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7) ABSTRACT

The embodiments of the present invention provide an encap-
sulation method, a display panel and a display device. The
encapsulation method includes: forming a first room tem-
perature bonding layer on the encapsulation region of the
array substrate, an OLED device is formed on the display
region of the array substrate; forming a second room tem-
perature bonding layer on the encapsulation region of the
heat diffuser plate; vacuum laminating the array substrate
and the heat diffuser plate such that the first room tempera-
ture bonding layer and the second room temperature bond-
ing layer contact with each other and form a sealed structure.
The encapsulation method omits the existing encapsulation
substrate by using room temperature bonding technology to

(51) Int.CL encapsulate the heat diffuser plate and the array substrate,
HO1L 27/32 (2006.01) therefore can not only reduce the overall thickness of the
HOIL 51/56 (2006.01) display panel but also further improve the heat dissipation
HOIL 51/52 (2006.01) effect.
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forming a first room temperature bonding layer on the
encapsulation region of the array substrate, an OLED
device is formed on the display region of the array
substrate

forming a second room temperature bonding layer on the
encapsulation region of the heat diffuser plate
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vacuum laminating the arvray substrate and the heat

diffuser plate such that the first room temperature
bonding layer and the second room temperature bonding
layer contact with each other and form a sealed structure
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ENCAPSULATION METHOD, DISPLAY
PANEL AND DISPLAY DEVICE

RELATED APPLICATIONS

[0001] The present application is the U.S. national phase
entry of PCT/CN2016/071334, with an international filing
date of Jan. 19, 2016, which claims the benefit of Chinese
Patent Application No. 201510406012.9, filed on Jul. 10,
2015, the entire disclosures of which are incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present invention relates to the display field,
and particularly to an encapsulation method, a display panel
and a display device.

BACKGROUND

[0003] An organic light-emitting diode (abbreviated to
OLED) display panel has many advantages including active
luminescence, high brightness, high contrast, ultra thin
thickness, low power consumption, large viewing angle,
wide range of operating temperatures and the like, and is an
advanced, novel tablet display device that has been applied
widely.

[0004] The current OLED display panel mainly comprises
an encapsulation substrate (glass material) and an array
substrate on which an OLED device is formed. A sealed
structure is formed between the encapsulation substrate and
the array substrate by means of encapsulation technologies,
thereby protecting the OLED device on the array substrate
against water oxygen erosion from the outside. During the
operation of the OLED display panel, the OLED device
therein would inevitably release a large amount of heat. To
increase the heat dissipation ability of the OLED display
panel, at present, a layer of heat diffuser plate usually covers
a side of the OLED display panel, such as a side of the
encapsulation substrate which is opposite to the array sub-
strate. However, this plate will inevitably increase the over-
all thickness of the panel.

SUMMARY

[0005] The present disclosure provides an encapsulation
method, comprising;

[0006] forming a first room temperature bonding layer on
the encapsulation region of the array substrate, where in an
OLED device is formed on the display region of the array
substrate;

[0007] forming a second room temperature bonding layer
on the encapsulation region of the heat diffuser plate;
[0008] vacuum laminating the array substrate and the heat
diffuser plate, such that the first room temperature bonding
layer and the second room temperature bonding layer con-
tact with each other and form a sealed structure.

[0009] In certain embodiments, the material of the heat
diffuser plate includes at least one of Cu, Al, ITO, [ZO and
AZ0.

[0010] In certain embodiments, the heat diffuser plate has
a thickness ranging from 50 pm to 100 pm.

[0011] In certain embodiments, the material of the first
room temperature bonding layer is Si, Al, Cu, Fe or Au, and
the material of the second room temperature bonding layer
is Si, Al, Cu, Fe or Au.
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[0012] In certain embodiments, the OLED device com-
prises a plurality of light-emitting units which emit white
light, wherein a color filter layer is further formed on the
array substrate, and the color filter layer comprises a plu-
rality of color filter units via which white light emitted by the
light-emitting units is converted into light of corresponding
colors.

[0013] In certain embodiments, the plurality of light-
emitting units are arranged in matrix formation, the plurality
of color filter units are arranged in matrix formation, and the
plurality of light-emitting units and the plurality of color
filter units are arranged to be respectively and directly
aligned.

[0014] In certain embodiments, the OLED device com-
prises a plurality of light-emitting units, and the plurality of
light-emitting units comprise at least three kinds of light-
emitting units which emit light of different colors.

[0015] In certain embodiments, the plurality of light-
emitting units are arranged in matrix formation.

[0016] The present disclosure further provides a display
panel comprising an array substrate and a heat diffuser plate
oppositely arranged to each other. The display region of the
array substrate is provided with an OLED device, the
encapsulation region of the array substrate is provided with
a first room temperature bonding layer, and the encapsula-
tion region of the heat diffuser plate is provided with a
second room temperature bonding layer. The first room
temperature bonding layer and the second room temperature
bonding layer are contacted with each other and are stacked
so as to form a sealed structure between the array substrate
and the heat diffuser plate.

[0017] In certain embodiments, the material of the heat
diffuser plate includes at least one of Cu, Al, ITO, IZO and
A70.

[0018] In certain embodiments, the heat diffuser plate has
a thickness ranging from 50 pm to 100 pm.

[0019] In certain embodiments, the material of the first
room temperature bonding layer is Si, Al, Cu, Fe or Au, and
the material of the second room temperature bonding layer
is Si, Al, Cu, Fe or Au.

[0020] In certain embodiments, the OLED device com-
prises a plurality of light-emitting units which emit white
light, a color filter layer is further formed on the array
substrate, and the color filter layer comprises color filter
units via which the white light emitted by the light-emitting
units is converted into the light of corresponding colors.

[0021] In certain embodiments, the plurality of light-
emitting units are arranged in matrix formation, the plurality
of color filter units are arranged in matrix formation, and the
plurality of light-emitting units and the plurality of color
filter units are arranged to be respectively and directly
aligned.

[0022] In certain embodiments, the OLED device com-
prises a plurality of light-emitting units, and the plurality of
light-emitting units comprise at least three kinds of light-
emitting units which emit the light of different colors.

[0023] In certain embodiments, the plurality of light-
emitting units are arranged in matrix formation.

[0024] To solve the above problem and others, the present
invention further provides a display device comprising the
above display panel.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1is a flow chart of an encapsulation method
provided by an embodiment of the present invention.
[0026] FIG. 2 is a schematic diagram of the encapsulation
of a heat diffuser plate and an array substrate as provided by
an embodiment of the present invention.

[0027] FIG. 3 is a schematic diagram of an array substrate
provided by an embodiment of the present invention.
[0028] FIG. 4 is a schematic diagram of another array
substrate provided by an embodiment of the present inven-
tion.

[0029] FIG. 5 is a schematic diagram of a display panel
provided by an embodiment of the present invention; and
[0030] FIG. 6 is a schematic diagram of another display
panel provided by an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0031] Specific embodiments of the present invention are
further described in detail below with reference to the
drawings and examples. The following embodiments are
used for describe the present invention, rather than limiting
the scope thereof.

[0032] FIG. 1is a flow chart of an encapsulation method
provided by an embodiment of the present invention, com-
prising:

[0033] S1: forming a first room temperature bonding layer
on an encapsulation region of an array substrate, wherein an
OLED device is formed on a display region of the array
substrate;

[0034] S2: forming a second room temperature bonding
layer on an encapsulation region of a heat diffuser plate;
wherein the encapsulation region of the heat diffuser plate is
an area directly opposite to the encapsulation region of the
array substrate when the heat diffuser plate is directly
opposite to the array substrate;

[0035] S3: vacuum laminating the array substrate and the
heat diffuser plate, such that the first room temperature
bonding layer and the second room temperature bonding
layer contact with each other and form a sealed structure.
[0036] By encapsulating the heat diffuser plate and the
array substrate using room temperature bonding technology,
the encapsulation method provided by an embodiment of the
present invention omits the existing encapsulation substrate,
and therefore can not only reduce the overall thickness of the
display panel but also further improve the heat dissipation
effect.

[0037] In the above encapsulation method, the order of the
step S1 and the step S2 are not specifically limited. For
example, when performing encapsulation, step S1 may be
performed firstly followed by step S2; step S2 may also be
performed firstly followed by step S1, or step S1 and step S2
may be performed simultaneously. By means of the above
mentioned step S1 and step S2, a layer of room temperature
bonding layer is formed on the encapsulation region of the
array substrate and the encapsulation region of the heat
diffuser plate, respectively, and then aligned and laminated
both of them in a vacuum environment, thereby forming a
sealed structure between the heat diffuser plate and the array
substrate.

[0038] In an embodiment of the present invention, the
above heat diffuser plate may be made of a material with
relatively good thermal conductivity. For example, the heat
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diffuser plate can be made of an opaque metal material such
as copper, aluminum and so on. The heat diffuser plate may
be a monolayer structure formed by one material, and may
also be a composite-layer structure formed by multiple
materials. The heat diffuser plate and the array substrate are
encapsulated by the room temperature bonding technology,
thereby obtaining a bottom emission OLED structure. For
example, the material of the first room temperature bonding
layer may be Si (silicon), Al (aluminum), Cu (copper), Fe
(iron) or Au (gold), which is formed on the encapsulation
region of the array substrate by ion beam scanning process.
The material of the second room temperature bonding layer
may be Si, Al, Cu, Fe or Au, which is formed on the
encapsulation region of the heat diffuser plate by ion beam
scanning process. The heat diffuser plate and the array
substrate are encapsulated together by surface atomic bond-
ing (SAB) technology. For example, an Al thin film layer
may be formed on the encapsulation region of the heat
diffuser plate, and a Si thin film layer may be formed on the
encapsulation region of the array substrate. The material of
the above mentioned first room temperature bonding layer
and the second room temperature bonding layer may also be
the same, both of which, for instance, may be Si or Al, etc.
Specifically, as shown in FIG. 2, the heat diffuser plate 10
and the array substrate 20 are transported to a vacuum
chamber 5 via an upper bearing platform 1 and a lower
bearing platform 2, respectively. In the vacuum chamber 5,
the ion beam emitting devices 3 emits ion beams to the
encapsulation region of the heat diffuser plate 10 and the
encapsulation region of the array substrate 20 respectively to
form the room temperature bonding layers. Thereafter, the
two bearing platforms are moved horizontally such that the
heat diffuser plate 10 is aligned to the array substrate 20, and
they are then moved in the vertical direction such that the
room temperature bonding layer on the heat diffuser plate 10
are tightly bonded to the room temperature bonding layer of
the array substrate 20, thereby forming a sealed structure
between the heat diffuser plate and the array substrate. Since
the entire encapsulation process omits the existing encap-
sulation substrate, not only the overall thickness of the
display panel can be reduced, but the heat dissipation effect
can also be improved. Furthermore, transparent thermally
conductive materials, such as indium tin oxide (ITO),
indium zinc oxide (IZ0O), and aluminum-doped zinc oxide
(AZ0), may also be employed by the above heat diffuser
plate, and Al, Cu, Ag or Mg is used to form a layer of
light-reflecting thin film at the other side of the OLED
device, thereby obtaining a top emission OLED structure.

[0039] In order to consider both the thickness and the
sealing property of the panel formed after encapsulation, the
thickness of the heat diffuser plate used by the above
encapsulation process may range from 50 um to 100 pm,
which, for instance, may be 60 pm, 80 pm, etc.

[0040] The above array substrate may be a COA (Color
Filter on Array) array substrate. As shown in FIG. 3, the
array substrate comprises a base substrate 21, and a TFT
layer 22, a white light OLED device 23, an encapsulation
thin film layer (TFE) 24 and a color filter layer 25, which are
formed successively on the base substrate 21. The OLED
device 23 comprises a plurality of light-emitting units (not
shown) arranged as a matrix, and all of the light emitted by
the plurality of light-emitting units is white light. Each
light-emitting unit is connected to at least one TFT in the
TFT layer 22. The color filter layer 25 comprises a plurality
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of color filter units arranged as a matrix, and the color filter
units in the color filter layer 25 and the light-emitting units
in the OLED device are arranged to be respectively and
directly aligned. The white light emitted by the light-
emitting units is converted by the corresponding color filter
units into the light of corresponding colors. For example, the
color filter layer 25 may comprise red filter units, green filter
units and blue filter units.

[0041] Furthermore, the array substrate in an embodiment
of the present invention may also employ a color light
OLED device. That is, the light-emitting units per se in the
OLED device can emit corresponding color light, thereby
omitting the color filter layer. As shown in FIG. 4, the array
substrate comprises a base substrate 21, and a TFT layer 22,
a color light OLED device 23 and an encapsulation thin film
layer 24, which are formed successively on the base sub-
strate 21. The OLED device 23 comprises a plurality of
light-emitting units arranged as a matrix. The plurality of
light-emitting units comprise at least three kinds of light-
emitting units which emitting the light of different colors.
For example, the plurality of light-emitting units may com-
prise light-emitting units for displaying red color, light-
emitting units for displaying green color and light-emitting
units for displaying blue color.

[0042] The encapsulation method provided by embodi-
ments of the present invention attaches the heat diffuser plate
directly to the array substrate by using room temperature
bonding technology and thereby omits the existing encap-
sulation substrate, which can not only reduce the overall
thickness of the display panel but also further improve the
heat dissipation effect. Moreover, the whole encapsulation
process no longer needs an encapsulation adhesive or an N,
glove box. As a result, the process is simple and the
procedure is effectively shortened.

[0043] Referring to FIG. 5, FIG. 5 is a schematic diagram
of a display panel provided by an embodiment of the present
invention. The display panel comprises an array substrate 20
and a heat diffuser plate 10 which are oppositely arranged to
each other. An OLED device is arranged on a display region
202 of the array substrate 20. A first room temperature
bonding layer 40 is arranged on an encapsulation region 201
of the array substrate 20. A second room temperature bond-
ing layer 30 is arranged on an encapsulation region 101 of
the heat diffuser plate 10. The first room temperature bond-
ing layer 40 and the second room temperature bonding layer
30 are in contact with each other and are stacked so as to
form a sealed structure between the array substrate 20 and
the heat diffuser plate 10.

[0044] The material of the above heat diffuser plate
includes at least one of Cu, Al, ITO, IZO and AZO.
[0045] To consider both the thickness and the sealing
property of the panel formed after encapsulation, the thick-
ness of the heat diffuser plate ranges from 50 um to 100 pm.
[0046] The material of the above first room temperature
bonding layer may be Si, Al, Cu, Fe or Au, and the material
of the second room temperature bonding layer may be Si, Al,
Cu, Fe or Au.

[0047] The above array substrate may be a COA (Color
Filter on Array) array substrate. Specifically, the OLED
device on the array substrate comprises a plurality of light-
emitting units arranged as a matrix, and all of the light
emitted by the plurality of light-emitting units is white light.
A color filter layer is further formed on the array substrate,
wherein the color filter layer comprises color filter units
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arranged as a matrix. The white light emitted by the light-
emitting units is converted into the light of corresponding
colors by the color filter units.

[0048] Furthermore, the array substrate in an embodiment
of the present invention may further employ a color light
OLED device. That is, the light-emitting units per se in the
OLED device can emit corresponding color light, thereby
omitting the color filter layer. Specifically, the OLED device
on the array substrate comprises a plurality of light-emitting
units arranged as a matrix, and the plurality of light-emitting
units comprise at least three kinds of light-emitting units
which emitting the light of different colors.

[0049] Referring to FIG. 6, FIG. 6 is a schematic diagram
of a display panel provided by embodiments of the present
invention. The display panel comprises an array substrate 20
and a heat diffuser plate 10 which are oppositely arranged to
each other. The array substrate 20 comprises a base substrate
21, the display region of which is successively arranged with
a TFT layer 22, a color light OLED device 23 and an
encapsulation thin film layer 24. The color light OLED
device 23 comprises light-emitting units for display red
color, light-emitting units for display green color and light-
emitting units for displaying blue color (not shown). A
peripheral circuit 27 on the array substrate 20 is connected
to a flexible printed circuit board (FPC) 26, on which an
integrated circuit chip (IC chip) 29 is arranged. An insulating
film 28 is arranged on the peripheral circuit 27 and an
encapsulation planarization layer 50 is arranged on the
insulating film 28. The first room temperature bonding layer
40 formed on the array substrate 20 is elevated by the
encapsulation planarization layer 50 so as to tightly attach to
the second room temperature bonding layer 30 arranged on
the heat diffuser plate 10, thereby forming a sealed structure.
For example, the encapsulation planarization layer 50 can be
formed simultaneously with the encapsulation thin film layer
24 by a single chemical vapor deposition (CVD) process.
[0050] In the example shown in FIG. 6, the display panel
comprises a color light OLED device 23. However, as stated
above, the OLED device may also be a white light OLED
device. In this case, the display panel further needs to
provide a color filter layer which comprises corresponding
color filter units and thereby converting the white light
emitted by the white light-emitting OLED device into the
color light of corresponding colors.

[0051] The display panel provided by an embodiment of
the present invention omits the existing encapsulation sub-
strate since the heat diffuser plate is directly attached to the
array substrate by the room temperature bonding technol-
ogy, which can not only reduce the overall thickness of the
display panel but also improve the heat dissipation effect as
compared to the existing display panels.

[0052] The embodiments of the present invention further
provide a display device comprising the above display
panel. The display device provided by embodiments of the
present invention may be any product or component having
display function such as notebook computer display screen,
display, television, digital frame, mobile phone, tablet com-
puter, and so on.

[0053] The above embodiments are only used for describ-
ing the present invention rather than limiting it. Various
variations and modifications can further be made by a person
having ordinary skill in the art without departing from the
spirit and scope of the present invention, thus all equivalent
technical solutions also pertain to the scope of the present
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invention. The patent protection scope of the present inven-
tion shall be defined by the claims.

1. A display panel, comprising an array substrate and a
heat diffuser plate oppositely arranged to each other, an
OLED device is arranged on a display region of the array
substrate, a first room temperature bonding layer is arranged
on an encapsulation region of the array substrate, a second
room temperature bonding layer is arranged on an encap-
sulation region of the heat diffuser plate, wherein the first
room temperature bonding layer and the second room tem-
perature bonding layer are in contact with each other and are
stacked so as to form a sealed structure between the array
substrate and the heat diffuser plate.

2. The display panel according to claim 1, wherein the
material of the heat diffuser plate includes at least one of Cu,
Al ITO. 1Z0O and AZO.

3. The display panel according to claim 1, wherein the
thickness of the heat diffuser plate ranges from 50 microm-
eter to 100 micrometer.

4. The display panel according to claim 1, wherein the
material of the first room temperature bonding layer is Si, Al,
Cu, Fe or Au, and the material of the second room tempera-
ture bonding layer is Si, Al, Cu, Fe or Au.

5. The display panel according to claim 1, wherein the
OLED device comprises a plurality of light-emitting units
which emit white light, a color filter layer is further formed
on the array substrate, the color filter layer comprises color
filter units, via which the white light emitted by the light-
emitting units is converted into the light of corresponding
colors.

6. The display panel according to claim 5, wherein the
plurality of light-emitting units are arranged in matrix for-
mation, a plurality of the color filter units are arranged in
matrix formation, and the plurality of light-emitting units
and the plurality of color filter units are arranged to be
respectively and directly aligned.

7. The display panel according to claim 1, wherein the
OLED device comprises a plurality of light-emitting units,
and the plurality of light-emitting units comprise at least
three kinds of light-emitting units which emit the light of
different colors.

8. The display panel according to claim 7, wherein the
plurality of light-emitting units are arranged in matrix for-
mation.

9. A display device, comprising a display panel, wherein
the display panel comprises an array substrate and a heat
diffuser plate oppositely arranged to each other, an OLED
device is arranged on a display region of the array substrate,
a first room temperature bonding layer is arranged on an
encapsulation region of the array substrate, a second room
temperature bonding layer is arranged on an encapsulation
region of the heat diffuser plate, wherein the first room
temperature bonding layer and the second room temperature
bonding layer are in contact with each other and are stacked
so as to form a sealed structure between the array substrate
and the heat diffuser plate.
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10. An encapsulation method, comprising:

forming a first room temperature bonding layer on an
encapsulation region of an array substrate and forming
a second room temperature bonding layer on an encap-
sulation region of a heat diffuser plate, respectively,
wherein an OLED device is formed on a display region
of the array substrate; and

vacuum laminating the array substrate and the heat dif-

fuser plate, such that the first room temperature bond-
ing layer and the second room temperature bonding
layer contact with each other and form a sealed struc-
ture.

11. The encapsulation method according to claim 10,
wherein the material of the heat diffuser plate comprises at
least one of Cu, Al, ITO, IZO and AZO.

12. The encapsulation method according to claim 10,
wherein the thickness of the heat diffuser plate ranges from
50 micrometer to 100 micrometer.

13. The encapsulation method according to claim 10,
wherein the material of the first room temperature bonding
layer is Si, Al, Cu, Fe or Au, and the material of the second
room temperature bonding layer is Si, Al, Cu, Fe or Au.

14. The encapsulation method according to claim 10,
wherein the OLED device comprises a plurality of light-
emitting units which emit white light, a color filter layer is
further formed on the array substrate, the color filter layer
comprises a plurality of color filter units via which the white
light emitted by the light-emitting units is converted into the
light of corresponding colors.

15. The encapsulation method according to claim 14,
wherein the plurality of light-emitting units are arranged in
matrix formation, the plurality of color filter units are
arranged in matrix formation, and the plurality of light-
emitting units and the plurality of color filter units are
arranged to be respectively and directly aligned.

16. The encapsulation method according to claim 10,
wherein the OLED device comprises a plurality of light-
emitting units, and the plurality of light-emitting units
comprise at least three kinds of light-emitting units which
emit the light of different colors.

17. The encapsulation method according to claim 16,
wherein the plurality of light-emitting units are arranged in
matrix formation.

18. The display device according to claim 9, wherein the
material of the heat diffuser plate includes at least one of Cu,
Al ITO, IZO and AZO.

19. The display device according to claim 9, wherein the
thickness of the heat diffuser plate ranges from 50 microm-
eter to 100 micrometer.

20. The display device according to claim 9, wherein the
material of the first room temperature bonding layer is Si, Al,
Cu, Fe or Au, and the material of the second room tempera-
ture bonding layer is Si, Al, Cu, Fe or Au.
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