fabricated by printing process or
heat evaporation plating process in vacuum.

[0018] According to an embodiment of the disclosure, a
protecting layer is set on the light extraction film layer when
the light extraction film layer is set on the outer surface of
the outmost layer of the organic film layer.

[0019] According to an embodiment of the disclosure, the
materials of the protecting layer include organic resin.
[0020] According to an embodiment of the disclosure, the
method for fabricating the thin film packaging structure
further includes performing planarization processing on the
surface of the light extraction film layer.

[0021] According to an embodiment of the disclosure,
performing the planarization processing on the surface of the
light extraction film layer by ultraviolet curing process,
which includes coating ultraviolet curing materials on the
surface of the light extraction film layer and curing the
ultraviolet curing materials, or coating thermal curing mate-
rials on the surface of the light extraction film layer and
thermocuring the thermal curing materials.

[0022] According to an embodiment of the disclosure, the
organic film layer is fabricated by ink jet printing process or
chemical vapor deposition process and cured.

[0023] According to an embodiment of the disclosure,
coating inorganic material solution on the organic film layer,
roasting and curing by ultraviolet curing process and form-
ing the inorganic film layer, or fabricating the inorganic film
layer on the organic film layer by atomic layer deposition
process.

[0024] The thin film packaging structure of embodiments
of the disclosure, by setting the light extraction film layer
with the function of light extraction, can improve the lumi-
nous efficiency of the light-emitting display device packaged
by the thin film packaging structure. In addition, the thin film
packaging structure of the disclosure can cause the packag-
ing structure to effectively prevent the permeation of exter-
nal oxygen and water into the light-emitting display device
by alternately setting the organic film layer and the inorganic
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film layer, and satisfy the package performance of the
light-emitting display device. The packaging structure and
process thereof can be applied to the packaging of flexible
display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] In order to illustrate the technique solution of
embodiments of the present disclosure more clearly, the
accompanying drawings will hereinafter be introduced
briefly. It is obvious that the accompanying drawings in the
following description are only related to some embodiments
of the present disclosure and should not be construed as
limiting the present disclosure.

[0026] FIG. 1 is a schematic structure diagram of a thin
film packaging structure according to an embodiment of the
disclosure;

[0027] FIG. 2 is a schematic structure diagram of another
thin film packaging structure according to an embodiment of
the disclosure;

[0028] FIG. 3 is a schematic structure diagram of a thin
film packaging structure according to another embodiment
of the disclosure; and

[0029] FIG. 4 is a flow chart of a method for fabricating
a thin film packaging structure according to an embodiment
of the disclosure.

DETAILED DESCRIPTION

[0030] To make the technical solutions and advantages of
embodiments of the present disclosure more clear, the
technical solutions of embodiments of the present disclosure
will be described below clearly and completely in connec-
tion with the accompanying drawings of embodiments of the
present disclosure. It is obvious that the described embodi-
ments are only some, but not all the embodiments of the
present disclosure. Based on the embodiments of the dis-
closure, all the other embodiments made by those of ordi-
nary skill in the art without the premise of creative work
belong to the scope of protection of the disclosure.

[0031] It is noted that though the embodiments of the
disclosure are mainly described in the context of the organic
light-emitting display device, it can be understood by those
skilled in the art that the embodiments of the disclosure may
be applied to any other suitable light emitting display
devices, rather than only limited to the organic light emitting
display device.

[0032] FIG. 1 is a schematic structure diagram of a thin
film packaging structure according to an embodiment of the
disclosure, and FIG. 2 is a schematic structure diagram of
another thin film packaging structure according to an
embodiment of the disclosure. As can be seen from FIGS. 1
and 2, the thin film packaging structures of the embodiments
include a flexible thin film used for packaging a light-
emitting display device, the flexible thin film includes at
least two layers of organic film layer 1, at least one layer of
inorganic film layer 2 and a light extraction film layer 3, each
layer of the inorganic film layer 2 is located between the two
layers of organic film layer 1, the light extraction film layer
3 is located between the two layers of organic film layer 2
(see FIG. 1) or located on the outer surface of the outermost
layer of the organic film layer 1 (see FIG. 2), and the light
extraction film layer 3 includes a plurality of microstructures
with the function of light extraction. In general, the thin film
packaging structure of embodiments of the disclosure is set
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at the light emitting side of the light emitting display device,
i.e., the light emitted by the light emitting display device can
pass the thin film packaging structure.

[0033] In addition to the flexible thin film, FIGS. 1 and 2
further show the composition and structure of one of the
light emitting display devices which can be packaged by the
flexible thin film, wherein the light emitting display device
is an organic light-emitting display device in this embodi-
ment. With reference to FIG. 2, a first electrode (such as an
anode) is denoted by 5, a hole injection layer is denoted by
6, a hole transport layer is denoted by 7, an organic light
emitting layer is denoted by 8, an electron transfer layer is
denoted by 9, and a second electrode (such as a cathode) is
denoted by 10. Wherein the light extraction film layer 3 can
completely covers the organic light emitting layer 8 of the
organic light emitting display device. The composition and
structure of the organic light emitting display device in FIG.
1 is same as that in FIG. 2, therefore it is not marked in detail
in FIG. 1. In addition, the flexible thin film can package any
other light emitting display devices with suitable structure,
rather than is not limited to only the organic light emitting
display device.

[0034] In this embodiment, the microstructures include
conical, cylindrical and/or spherical structure (not shown in
FIGS. 1 and 2).

[0035] In an example of this embodiment, the light extrac-
tion film layer 3 includes a plurality of conical structures
with the function of light extraction.

[0036] In an embodiment, flat materials may be set on the
light extraction film layer 3. The flat materials may be
ultraviolet curing materials or thermal curing materials.
Since the light extraction film layer 3 includes a plurality of
conical, cylindrical or spherical structures, flat materials set
on the light extraction film layer 3 can protect other film
layers or structures on the light extraction film layer 3 and
keep flat.

[0037] Inanembodiment, the materials of the light extrac-
tion film layer 3 include organic materials and/or inorganic
materials, i.e., the microstructures with the function of light
extraction can be fabricated by the organic materials or the
inorganic materials.

[0038] In order to save materials and process steps, the
sum of the number of layers of the organic film layer 1, the
inorganic film layer 2 and the light extraction film layer 3
should not be relatively large. For example, the sum of the
number of layers of the organic film layer 1, the inorganic
film layer 2 and the light extraction film layer 3 may be 5-10
layers.

[0039] The thin film packaging structure for packaging the
organic light emitting display device according to the
embodiment adopts a way of alternate setting of the organic
film layer and the inorganic film layer or the light extraction
film layer and can effectively prevent the permeation of
external oxygen and water into the organic light-emitting
display device.

[0040] Since the thin film packaging structure for pack-
aging the organic light emitting display device according to
this embodiments has set the light extraction film layer
includes a plurality of microstructures with the function of
light extraction, it can effectively improve the luminous
efficiency of the organic light-emitting display device.
[0041] Moreover the thin film packaging structure pro-
vided by this embodiment can also be applied to the pack-
aging of flexible display device.



US 2017/0133632 Al

[0042] 1In addition, with reference to the thin film pack-
aging structure shown in FIG. 1, since the light extraction
film layer is set between the two layers of the organic film
layer rather than located on the outer surface of the outer-
most layer of the organic film layer, the thin film packaging
structure shown in FIG. 1 can effectively protect the light
extraction film layer from damage and improve the life time
and using effect of the thin film packaging structure.
[0043] FIG. 3 is a schematic structure diagram of a thin
film packaging structure according to another embodiment
of the disclosure. In addition to a protecting layer 11 being
set on the light extraction film layer 3, the structure of the
thin film packaging structure shown in FIG. 3 is same as that
in FIG. 2. For the same parts, they are not described in detail
herein. In this embodiment, the materials of the protecting
layer include organic resin.

[0044] When the light extraction film layer 3 is set on the
outer surface of the outmost layer of the organic film layer
1, the protecting layer 11 is set on the light extraction film
layer 3 in order to protect the light extraction film layer 3
from damage.

[0045] In an embodiment, flat materials may be set
between the light extraction film layer 3 and the protecting
layer 11. The flat materials may be ultraviolet curing mate-
rials or thermal curing materials.

[0046] Since the protecting layer 11 is set on the light
extraction film layer 3 when the light extraction film layer 3
is set on the outer surface of the outmost layer of the organic
film layer 1, comparing with the thin film packaging struc-
ture of embodiments above, the thin film packaging struc-
ture of this embodiment can effectively protect the light
extraction film layer from damage and improve the life time
and using effect of the thin film packaging structure.
[0047] There is provided a display device according to an
embodiment of the disclosure. The display device includes
a light-emitting display device and the thin film packaging
structure according to any one of mentioned above embodi-
ments, wherein the thin film packaging structure covers on
the light-emitting display device. The structure of the light-
emitting display device may use the structure shown in FIG.
3.

[0048] Since the thin film packaging structures of above
embodiments may be applied to the packaging of the flexible
display device, the display device of this embodiment may
be the flexible display device.

[0049] Since the display device according to the embodi-
ment of the disclosure adopts the thin film packaging
structure of above embodiments, it has relatively higher
luminous efficiency.

[0050] The display device of the embodiments of the
disclosure may be applied to products with the display
functionality, such as mobile phone, tablet, video camera,
television, printer, etc.

[0051] FIG. 4 is a flow chart of a method for fabricating
a thin film packaging structure according to an embodiment
of the disclosure. As shown in FIG. 4, the method for
fabricating the thin film packaging structure includes fabri-
cating a flexible thin film including at least two layers of
organic film layer, at least one layer of inorganic film layer
and a light extraction film layer, wherein each layer of the
inorganic film layer is located between the two layers of
organic film layer, the light extraction film layer is located
between the two layers of organic film layer or located on the
outer surface of the outermost layer of the organic film layer,

May 11,2017

and the light extraction film layer includes a plurality of
microstructures with the function of light extraction. The
microstructures include conical, cylindrical and/or spherical
structure.

[0052] Specifically, the method for fabricating the thin
film packaging structure according to this embodiment
includes the following:

[0053] Step 101: fabricating the organic film layer by ink
jet printing process or chemical vapor deposition process
and curing.

[0054] In this step, the organic film layer is fabricated on
the light emitting display device (such as the organic light-
emitting display device) by ink jet printing process or
chemical vapor deposition process and cured.

[0055] Step 102: coating inorganic material solution on
the organic film layer, roasting and curing by ultraviolet
curing process to form the inorganic film layer; or fabricat-
ing the inorganic film layer on the organic film layer by
atomic layer deposition process.

[0056] Step 103: repeating step 101 and step 102 in order
several times to form an alternative structure of the inorganic
film layer and the inorganic film layer.

[0057] Step 104: fabricating the organic film layer and
forming a light extraction film layer on the organic film
layer, wherein the light extraction film layer includes a
plurality of microstructures with the function of light extrac-
tion.

[0058] In this step, the process for forming the light
extraction film layer includes:

[0059] Al. designing the microstructures in the light
extraction film layer, in general, the microstructures includ-
ing one or more of conical, cylindrical and/or spherical
structure.

[0060] A2. fabricating the microstructures designed in Al
by adopting printing process or heat evaporation plating
process in vacuum, and forming the light extraction film
layer. When fabricating the microstructures by adopting the
heat evaporation plating process in vacuum, it is required to
cooperate masking to complete the fabrication of a pattern.
[0061] In this embodiment, the formed light extraction
film layer should be able to completely cover the light
emitting layer (such as the organic light emitting layer) of
the light emitting display device (such as the organic light
emitting display device).

[0062] Inanembodiment, the materials of the light extrac-
tion film layer include organic materials and/or inorganic
materials. In other words, the materials of the microstruc-
tures may be fabricated by adopting the organic materials or
the inorganic materials.

[0063] In an embodiment, performing the planarization
processing on the surface of the light extraction film layer
after forming the light extraction film layer includes per-
forming the planarization processing on the surface of the
light extraction film layer by adopting ultraviolet curing
process, which includes coating ultraviolet curing materials
on the surface of the light extraction film layer and curing
the ultraviolet curing materials, or coating thermal curing
materials on the surface of the light extraction film layer and
thermocuring the thermal curing materials.

[0064] Step 105: forming the organic film layer on the
light extraction film layer, or forming an alternative structure
of the organic film layer and the inorganic film layer after
forming the organic film layer on the light extraction film
layer.
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[0065] In order to save materials and process steps, the
sum of the number of layers of the organic film layer, the
inorganic film layer and the light extraction film layer should
not be relatively large. For example, the sum of the number
of layers of the organic film layer, the inorganic film layer
and the light extraction film layer may be 5-10 layers.

[0066] In another instance of the embodiment, the method
for fabricating the thin film packaging structure is slightly
different from that of the above embodiment. In this embodi-
ment, step 105 is not performed any more after completing
step 104. In this case, the light extraction film layer is
formed on the outer surface of the outmost layer of the
organic film layer. Different from the above thin film pack-
aging structure within which it has the microstructures with
the function of light extraction, the microstructures with the
function of light extraction is designed on the outer surface
of the thin film packaging structure in this embodiment.

[0067] In this embodiment, the protecting layer is set on
the light extraction film layer when the light extraction film
layer is set on the outer surface of the outmost layer of the
organic film layer. In other embodiments, the protecting
layer may also not be set, but the light extraction film layer
1s fitted directly with the exterior cover of the display device.
When the protecting layer is set, the materials of the protect
layer include organic resin.

[0068] The method for fabricating the thin film packaging
structure according to the embodiment can be used to
fabricate the thin film packaging structure of embodiments
above. Since the embodiment has designed the microstruc-
tures with the function of light extraction (the light extrac-
tion film layer) when fabricating the thin film packaging
structure, the luminous efficiency of light-emitting display
device can be improved effectively when the thin film
packaging structure fabricated by adopting the embodiment
is used to package the light emitting display device (such as
the organic light emitting display device). In addition, since
the embodiment adopts a way of alternate setting of the
organic film layer and the inorganic film layer, the perme-
ation of external oxygen and water into the light-emitting
display device (such as the organic light emitting display
device) can be prevented effectively.

[0069] The embodiments above are only for illustrating
the technical solutions of the disclosure rather than limiting
the disclosure. Though the disclosure have been described in
detail with reference to embodiments, it should be under-
stood by those ordinary skilled in the art that various
modifications and equivalent replacements of a part of
technical features of the technical solution of above-men-
tioned embodiments of the disclosure can be made without
departing from the spirit and scope of the disclosure, and
these modifications and replacements should be deemed as
within the protect scope of the disclosure.

What is claimed is:

1. A thin film packaging structure comprising a flexible
thin film used for packaging a light-emitting display device,
the flexible thin film comprising at least two layers of
organic film layer, at least one layer of inorganic film layer,
and a light extraction film layer, each layer of the at least one
inorganic film layer located between two layers of the at
least two organic film layers, the light extraction film layer
located between the two layers of the at least two organic
film layers or located on an outer surface of an outermost
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layer of the organic film layer, and the light extraction film
layer comprising a plurality of microstructures configured
for light extraction.

2. The thin film packaging structure according to claim 1,
wherein the microstructures comprise at least one of conical,
cylindrical, and spherical structures.

3. The thin film packaging structure according to claim 1,
wherein the materials of the light extraction film layer
comprise at least one of organic materials and inorganic
materials.

4. The thin film packaging structure according to claim 1,
wherein a protecting layer is set on the light extraction film
layer when the light extraction film layer is set on the outer
surface of the outmost layer of the organic film layer.

5. The thin film packaging structure according to claim 4,
wherein the materials of the protecting layer comprise
organic resin.

6. The thin film packaging structure according to claim 1,
wherein flat materials are set on the light extraction film
layer.

7. The thin film packaging structure according to claim 6,
wherein the flat materials are one of ultraviolet curing
materials and thermal curing materials.

8. A display device comprising a light-emitting display
device and the thin film packaging structure according to
claim 1, wherein the thin film packaging structure covers the
light-emitting display device.

9. A method for fabricating a thin film packaging struc-
ture, comprising fabricating a flexible thin film comprising
at least two layers of organic film layer, at least one layer of
inorganic film layer, and a light extraction film layer,
wherein each layer of the at least one inorganic film layer is
located between two layers of the at least two organic film
layers, wherein the light extraction film layer is located
between the two layers of the at least two organic film layers
or located on an outer surface of an outermost layer of the
organic film layer, and wherein the light extraction film layer
comprises a plurality of microstructures configured for light
extraction.

10. The method for fabricating the thin film packaging
structure according to claim 9, wherein the microstructures
comprise at least one of conical, cylindrical, and spherical
structures.

11. The method for fabricating the thin film packaging
structure according to claim 9, wherein the materials of the
light extraction film layer comprise at least one of organic
materials and inorganic materials.

12. The method for fabricating the thin film packaging
structure according to claim 9, wherein the light extraction
film layer is fabricated by at least one of printing process and
a heat evaporation plating process in vacuum.

13. The method for fabricating the thin film packaging
structure according to claim 9, wherein a protecting layer is
set on the light extraction film layer when the light extraction
film layer is set on the outer surface of the outmost layer of
the organic film layer.

14. The method for fabricating the thin film packaging
structure according to claim 13, wherein the materials of the
protecting layer comprise organic resin.

15. The method for fabricating a thin film packaging
structure according to claim 9, further comprising perform-
ing planarization processing on the surface of the light
extraction film layer.
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16. The method for fabricating the thin film packaging
structure according to claim 15, wherein performing pla-
narization processing comprises performing the planariza-
tion processing on the surface of the light extraction film
layer using an ultraviolet curing process, which comprises
one of 1) coating ultraviolet curing materials on the surface
of the light extraction film layer and curing the ultraviolet
curing material, and ii) coating thermal curing materials on
the surface of the light extraction film layer and thermocur-
ing thermal curing materials.

17. The method for fabricating the thin film packaging
structure according to claim 9, wherein the organic film
layer is fabricated by one of an ink jet printing process and
a chemical vapor deposition process and cured.

18. The method for fabricating a thin film packaging
structure according to claim 9, further comprising i) coating
inorganic material solution on the organic film layer and
roasting and curing the inorganic material using an ultra-
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violet curing process to form the inorganic film layer; or ii)
fabricating the inorganic film layer on the organic film layer
by atomic layer deposition process.

19. The method for fabricating a thin film packaging
structure according to claim 10, further comprising i) coat-
ing inorganic material solution on the organic film layer and
roasting and curing the inorganic material using an ultra-
violet curing process to form the inorganic film layer; or ii)
fabricating the inorganic film layer on the organic film layer
by atomic layer deposition process.

20. The method for fabricating a thin film packaging
structure according to claim 11, further comprising i) coat-
ing inorganic material solution on the organic film layer and
roasting and curing the inorganic material using an ultra-
violet curing process to form the inorganic film layer; or ii)
fabricating the inorganic film layer on the organic film layer
by atomic layer deposition process.
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