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7) ABSTRACT

An organic light emitting diode device, includes a substrate,
and a first electrode, an organic layer and a second electrode
successively arranged on the substrate, wherein the first
electrode and the second electrode are both transparent
electrodes; the organic light emitting diode device further
includes a metal packaging layer, wherein the metal pack-
aging layer is located on a side of the second electrode back
to the first electrode, and a surface of the metal packaging
layer facing the second electrode is a rough surface.
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a substrate is formed
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a first electrode, an organic layer and a
second electrode are formed on the
substrate sequentially
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a light matching layer is formed on a
surface of the second electrode back to the
first electrode

_— $300

the metal packaging layer is formed on a
side of the second electrode back to the
first electrode, wherein the surface of the
metal packaging layer facing the second
electrode is a rough surface
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the solid film is attached to the surface of the second
electrode back to the first electrode
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is performed to be roughened
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electrode back to the first electrode

Fig. 4



Patent Application Publication  Nov. 1, 2018 Sheet 3 of 3 US 2018/0315958 A1

~ 5100

a substrate is formed

y 5200

a first electrode, an organic layer and a second
electrode are formed on the substrate sequentially

~ $210b

a light matching film is formed on the surface of the

second electrode back to the first electrode by coating $200'
or printing

~ $220b

the light matching film is cured by UV irradiation or

thermal curing
Y L~ S310

a metal film is formed on a carrier substrate

¢ - S310° p S300
a surface of the metal film back to the carrier substrate

is performed to be roughened

- §320 7

the metal film is separated from the carrier substrate,
and the metal film is attached to a side of the second
electrode back to the first electrode

Fig. 5



US 2018/0315958 Al

ORGANIC LIGHT EMITTING DIODE
DEVICE AND MANUFACTURING METHOD
THEREOF, AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Chinese Patent
Application No. 201710295471.3, filed on Apr. 28, 2017,
titled “ORGANIC LIGHT EMITTING DIODE DEVICE
AND MANUFACTURING METHOD THEREOF, AND
DISPLAY DEVICE”, which is incorporated herein by ref-
erence in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to a display technol-
ogy, more particularly, to an organic light emitting diode
device and manufacturing method thereof, and display
device.

BACKGROUND

[0003] Organic Light Emitting Diode (OLED) device is
also known as organic electroluminescent diode device.
OLED has attracted extensive attention due to its advantages
of being self-luminous, rich colors, fast response, wide
viewing angle, light weight, thin thickness, low power
consumption, flexible display and so on. Moreover, the
display device fabricated by OLED is considered as a
display device with great application prospects.

SUMMARY

[0004] The embodiments of the present disclosure adopt
the following technical solutions. In the first aspect, the
embodiments of the present disclosure provide an organic
light emitting diode device, which includes a substrate, and
a first electrode, an organic layer and a second electrode
successively arranged on the substrate. The first electrode
and the second electrode are both transparent electrodes. The
organic light emitting diode further includes a metal pack-
aging layer. The metal packaging layer is located on a side
of the second electrode back to the first electrode, and the
surface of the metal packaging layer facing the second
electrode is a rough surface.

[0005] Optionally, the organic light emitting diode device
further includes a light matching layer, which is located
between the second electrode and the metal packaging layer.
[0006] Optionally, the absolute value of the difference
between the refractive index of the light matching layer and
that of the second electrode is substantially smaller than or
equal to 0.2.

[0007] Optionally, the refractive index of the light match-
ing layer is substantially smaller than that of the second
electrode.

[0008] Optionally, the refractive index of the light match-
ing layer is about 1.8-2.2.

[0009] Optionally, the light matching layer is an optical
adhesive layer or a pressure-sensitive adhesive layer.
[0010] Optionally, the light reflectivity of the metal pack-
aging layer is substantially greater than or equal to 80%.
[0011] Optionally, the light transmittance of the second
electrode is substantially greater than or equal to 70%.
[0012] Optionally, the metal packaging layer is made of
invar alloy, or stainless steel, or one of aluminium, cobalt,
nickel, chromium, iron, platinum, palladium, manganese,
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and silver, or an alloy consisting of at least two of aluminum,
cobalt, nickel, chromium, iron, platinum, palladium, man-
ganese, and silver.

[0013] In the second aspect, the embodiments of the
present disclosure provide a display device, which is pro-
vided with the organic light emitting diode device as
described above.

[0014] In the third aspect, the embodiments of the present
disclosure provide a manufacturing method of the organic
light emitting diode device, which includes:

[0015] forming a substrate;

[0016] forming a first electrode, an organic layer and a
second electrode on the substrate successively; and

[0017] forming a metal packaging layer on a side of the
second electrode back to the first electrode, wherein a
surface of the metal packaging layer facing the second
electrode is a rough surface.

[0018] Optionally, the step of forming a metal packaging
layer on a side of the second electrode back to the first
electrode includes:

[0019] forming a metal film on a carrier substrate;
[0020] separating the metal film from the carrier substrate,
and attaching the metal film to a side of the second electrode
back to the first electrode.

[0021] Optionally, after the step of forming a metal film on
a carrier substrate, and before the step of separating the
metal film from the carrier substrate and attaching the metal
film to a side of the second electrode back to the first
electrode, the manufacturing method of the organic light
emitting diode device further includes:

[0022] foughing a surface of the metal film back to the
carrier substrate.

[0023] Optionally, after the step of forming a first elec-
trode, an organic layer and a second electrode on the
substrate successively, and before the step of forming a
metal packaging layer on a side of the second electrode back
to the first electrode, the manufacturing method of the
organic light emitting diode device further includes:
[0024] forming a light matching layer on the surface of the
second electrode back to the first electrode.

[0025] Optionally, the step of forming a light matching
layer on the surface of the second electrode back to the first
electrode includes:

[0026] forming a solid state film; and

[0027] attaching the solid film to the surface of the second
electrode back to the first electrode;

[0028] or,

[0029] forming a light matching film on the surface of the

second electrode back to the first electrode by coating or
printing; and

[0030] curing the light matching film by UV irradiation or
thermal curing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The accompanying drawings described here are
used to provide further understanding of the disclosure and
constitute a part of the disclosure. The illustrative embodi-
ments of the disclosure and instructions serve to explain the
disclosure, but do not constitute improper limitation to the
disclosure. In the accompanying drawings:

[0032] FIG. 1 is a first schematic diagram of the organic
light emitting diode device provided by the embodiments of
the disclosure;
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[0033] FIG. 2 is a second schematic diagram of the
organic light emitting diode device provided by embodi-
ments of the disclosure;

[0034] FIG. 3 is a first flow chart of the manufacturing
method of the organic light emitting diode device provided
by the embodiments of the disclosure;

[0035] FIG. 4 is a second flow chart of the manufacturing
method of the organic light emitting diode device provided
by the embodiments of the disclosure; and

[0036] FIG. 5 is a third flow chart of the manufacturing
method of the organic light emitting diode device provided
by the embodiments of the disclosure.

DETAILED DESCRIPTION

[0037] In order to further explain the organic light emit-
ting diode (OLED) device and the manufacturing method
thereof, and the display device provided by the embodi-
ments of the present disclosure, the following is described in
detail with reference to the accompanying drawings of the
specification.

[0038] There are some organic light emitting diode
devices, the basic structure of which is a sandwich structure
consisting of an anode, a cathode and an organic layer
between the anode and the cathode. The anode is generally
a layer of Indium Tin Oxide (ITO), which is thin and
transparent and has semiconductor properties. The cathode
is generally a metal layer. When a voltage is applied to the
organic light emitting diode device, holes output from the
anode and electrons output from the cathode are combined
in a light emitting layer of the organic layer, so as to excite
the light emitting layer to emit light, and thus to realize light
emitting of the organic light emitting diode device. The light
emitted by the light emitting layer passes through the anode.
However, a portion of the light emitted by the light emitting
layer will be incident to the cathode, and a Surface Plasmons
Polaritons mode (SPP mode) is easily formed at the interface
between the cathode and the organic layer. The portion of the
light will not be emergent to the outside of the organic light
emitting diode device, resulting in the reduction of light
extraction efficiency of organic light emitting diode device.
[0039] 1In order to solve the above problems, the embodi-
ments of the present disclosure provide another type of
organic light emitting diode device. Such organic light
emitting diode device can solve the technical problem that
the light extraction efficiency of organic light emitting diode
device is reduced because a portion of light will not be
emergent to the outside of the organic light emitting diode
device.

[0040] Please refer to FIG. 1. The embodiments of the
present disclosure provide an organic light emitting diode
device, which includes: a substrate 10, a first electrode 20,
an organic layer 30 and a second electrode 40. The first
electrode 20, an organic layer 30 and the second electrode 40
are sequentially disposed on the substrate 10. The first
electrode 20 and the second electrode 40 are transparent
electrodes. The organic light emitting diode device provided
by the embodiments of the present disclosure further
includes a metal packaging layer 60. The metal packaging
layer 60 is located on a side of the second electrode 40 back
to the first electrode 20, wherein a surface of the metal
packaging layer 60 facing the second electrode 40 is a rough
surface.

[0041] For example, please continue referring to FIG. 1.
An organic light emitting diode device provided by the
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embodiments of the present disclosure includes: a substrate
10, a first electrode 20, an organic layer 30, a second
electrode 40 and a metal packaging layer 60. The first
electrode 20, the organic layer 30, the second electrode 40
and the metal packaging layer 60 are sequentially formed on
the substrate 10. The first electrode 20, the organic layer 30,
and the second electrode 40 are sequentially arranged on the
substrate 10. Optionally, the first electrode 20 is relatively
parallel to the second electrode 40 so as to facilitate elec-
trons and holes to move and combine within the organic
layer 30, and thus to excite the emitting layer 33 of the
organic layer 30 to emit light. The first electrode 20 may be
an anode, and the corresponding second electrode 40 is a
cathode. Alternatively, the first electrode 20 may be a
cathode, and the corresponding second electrode 40 is an
anode. In the embodiment of the present disclosure, descrip-
tion is given by taking the first electrode 20 being the anode
and the second electrode 40 being the cathode as an
example. The first electrode 20 and the second electrode 40
are both transparent electrodes, and further may be made by
transparent conductive oxide. For example, the first elec-
trode 20 and the second electrode 40 may be made by
Indium Tin Oxide (ITO). The organic layer 30 is located
between the first electrode 20 and the second electrode 40.
The organic layer 30 includes the light emitting layer 33.
The organic layer 30 may further include an electron injec-
tion layer 35, an electron transport layer 34, a hole trans-
porting layer 32 and a hole injection layer 31. For example,
please refer to FIG. 1. In the case that the first electrode 20
1s the anode and the second electrode 40 is the cathode, the
organic layer 30 includes the hole injection layer 31, the hole
transport layer 32, the light emitting layer 33, the electron
transport layer 34 and the electron injection layer 35 from
the bottom to the top; and the metal packaging layer 60 is
located on a side of the second electrode 40 back to the first
electrode 20, and a surface of the metal packaging layer 60
facing the second electrode 40 is a rough surface, that is, the
metal packaging layer 60 is located on an upper side of the
second electrode 40 in FIG. 1, and a lower surface of the
metal packaging layer 60 in FIG. 1 is a rough surface.

[0042] When the organic light emitting diode device pro-
vided by the embodiments of the present disclosure is
working, as shown in FIG. 1, in the case that the first
electrode 20 is the anode and the second electrode 40 is the
cathode, voltages are applied to the first electrode 20 and the
second electrode 40 respectively. The holes output from the
first electrode 20 pass through the hole injection layer 31 and
the hole transport layer 32 and move to the light emitting
layer 33. The electrons output from the second electrode 40
move to the light emitting layer 33 through the electron
injection layer 35 and the electron transport layer 34. The
holes and the electrons combine in the light emitting layer 33
to form excitons which excite the light emitting layer 33 to
emit light. A portion of the light emitted by the light emitting
layer 33 passes through the hole transport layer 32, the hole
injection layer 31, the first electrode 20 and the substrate 10
and is emergent to the outside of the organic light emitting
diode device. Another portion of the light is incident to the
metal packaging layer 60 through the electron transport
layer 34, the electron injection layer 35 and the second
electrode 40. Because the lower surface of the metal pack-
aging layer 60 in FIG. 1 is a rough surface, the another
portion of the light will not cause the formation of the SPP
mode on the lower surface of the metal packaging layer 60,
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and this portion of the light is reflected by the lower surface
of the metal packaging layer 60. The portion of the light that
is reflected by the lower surface of the metal packaging layer
60 is emergent to the outside of the organic light emitting
diode device after passing through the second electrode 40,
the electron injection layer 35, the electron transport layer
34, the light emitting layer 33, the hole transport layer 32,
the hole injection layer 31, the first electrode 20 and the
substrate 10. This organic light emitting diode device may
be considered as a bottom emitting organic light emitting
diode device.

[0043] When the organic light emitting diode device pro-
vided by the embodiments of the present disclosure is
working, voltages are applied to the first electrode 20 and the
second electrode 40 respectively. Electrons and holes com-
bine in the light emitting layer 33 of the organic layer 30 to
excite the light emitting layer 33 of organic layer 30 to emit
light. A portion of the light emitted by the light emitting
layer 33 of the organic layer 30 passes through the second
electrode 40 and is incident to the metal packaging layer 60.
Because the surface of the metal packaging layer 60 facing
the second electrode 40 is a rough surface, the portion of the
light that is incident to the metal packaging layer 60 will not
form the SPP mode on the lower surface of the metal
packaging layer 60 facing the second electrode 40 and can
be reflected by the metal packaging layer 60, then passes
through the second electrode 40, the organic layer 30, the
first electrode 40 and the substrate 10, and then finally is
emergent to the outside of the organic light emitting diode
device.

[0044] From above, conditions for forming SPP mode do
not exist in the organic light emitting diode device provided
by the embodiments of the disclosure, because the surface of
the metal packaging layer 60 facing the second electrode 40
is a rough surface. The light emitted from the light emitting
layer 33 of the organic layer 30 will not form the SPP mode
within the organic light emitting diode device and thus will
not be emergent to the outside of the organic light emitting
diode device, so as to improve the light extraction efficiency
of the organic light emitting diode device.

[0045] In addition, for the organic light emitting diode
device provided by the embodiments of the disclosure,
because the light emitted from the light emitting layer 33 of
the organic layer 30 will not form the SPP mode within the
organic light emitting diode device and thus will not be
emergent to the outside of the organic light emitting diode
device, the luminous efficiency of the organic light emitting
diode device is improved.

[0046] Furthermore, in the case of applying the organic
light emitting diode device to a display device, because the
light emitted from the light emitting layer 33 of the organic
layer 30 will not form the SPP mode within the organic light
emitting diode device and thus will not be emergent to the
outside of the organic light emitting diode device, the screen
display quality of the display device may be improved. For
example, the screen display luminance of the display device
may be improved, and the energy consumption of the
display device may be reduced.

[0047] Referring to FIG. 2, the organic light emitting
diode device provided by the embodiments of the disclosure
further includes a light matching layer 50 between the
second electrode 40 and the metal packaging layer 60. The
metal packaging layer 60 is attached to the second electrode
40 via the light matching layer 50. Optically Clear Adhesive
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(OCA), Pressure Sensitive Adhesive (PSA) or the like may
be selected and used in the light matching layer 50. Such
design, compared with the metal packaging layer 60 directly
contacting with the second electrode 40, can improve the fit
degree between the metal packaging layer 60 and the second
electrode 40, so as to prevent the separation between the
metal packaging layer 60 and the second electrode 40.
[0048] In the above embodiment, the selection of the
material of the light matching layer 50 can be determined
according to the refractive index of the second electrode 40.
A refractive index of the light matching layer 50 may be
required to be matched with the refractive index of the
second electrode 40. Optionally, an absolute value of a
difference between the refractive index of the light matching
layer and that of the second electrode may be smaller than
or equal to 0.22. Specifically, the absolute value may be for
example 0.05, 0.1, 0.15, or 0.2, etc. Further, the refractive
index of the light matching layer 50 may be smaller than that
of the second electrode 40. For example, when the material
of the second electrode 40 is transparent conductive oxide,
materials with refractive index of about 1.8-2.2 may be
selected and used in the light matching layer 50. Specifically,
the refractive index may be for example 1.8, 1.9, 2.0, 2.1, or
2.2, etc. Based on experiments made by the applicant, it is
possible to prevent the light reflected by the metal packaging
layer 60 from being totally reflected or partially reflected on
the contact interface between the light matching layer 50 and
the second electrode 40 by using materials with the refrac-
tive index of the above range.

[0049] In the above embodiments, the light reflectivity of
the metal packaging layer 60 may be greater than or equal
to 80%. Optionally, the light reflectivity of the metal pack-
aging layer 60 may be greater than or equal to 90%. In this
way, it is possible to prevent the metal packaging layer 60
from absorbing light due to the low light reflectance of the
metal packaging layer 60, so that the absorption of the light
emitted from the light emitting layer 33 due to internal
structures in the organic light emitting diode device can be
reduced and the amount of light emergent to the outside of
the organic light emitting diode can be increased, thereby the
light extraction efficiency of the organic light emitting diode
device is improved.

[0050] In the above embodiment, the materials of the
metal packaging material layer 60 may be various, for
example, the material of the metal packaging material layer
60 may be invar alloy, or the material of the metal packaging
material layer 60 may be stainless steel, or the material of the
metal packaging layer 60 may be one of aluminium, cobalt,
nickel, chromium, iron, platinum, palladium, manganese,
and silver, or the material of the metal packaging layer 60
may be an alloy consisting of at least two of aluminum,
cobalt, nickel, chromium, iron, platinum, palladium, man-
ganese, and silver.

[0051] If the material of the metal packaging layer 60 is
iron-nickel alloy, since the coeflicient of thermal expansion
of the iron-nickel alloy is matched with that of the glass
commonly used as the substrate 10, deformation, such as
warping, bending, and the like, can be reduced in manufac-
turing the organic light emitting diode device.

[0052] If the material of the metal packaging layer 60 is
aluminum, silver or aluminum-silver alloy, since the alumi-
num (light reflectivity 90%), silver (light reflectivity
95%~99%), or aluminum-silver alloy has the higher light
reflectivity, the absorption of the light emitted from the light
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emitting layer 33 by internal structures in the organic light
emitting diode device can be further reduced and the amount
of light emergent to the outside of the organic light emitting
diode can be increased, thereby the light extraction effi-
ciency of the organic light emitting diode device can be
further improved. In the case of selecting the aluminum-
silver alloy as the material of the metal packaging layer 60,
the mass ratio of aluminum to silver in aluminum-silver
alloy may be 90:10-95:5. Specially, it may be for example
9:1, 10:1, 11:1, 12:1, 13:1, 14:1, 15:1, 16:1, 17:1, 18:1, or
19:1 and the like. Based on experiments made by the
applicant, such aluminum-to-silver mass ratio as designed
can make the metal packaging layer 60 has a high light
reflectivity and reduce the cost at the same time.

[0053] In the above embodiments, the light transmittance
of the second electrode 40 may be greater than or equal to
70%, so that the absorption of light by the second electrode
40 is reduced, and the light extraction efficiency of the
organic light emitting diode device is further improved. The
material of the second electrode 40 may be a conductive
oxide, such as Transparent Conductive Oxide (TCO). The
material of the first electrode 20 may also be a conductive
oxide. In this case, the first electrode 20 and the second
electrode 40 are both conductive oxide electrodes.

[0054] The embodiments of the present disclosure further
provides a display device, the display device is provided
with an organic light emitting diode device as described in
the above embodiments, to solve the technical problem that
a portion of light will not be emergent to the outside of the
organic light emitting diode device and thus the light extrac-
tion efficiency of the organic light emitting diode device will
be reduced.

[0055] The display device and the above organic light
emitting diode device have the same advantages compared
with the existing technology, which here will not elaborate.
[0056] Please refer to FIG. 3. The embodiments of the
present disclosure further provide a manufacturing method
of an organic light emitting diode device, used for manu-
facturing the organic light emitting diode device described
in the above embodiments, to solve the technical problem
that a portion of light will not be emergent to the outside of
the organic light emitting diode device and thus the light
extraction efficiency of the organic light emitting diode
device will be reduced. The manufacturing method of the
organic light emitting diode device includes the following
step.

[0057] Step S100: a substrate is formed.

[0058] Step S200: a first electrode, an organic layer and a
second electrode are formed on the substrate sequentially.
[0059] Step S300: the metal packaging layer is formed on
a side of the second electrode back to the first electrode,
wherein the surface of the metal packaging layer facing the
second electrode is a rough surface.

[0060] Each of the embodiments in this specification is
described in a progressive manner. The same or the similar
parts among the embodiments can refer to each other. The
highlight in each of the embodiments is the difference from
the other embodiments. In particular, for the method
embodiments, since it is substantially similar to the device
embodiments, the description is made relatively simple, and
the relevant parts can refer to the parts in the description of
the device embodiments.

[0061] In the above embodiment, when the step that the
metal packaging layer is formed on a side of the second
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electrode back to the first electrode in step S300 is per-
formed, the metal packaging layer may be formed directly
on the side of the second electrode back to the first electrode,
or may be formed indirectly. For example, referring to FIG.
4 or FIG. 5, the step S300 that the metal packaging layer is
formed on a side of the second electrode back to the first
electrode includes the following steps.

[0062] Step S310: a metal film is formed on a carrier
substrate.
[0063] Step S320: the metal film is separated from the

carrier substrate, and the metal film is attached to a side of
the second electrode back to the first electrode.

[0064] Specifically, a metal film may be formed on the
carrier substrate, then the metal film is separated from the
carrier substrate, and the metal film is attached to a side of
the second electrode back to the first electrode so as to form
a metal packaging layer. After the formation of the metal
film is completed, the surface of the metal film has a certain
degree of roughness. Therefore, after the metal film is
attached to a side of the second electrode back to the first
electrode so as to form a metal packaging layer, the surface
of the metal packaging layer facing the second electrode has
a certain roughness.

[0065] In order to improve the roughness of the surface of
the metal packaging layer facing the second electrode,
referring to FIG. 4 or FIG. 5, after the step S310 that a metal
film is formed on a carrier substrate, and before the step
S320 that the metal film is separated from the carrier
substrate and the metal film is attached to a side of the
second electrode back to the first electrode, the manufac-
turing method of the organic light emitting diode device
provided by the embodiments of the disclosure further
includes:

[0066] Step S310" a surface of the metal film back to the
carrier substrate is performed to be roughened.

[0067] Specifically, after a metal film is formed on a
carrier substrate, a surface of the metal film back to the
carrier substrate is performed to be roughened, making the
roughness of the surface of the metal film back to the carrier
substrate conform to the roughness requirement of the rough
surface of the metal packaging layer. When the metal film is
separated from the carrier substrate and the metal film is
attached to a side of the second electrode back to the first
electrode, the surface of the metal film back to the carrier
substrate faces the second electrode. Such design can control
and adjust the roughness of the surface of the metal pack-
aging layer facing the second electrode, thereby further
improving the light extraction efficiency of the organic light
emitting diode device.

[0068] It is worth noting that, in the above embodiments,
the order of steps S310, S310', S100 and S200 may be
varied. For example, steps S310 and S310' may be per-
formed simultaneously with steps S100, S200, or steps S310
and S310' may be performed before steps S100 and S200, or
steps S310 and S310' may be performed after steps S100 and
S200. The orders of steps S310, S310', S100 and S200 can
include, but not limited to, the above, which here will not
elaborate.

[0069] Please continue referring to FIG. 3. In the embodi-
ments of the present disclosure, after step S200 that a first
electrode, an organic layer and a second electrode are
formed on the substrate sequentially, and before S300 that
the metal packaging layer is formed on a side of the second
electrode back to the first electrode, the manufacturing
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method of organic light emitting diode device provided by
the embodiments of the present disclosure further includes:
[0070] Step S200': a light matching layer is formed on a
surface of the second electrode back to the first electrode.
[0071] In step S200', when a light matching layer is
formed on the surface of the second electrode back to the
first electrode, a plurality of ways can be used.

[0072] Forexample, referring to FIG. 4, the step S200' that
a light matching layer is formed on a surface of the second
electrode back to the first electrode includes the following
steps.

[0073] Step S210a: a solid film is formed.

[0074] Step S220a: the solid film is attached to the surface
of the second electrode back to the first electrode.

[0075] Alternatively, referring to FIG. 5, the step S200
that a light matching laver is formed on a surface of the
second electrode back to the first electrode includes the
following steps.

[0076] Step S2105: a light matching film is formed on the
surface of the second electrode back to the first electrode by
coating or printing.

[0077] Step S2204: the light matching film is cured by UV
irradiation or thermal curing.

[0078] In the description of the above embodiments, the
specific features, structures, materials, or characteristics can
be combined in an appropriate manner in any one or more
embodiments or examples.

[0079] As described above, only the specific embodiments
of the present disclosure are disclosed, and the scope of the
present disclosure is not limited thereto. Those skilled in the
art will easily think of that within the technical scope
disclosed in the present disclosure, variations or replacement
be covered within the scope of the present disclosure.
Accordingly, the scope of protection of the present disclo-
sure is subject to the scope of protection of the claims.
[0080] Additional embodiments including any one of the
embodiments described above may be provided by the
disclosure, where one or more of its components, function-
alities or structures is interchanged with, replaced by or
augmented by one or more of the components, functional-
ities or structures of a different embodiment described
above.

What is claimed is:

1. An organic light emitting diode device, comprising a
substrate, and a first electrode, an organic layer and a second
electrode successively arranged on the substrate, wherein
the first electrode and the second electrode are both trans-
parent electrodes;

the organic light emitting diode device further comprising

a metal packaging layer, wherein the metal packaging
layer is located on a side of the second electrode back
to the first electrode, and a surface of the metal pack-
aging layer facing the second electrode is a rough
surface.

2. The organic light emitting diode device according to
claim 1, wherein, the organic light emitting diode device
further comprises a light matching layer, and the light
matching layer is located between the second electrode and
the metal packaging layer.

3. The organic light emitting diode device according to
claim 2, wherein, an absolute value of a difference between
a refractive index of the light matching layer and that of the
second electrode is substantially smaller than or equal to 0.2.
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4. The organic light emitting diode device according to
claim 3, wherein, the refractive index of the light matching
layer is substantially smaller than that of the second elec-
trode.

5. The organic light emitting diode device according to
claim 3, wherein, the refractive index of the light matching
layer is about 1.8-2.2.

6. The organic light emitting diode device according to
claim 2, wherein, the light matching layer is an optical
adhesive layer or a pressure-sensitive adhesive layer.

7. The organic light emitting diode device according to
claim 1, wherein, a light reflectivity of the metal packaging
layer is substantially greater than or equal to 80%.

8. The organic light emitting diode device according to
claim 1, wherein, a light transmittance of the second elec-
trode is substantially greater than or equal to 70%.

9. The organic light emitting diode device according to
claim 1, wherein, the metal packaging layer is made of invar
alloy, or stainless steel, or one of aluminium, cobalt, nickel,
chromium, iron, platinum, palladium, manganese, and sil-
ver, or an alloy consisting of at least two of aluminum,
cobalt, nickel, chromium, iron, platinum, palladium, man-
ganese, and silver.

10. A display device, comprising the organic light emit-
ting diode device according to claim 1.

11. A manufacturing method of the organic light emitting
diode device according to claim 1, comprising:

forming a substrate;

forming a first electrode, an organic layer and a second

electrode on the substrate successively; and

forming a metal packaging layer on a side of the second

electrode back to the first electrode, wherein a surface
of the metal packaging layer facing the second elec-
trode is a rough surface.

12. The manufacturing method of the organic light emit-
ting diode device according to claim 11, wherein, the step of
forming a metal packaging layer on a side of the second
electrode back to the first electrode comprises:

forming a metal film on a carrier substrate; and

separating the metal film from the carrier substrate, and

attaching the metal film to a side of the second elec-
trode back to the first electrode.

13. The manufacturing method of the organic light emit-
ting diode device according to claim 12, wherein, after the
step of forming a metal film on a carrier substrate, and before
the step of separating the metal film from the carrier sub-
strate and attaching the metal film to a side of the second
electrode back to the first electrode, the manufacturing
method of the organic light emitting diode device further
comprises:

roughening a surface of the metal film back to the carrier

substrate.

14. The manufacturing method of the organic light emit-
ting diode device according to claim 11, wherein, after the
step of forming a first electrode, an organic layer and a
second electrode on the substrate successively, and before
the step of forming a metal packaging layer on a side of the
second electrode back to the first electrode, the manufac-
turing method of the organic light emitting diode device
further comprises:

forming a light matching layer on a surface of the second

electrode back to the first electrode.

15. The manufacturing method of the organic light emit-
ting diode device according to claim 14, wherein, the step of
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forming a light matching layer on a surface of the second
electrode back to the first electrode comprises:
foming a solid state film; and
attaching the solid film to the surface of the second
electrode back to the first electrode;
or,
forming a light matching film on the surface of the second
electrode back to the first electrode by coating or
printing; and
curing the light matching film by UV irradiation or
thermal curing.
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