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(57) ABSTRACT

The present invention provides an infrared OLED display
device and the manufacturing method thereof. Wherein, the
infrared OLED display device comprises multiple infrared
OLED units, which are used to display infrared image; a solar
cell, which is used to absorb sunlight and then convert it to
electrical energy; a transformer, which is used to transform
the voltage of the electrical energy generated from the solar
cell to the voltage of power for the infrared OLED units; and
a rechargeable battery, which is used to store the electrical
energy after the transformer converts the voltage and to pro-
vide the power for the infrared OLED units; wherein, the solar
cell is connected with the transformer, the transformer is
connected with the rechargeable battery, and the rechargeable
battery is connected with the multiple infrared OLED units.
The solar cell and the infrared OLED unit are integrated into
one device, so that the infrared OLED display device not only
display infrared image, but also charge itself using the solar
cell, which saves energy.
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INFRARED OLED DISPLAY DEVICE AND
THE MANUFACTURING METHOD THEREOF

[0001] This application claims priority to Chinese Patent
Application Serial No. 201310147212.8, named as “Infrared
OLED display device and the manufacturing method
thereof”, filed on Apr. 25,2013, the specification of which is
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to the field of image
display, and in particular to an infrared OLED display device
and the manufacturing method thereof.

[0004] 2. The Related Arts

[0005] Theinfrared band in the range 0f 0.78-1000 pm is an
important electromagnetic spectrum used in the field of mili-
tary and civilian. Infrared is commonly used in heating, phys-
iotherapy, night vision, communication, navigation, plant
cultivation, livestock rearing, high temperature sterilization,
infrared night vision, monitoring equipment, mobile infrared
port, the hotel door cards, car, TV remote control, infrared
sensor of sink, hotel front door sensors, etc. Furthermore, the
wavelength windows of optical fiber communication (850,
1330,1550 nm) are located infrared spectrum. Infrared band
also relates to data processing, storage, security tagging,
infrared detectors, and infrared guidance applications. The
organic electroluminescent device has several characteristics
of wide range of material selection, low driving voltage, fast
response speed, wide light viewing angle, light weight, thin,
flexible, large area, and large-scale production. Therefore, the
research and the development of infrared OLED has impor-
tant scientific significance and broad application prospects.
[0006] Because infrared OLED has the characteristics of
self-luminous, it will emit light when a current s passed.
There are a variety of options to supply the power. Solar cell
is not only primary energy, but also renewable energy. It is
rich in resources, free to use, no need transportation, and no
pollution to the environment. It creates a new lifestyle for
mankind, which allows the community and humanity into an
era of energy conservation and pollution reduction. The uti-
lization of solar energy includes photothermal, photovoltaic,
photochemical and other means, wherein, solar power is the
most directly utilizing way. Photovoltaic (PV) is a device
directly converting solar radiation into electrical energy. Sun-
light illuminates on the p-n junction of the semiconductor,
forming a new hole-electron pairs. In the electric field of the
p-n junction, photogenerated holes flow from the n region to
the p region, and photogenerated electrons flow from the p
region n region, which forms the current after closing the
circuit.

[0007] Unfortunately, the industry has not yet integrated
the solar cell and the infrared OLED device into a device,
which is the objective of the present invention.

SUMMARY OF THE INVENTION

[0008] The technical issue to be solved by the present
invention is to provide an infrared OLED display device and
the manufacturing method thereof, which can display infra-
red image and charge itself using solar energy.

[0009] In order to solve the technical issue, the present
invention provides an infrared OLED display device, com-
prising: multiple infrared OLED units, which are used to
display infrared image; a solar cell, which is used to absorb
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sunlight and then convert it to electrical energy; a transformer,
which is used to transform the voltage of the electrical energy
generated from the solar cell to the voltage of power for the
infrared OLED units; and a rechargeable battery, which is
used to store the electrical energy after the transformer con-
verts the voltage and to provide the power for the infrared
OLED units; wherein, the solar cell is connected with the
transformer, the transformer is connected with the recharge-
able battery, and the rechargeable battery is connected with
the multiple infrared OLED units.

[0010] Wherein, the infrared OLED unit from top to bottom
in sequence consists of: an inorganic protective layer, a cath-
ode, an electron transporting layer, a hole blocking layer, an
infrared light-emitting layer, a hole transporting layer, an
anode, an isolating protective layer, and a flexible substrate.
[0011] Wherein, the inorganic protective layer is covered
on the cathode, the electron transporting layer, the hole block-
ing layer, the infrared light-emitting layer, the hole transport-
ing layer, and the anode, which is connected with the isolating
protective layer.

[0012] Wherein, the isolating protective layer is an alter-
nating structure with an inorganic dielectric dense layer and a
polymer layer.

[0013] Wherein, the inorganic dielectric dense layer is
selected from the materials consisting of transparent oxide
film, transparent fluoride film, Si,N,, chalcogenide glass,
Zu8, SiON, or SiO,C,.

[0014] Wherein, the transparent oxide film consists of
TiO,, MgO, Si0,, Zr0,, Zn0, or Al,O; the transparent fluo-
ride film consists of Lil or MgF,,; the Si, N, consists of Si;N,,
TiN, or SiN_; the chalcogenide glass consists of Se, Te, or Sh.
[0015] Wherein, the polymer layer is selected from the
materials consisting of parylene-based material, polyolefin-
based material, polyester-based material, or polyimide.
[0016] Wherein, the parylene-based material consists of
poly-p-xylylene (PPX) or poly-2-chloro-p-xylene (PCPX);
the polyolefin-based material consists of polyethylene (PE),
polystyrene (PS), polypropylene (PP), poly ethylene tereph-
thalate (PET), polytetrafluoroethene (PTFE), or polyfluoro-
alkoxy (PFA); the polyester-based material consists of poly-
ethylene naphthalate (PEN), polycarbonate (PC),
polyethylene methyl methacrylate (PMMA), polyvinyl
acetate (PVAC), or polyethersulfone (PES).

[0017] Wherein, the inorganic protective layer is selected
from the materials consisting of TiQ,, SiO,, Al,O,, SiN_,
SiON,, SiO,C,, or diamond-like carbon (DLC) film; the
material of the cathode is Al or Ag; the material of the electron
transporting layer is 8-tris-hydroxyquinoline aluminum
(Alg3); the material of the hole blocking layer is 1,3,5-Tris
(1-phenyl-1H-benzimidazol-2-yl)benzene (TPBI) or 2.9-
Dimethy-4,7-diphenyl-1,10-phenanthroline  (BCP); the
material of the infrared light-emitting layer is copper phtha-
locyanine or tris(8-hydroxyquinolinato) erbium; the material
of the hole transporting layer is N,N'-bis(3-methylphenyl)-N,
N'-Diphenyl-1,1'-biphenyl 4,4'-diamine (TPD) or N,N'-bis
(1-naphthyl)-N,N'-diphenyl-1,1'-biphenyl-4,4'-diamine
(NPD); and the material of the anode is indium tin oxide
(ITO).

[0018] Wherein, the flexible substrate is plastic substrate,
film substrate, thin glass substrate, or stainless steel foil sub-
strate.

[0019] Wherein, the infrared OLED unit from top to bottom
in sequence consists of: a cathode, an electron transporting
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layer, a hole blocking layer, an infrared light-emitting layer, a
hole transporting layer, an anode, and a hard screen substrate.
[0020] Wherein, the solar cell is organic solar cell or inot-
ganic solar cell; the organic solar cell is polymer with hetero-
geneous p-n junction structure; wherein the organic hetero-
geneous p-n junction material is poly (3-hexylthiophene)
(P3HT): [6,6]-phenyl C61-butyric acid methyl ester (PCBM)
mixture, poly (2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-phe-
nylene vinylene) (MEH-PPV): [6,6]-phenyl C61-butyric acid
methyl ester (PCBM) mixture, or poly[2-methoxy-5-(3',7'-
Dimethyloctyloxy)-1,4-phenylenevinylene] (MDMO-PPV):
[6,6]-phenyl C61-butyric acid methyl ester (PCBM) mixture;
the inorganic solar cell is amorphous silicon solar cell, poly-
crystalline silicon solar cell, or inorganic compound semicon-
ductor thin film solar cells.

[0021] The present invention further provides a manufac-
turing method of infrared OLED display device, comprising:
providing a substrate; preparing a solar cell on the substrate;
preparing an infrared OLED unit on the substrate; and pro-
viding a transformer and a rechargeable battery respectively;
wherein, the solar cell is connected with the transformer, the
transformer is connected with the rechargeable battery, and
the rechargeable battery is connected with the infrared OLED
unit.

[0022] Wherein, the infrared OLED unit from top to bottom
in sequence consists of: an inorganic protective layer, a cath-
ode, an electron transporting layer, a hole blocking layer, an
infrared light-emitting layer, a hole transporting layer, an
anode, an isolating protective layer, and a flexible substrate;
the manufacturing method of the isolating protective layer is:
sputtering a polymer material on the substrate, curing by UV
irradiation, and then sputtering a layer of inorganic dielectric
material, which forms an alternating structure with an inor-
ganic dielectric dense layer and a polymer layer.

[0023] Wherein, the polymer material is selected from the
materials consisting of parylene-based material, polyolefin-
based material, polyester-based material, or polyimide.

[0024] Wherein, the parylene-based material consists of
poly-p-xylylene (PPX) or poly-2-chloro-p-xylene (PCPX);
the polyolefin-based material consists of polyethylene (PE),
polystyrene (PS), polypropylene (PP), poly ethylene tereph-
thalate (PET), polytetrafluoroethene (PTFE), or polyfluoro-
alkoxy (PFA); the polyester-based material consists of poly-
ethylene naphthalate (PEN), polycarbonate (PC),
polyethylene methyl methacrylate (PMMA), polyvinyl
acetate (PVAC), or polyethersulfone (PES).

[0025] Wherein, the solar cell is organic solar cell or inor-
ganic solar cell; wherein the inorganic solar cell is amorphous
silicon solar cell, polycrystalline silicon solar cell, or inor-
ganic compound semiconductor thin film solar cells; the inor-
ganic solar cell is prepared prior to the infrared OLED unit on
the substrate.

[0026] Wherein, the organic solar cell is polymer with het-
erogeneous p-n junction structure; wherein the organic het-
erogeneous p-n junction material is poly (3-hexylthiophene)
(P3HT): [6,6]-phenyl C61-butyric acid methyl ester (PCBM)
mixture, poly (2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-phe-
nylene vinylene) (MEH-PPV): [6,6]-phenyl C61-butyric acid
methyl ester (PCBM) mixture, or poly[2-methoxy-5-(3',7'-
Dimethyloctyloxy)-1,4-phenylenevinylene] (MDMO-PPV):
[6,6]-phenyl C61-butyric acid methyl ester (PCBM) mixture;
the step of preparing the organic solar cell on the substrate
specifically is: dissolving the organic mixture in an organic
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solvent such as chlorobenzene, and then spraying on a spe-
cific position of the substrate using printing technology.

[0027] Wherein, the step of preparing the polycrystalline
silicon solar cell on the substrate specifically is: using amor-
phous silicon production process, proceeding with thermal
annealing or laser annealing after coating, and growing poly-
crystalline silicon from amorphous silicon.

[0028] The present invention further provides a infrared
OLED display device, comprising: multiple infrared OLED
units, which are used to display infrared image, the infrared
OLED unit from top to bottom in sequence consisting of: an
inorganic protective layer, a cathode, an electron transporting
layer, ahole blocking layer, an infrared light-emitting layer, a
hole transporting layer, an anode, an isolating protective
layer, and a flexible substrate; a solar cell, which is used to
absorb sunlight and then convert it to electrical energy; a
transformer, which is used to transform the voltage of the
electrical energy generated from the solar cell to the voltage
of power for the infrared OLED units; and a rechargeable
battery, which is used to store the electrical energy after the
transformer converts the voltage and to provide the power for
the infrared OLED units; wherein, the solar cell is connected
with the transformer, the transformer is connected with the
rechargeable battery, and the rechargeable battery is con-
nected with the multiple infrared OLED units.

[0029] The present invention provides the infrared OLED
display device and the manufacturing method thereof. The
solar cell and the infrared OLED unit are integrated into one
device, so that the infrared OLED display device not only
display infrared image, but also charge itself using the solar
cell, which saves energy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] To illustrate clearly the technical solution of the
embodiments according to the present invention, a brief
description of the drawings that are necessary for the illustra-
tion of the embodiments will be given as follows. Apparently,
the drawings described below show only example embodi-
ments of the present invention and for those having ordinary
skills in the art, other drawings may be easily obtained from
these drawings without paying any creative effort.

[0031] FIG. 11isa schematic structure of an infrared OLED
display device according to the first embodiment of the
present invention;

[0032] FIG. 2 is a schematic structure of a mid-infrared
OLED unit according to the first embodiment of the present
invention;

[0033] FIG. 3 isaschematic structure of the protective layer
of the mid-infrared OLED unit according to the first embodi-
ment of the present invention;

[0034] FIG. 4 is a schematic structure of the pixel of the
infrared OLED display device according to the first embodi-
ment of the present invention;

[0035] FIG. 5 is a schematic structure of another pixel of
the infrared OLED display device according to the first
embodiment of the present invention; and

[0036] FIG. 6 is a flow diagram of the manufacturing
method of the infrared OLED display device according to the
second embodiment of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0037] The accompanying drawings and the following
detailed descriptions are the preferred embodiments of the
present invention.

[0038] The present invention is to integrate infrared OLED
display units and solar cell onto a substrate to form an infrared
OLED display device with self-charging function, which
allows the infrared OLED to display and to self-charge using
solar energy.

[0039] Referring to FIG. 1, it shows a schematic structure
of an infrared OLED display device according to the first
embodiment of the present invention. The infrared OLED
display device according to the present embodiment com-
prises: multiple infrared OLED units 1, a solar cell 2, a trans-
former 3, and a rechargeable battery 4. The infrared OLED
units 1 are used to display infrared image. The solar cell 2,
which is used to absorb sunlight and then convert it to elec-
trical energy, is connected with the transformer 3. The trans-
former 3, which is used to transform the voltage of the elec-
trical energy generated from the solar cell 2 to the voltage of
power for the infrared OLED units 1, is connected with the
rechargeable battery 4. The rechargeable battery 4, which is
used to store the electrical energy after the transformer 3
converts the voltage and to provide the power for the infrared
OLED units 1, is connected with multiple infrared OLED
units 1, respectively. When the sun light is insufficient or the
solar cell can not provide sufficient power, an external power
supply can also be used to provide power for the infrared
OLED units 1. It is noted that FIG. 1 is a schematic diagram,
so that only one of the infrared OLED units 1 is shown.
Actually, each infrared OLED unit 1 is a pixel, which is
connected to the rechargeable battery 4 respectively and pro-
vides power by the rechargeable battery 4.

[0040] Referring to FIG. 2, the infrared OLED unit 1
according to the present invention from top to bottom in
sequence consists of: an inorganic protective layer 11, a cath-
ode 12, an electron transporting layer 13, a hole blocking
layer 14, an infrared light-emitting layer 15, a hole transport-
ing layer 16, an anode 17, an isolating protective layer 18, and
a flexible substrate 19. The inorganic protective layer 11 is
covered on the cathode 12, the electron transporting layer 13,
the hole blocking layer 14, the infrared light-emitting layer
15, the hole transporting layer 16, and the anode 17, which is
connected with the isolating protective layer 18. Wherein, the
isolating protective layer 11 is selected from the materials
consisting of TiO,, 8i0,, AL,O;, SiN,, SiO,N,, 8i0,C,, or
diamond-like carbon (DLC) film; the material of the cathode
12 is Al or Ag; the material of the electron transporting layer
13 1s 8-tris-hydroxyquinoline aluminum (Alg3); the material
of the hole blocking layer is 1,3,5-Tris(1-phenyl-1H-benz-
imidazol-2-yl)benzene (TPBI) or 2,9-Dimethy-4,7-diphenyl-
1,10-phenanthroline (BCP); the material of the infrared light-
emitting layer 15 is copper phthalocyanine (emission peak at
1120 nm) or tris(8-hydroxyquinolinato) erbium (emission
peak at 1530 nm); the material of the hole transporting layer
16 is N,N'-bis(3-methylphenyl)-N,N'-Diphenyl-1,1'-biphe-
nyl 4,4'-diamine (TPD) or N,N'-bis(1-naphthyl)-N,N'-diphe-
nyl-1,1"-biphenyl-4,4'-diamine (NPD); and the material of the
anode 17 is indium tin oxide (ITO).

[0041] The present invention utilizes flexible substrate. In
order to prevent external moisture and oxygen penetrating
into the internal infrared OLED unit 1, it further provides the
isolating protective layer (Barix) 18. The presence of the
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isolating protective layer 18 eliminates the need of mechani-
cal packaging component to block water vapor and oxygen.
The isolating protective layer 18 is an alternating structure
with an inorganic dielectric dense layer 181 and a polymer
layer 182, as shown in FIG. 3. The inorganic dielectric dense
layer 181 is mainly used to block water vapor and oxygen.
The polymer layer 182 is mainly used to increase the adhesion
and the absorbed stress between the inorganic dielectric dense
layers 181 and increases the surface planarization.

[0042] The inorganic dielectric dense layer 181 is selected
from the materials consisting of: transparent oxide film, such
as Ti0,, MgO, Si0,, Zr0,, Zn0, or Al,0;; the transparent
flucride film, such as LiF or Mgl',; the Si,N,, consists of
Si;N,, TiN, or SiN_; the chalcogenide glass, such as Se, Te, or
Sb; or other materials, such as ZnS, SiO,N,, or SiO,C,.
[0043] Thepolymer layer 182 is selected from the materials
consisting of: parylene-based material, such as poly-p-xy-
lylene (PPX) or poly-2-chloro-p-xylene (PCPX); polyolefin-
based material, such as polyethylene (PE), polystyrene (PS),
polypropylene (PP), poly ethylene terephthalate (PET), poly-
tetrafluoroethene (PTFE), or polyfluoroalkoxy (PFA); poly-
ester-based material, such as polyethylene naphthalate
(PEN), polycarbonate (PC), polyethylene methyl methacry-
late (PMMA), polyvinyl acetate (PVAC), or polyethersulfone
(PES); or polyimide.

[0044] The flexible substrate 19 according to the present
embodiment is plastic substrate, film substrate, thin glass
substrate, or stainless steel foil substrate.

[0045] The solar cell 2 according to the present embodi-
ment is organic solar cell or low temperature process inor-
ganic solar cell. The organic solar cell is polymer with het-
erogeneous p-n junction structure; wherein the organic
heterogeneous p-n junction material is poly (3-hexylth-
iophene) (P3HT): [6.6]-phenyl C61-butyric acid methyl ester
(PCBM) mixture, poly(2-methoxy-5-(2'-ethyl-hexyloxy)-1,
4-phenylene vinylene) (MEH-PPV): [6,6]-phenyl C61-bu-
tyric acid methyl ester (PCBM) mixture, or poly[2-methoxy-
5-(3',7'-Dimethyloctyloxy)-1,4-phenylenevinylene|
(MDMO-PPV): [6,6]-phenyl C61-butyric acid methyl ester
(PCBM) mixture. The inorganic solar cell is amorphous sili-
con solar cell, polycrystalline silicon solar cell, or inorganic
compound semiconductor thin film solar cell.

[0046] In the infrared OLED display device according to
the first embodiment of the present invention, the infrared
OLED unit 1 can also use hard screen glass substrate. In this
case, the infrared OLED unit 1 from top to bottom in sequence
consists of: a cathode 12, an electron transporting layer 13, a
hole blocking layer 14, an infrared light-emitting layer 15, a
hole transporting layer 16, an anode 17, and a hard screen
substrate. The selection of the material of each layer is con-
sistent with above and not repeat here.

[0047] Referring to FIG. 4 and FIG. 5, they show schematic
structures of the two pixels of the infrared OLED display
device according to the first embodiment of the present inven-
tion. In FIG. 4, the solar cell PV 2 and the infrared OLED unit
1 are parallel alternating structure. PV 2 is continuous strip-
like. Multiple infrared OLED units 1 are banded arrangement
with interval. With this structure, the infrared OLED units 1
are widely distributed, so that the displaying area is larger.
However, the wider distribution of the infrared OLED units 1
increases the power requirements and makes the arrangement
of the control circuit inconvenient. In FIG. 5, the PV 2 and the
infrared OLED unit 1 are independent regions. PV 2 is a
continuous structure, which equals to a pixel. The infrared
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OLED units 1 are concentrated. With this structure, the dis-
play shows good effect, and the power supply and control are
more convenient. However, the display area is small. In the
embodiment, choose the pixel structure shown in FIG. 4 or
FIG. 5 according to the requirements of the specific applica-
tion.

[0048] The second embodiment of the present invention
provides a manufacturing method of infrared OLED display
device, as shown in FIG. 6, comprising: providing a substrate;
preparing a solar cell on the substrate; preparing an infrared
OLED unit on the substrate; and providing a transformer and
a rechargeable battery respectively; wherein, the solar cell is
connected with the transformer, the transformer is connected
with the rechargeable battery, and the rechargeable battery is
connected with the infrared OLED unit.

[0049] The solar cell is organic solar cell or inorganic solar
cell; wherein the inorganic solar cell is amorphous silicon
solar cell, polycrystalline silicon solar cell, or inorganic com-
pound semiconductor thin film solar cells. Therefore, when
the solar cell is prepared on the substrate, the manufacturing
method will be different according to various solar cells,
which are as follows:

[0050] (1) If the organic solar cell is used, in the present
embodiment, the organic solar cell is polymer with heteroge-
neous p-n junction structure; wherein the organic heteroge-
neous p-n junction material is poly (3-hexylthiophene)
(P3HT): [6,6]-phenyl C61-butyric acid methyl ester (PCBM)
mixture, poly (2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-phe-
nylene vinylene) (MEH-PPV): [6,6]-phenyl C61-butyric acid
methyl ester (PCBM) mixture, or poly[2-methoxy-5-(3',7'-
Dimethyloctyloxy)-1,4-phenylenevinylene] (MDMO-PPV):
[6,6]-phenyl C61-butyric acid methyl ester (PCBM) mixture.
When preparing, dissolve the organic mixture in an organic
solvent such as chlorobenzene, and then spraying on a spe-
cific position of the substrate using printing technology.
[0051] (2) If the inorganic solar cell is used, the process
temperature of the inorganic solar cell is high, the organic
materials of the infrared OLED unit can not afford, so that the
inorganic solar cell is prepared prior to the infrared OLED
unit on the substrate. In the inorganic solar cell, the amor-
phous silicon solar cell and inorganic compound semicon-
ductor thin film solar cell are prepared using currently mature
production process. However, the preparation of the poly-
crystalline silicon solar cell is different from the currently
production process of the marketed products, which is using
amorphous silicon production process. It just needs to pro-
ceed with thermal annealing or laser annealing after coating,
and then grow polycrystalline silicon from amorphous sili-
con.

[0052] The infrared OLED unit is prepared using currently
mature OLED unit fabrication process. When the substrate is
a flexible substrate, and the infrared OLED unit according to
the present invention comprises the isolating protective layer
18 (as shown in FIG. 3), the preparation of isolating protective
layer 18 is: sputtering the polymer material on the substrate,
curing by UV irradiation, and then sputtering a layer of inor-
ganic dielectric material, which forms the alternating struc-
ture with an inorganic dielectric dense layer 181 and a poly-
mer layer 182.

[0053] The polymer layer is selected from the materials
consisting of: parylene-based material, such as poly-p-xy-
lylene (PPX) or poly-2-chloro-p-xylene (PCPX); polyolefin-
based material, such as polyethylene (PE), polystyrene (PS),
polypropylene (PP), poly ethylene terephthalate (PET), poly-

Feb. 5, 2015

tetrafluoroethene (PTFE), or polyfluoroalkoxy (PFA); poly-
ester-based material, such as polyethylene naphthalate
(PEN), polycarbonate (PC), polyethylene methyl methacry-
late (PMMA), polyvinyl acetate (PVAC), or polyethersulfone
(PES); or polyimide.

[0054] Theinorganic dielectric dense layer is selected from
the materials consisting of: transparent oxide film, such as
Ti0,, MgO, Si0,, Zr0,, Zn0, or Al,O5; the transparent fluo-
ride film, such as LiF or MgF,; the Si, N, consists of Si;N,,
TiN, or SiN,; the chalcogenide glass, such as Se, Te, or Sb; or
other materials, such as ZnS, SiO N, or SiO,C,.

[0055] Itshould be noted that the structure and materials of
the solar cell and the infrared OLED unit according to the
present embodiment and the beneficial effects thereof are the
same as the first embodiment. To describe simple, the present
embodiment is not repeated here.

[0056] The solar cell and the infrared OLED unit according
to the present invention are integrated into one device, so that
the infrared OLED display device not only display infrared
image, but also charge itself using the solar cell, which saves
energy.

[0057] The disclosed embodiments are the preferred
embodiments of the present invention, but not intending to
impose any unduly constraint to the appended claims. Any
equivalent change is considered encompassed in the scope of
protection defined by the claims of the present invention.

What is claimed is:

1. An infrared OLED display device, comprising:

multiple infrared OLED units, which are used to display
infrared image;

a solar cell, which is used to absorb sunlight and then
convert it to electrical energy;

a transformer, which is used to transform the voltage of the
electrical energy generated from the solar cell to the
voltage of power for the infrared OLED units; and

a rechargeable battery, which is used to store the electrical
energy after the transformer converts the voltage and to
provide the power for the infrared OLED units;

wherein, the solar cell is connected with the transformer,
the transformer is connected with the rechargeable bat-
tery, and the rechargeable battery is connected with the
multiple infrared OLED units.

2. The infrared OLED display device as claimed in claim 1,
wherein the infrared OLED unit from top to bottom in
sequence consists of: an inorganic protective layer, a cathode,
an electron transporting layer, a hole blocking layer, an infra-
red light-emitting layer, a hole transporting layer, an anode,
an isolating protective layer, and a flexible substrate.

3. The infrared OLED display device as claimed in claim 2,
wherein the inorganic protective layer is covered on the cath-
ode, the electron transporting layer, the hole blocking layer,
the infrared light-emitting layer, the hole transporting layer,
and the anode, which is connected with the isolating protec-
tive layer.

4. The infrared OLED display device as claimed in claim 2,
wherein the isolating protective layer is an alternating struc-
ture with an inorganic dielectric dense layer and a polymer
layer.

5. The infrared OLED display device as claimed in claim 4,
wherein the inorganic dielectric dense layer is selected from
the materials consisting of transparent oxide film, transparent
fluoride film, Si,N,, chalcogenide glass, ZnS, SiO,N,, or
S8i0,C,.
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6. The infrared OLED display device as claimed inclaim 5,
wherein the transparent oxide film consists of TiO,, MgO,
Si0,, Zr0,, 7ZnO, or Al,O;; the transparent fluoride film
consists of LiF or MgF,; the Si N, consists of Si,N,, TiN, or
SiN_; the chalcogenide glass consists of Se, Te, or Sh.

7. The infrared OLED display device as claimed in claim 4,
wherein the polymer layer is selected from the materials
consisting of parylene-based material, polyolefin-based
material, polyester-based material, or polyimide.

8. The infrared OLED display device as claimed in claim 7,
wherein the parylene-based material consists of poly-p-xy-
lylene (PPX) or poly-2-chloro-p-xylene (PCPX); the poly-
olefin-based material consists of polyethylene (PE), polysty-
rene (PS), polypropylene (PP), poly ethylene terephthalate
(PET), polytetrafluoroethene (PTFE), or polyfluoroalkoxy
(PFA); the polyester-based material consists of polyethylene
naphthalate (PEN), polycarbonate (PC), polyethylene methyl
methacrylate (PMMA), polyviny! acetate (PVAC), or poly-
ethersulfone (PES).

9. The infrared OLED display device as claimed in claim 2,
wherein the inorganic protective layer is selected from the
materials consisting of TiO,, 810,, Al,O,, SiN,, SiO,N,
Si0,C,, or diamond-like carbon (DLC) film; the material of
the cathode is Al or Ag; the material of the electron transport-
ing layer is 8-tris-hydroxyquinoline aluminum (Alg3); the
material of the hole blocking layeris 1,3,5-Tris(1-phenyl-1H-
benzimidazol-2-yl)benzene (TPBI) or 2,9-Dimethy-4,7-
diphenyl-1,10-phenanthroline (BCP); the material of the
infrared light-emitting layer is copper phthalocyanine or tris
(8-hydroxyquinolinato) erbium; the material of the hole
transporting layer is N,N'-bis(3-methylphenyl)-N,N'-Diphe-
nyl-1,1'-biphenyl 4,4'-diamine (TPD) or N,N'-bis(1-naph-
thyl)-N,N'-diphenyl-1,1'-biphenyl-4,4'-diamine (NPD); and
the material of the anode is indium tin oxide (ITO).

10. The infrared OLED display device as claimed in claim
2, wherein the flexible substrate is plastic substrate, film
substrate, thin glass substrate, or stainless steel foil substrate.

11. The infrared OLED display device as claimed in claim
1, wherein the infrared OLED unit from top to bottom in
sequence consists of: a cathode, an electron transporting
layer, a hole blocking layer, aninfrared light-emitting layer, a
hole transporting layer, an anode, and a hard screen substrate.

12. The infrared OLED display device as claimed in claim
1, wherein the solar cell is organic solar cell or inorganic solar
cell; the organic solar cell is polymer with heterogeneous p-n
junction structure; wherein the organic heterogeneous p-n
junction material is poly (3-hexylthiophene) (P3HT): [6,6]-
phenyl C61-butyric acid methyl ester (PCBM) mixture, poly
(2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-phenylene vinylene)
(MEH-PPV): [6,6]-phenyl C61-butyric acid methyl ester
(PCBM) mixture, or poly[2-methoxy-5-(3',7'-Dimethylocty-
loxy)-1,4-phenylenevinylene] (MDMO-PPV): [6,6]-phenyl
C61-butyric acid methyl ester (PCBM) mixture; the inorganic
solar cell is amorphous silicon solar cell, polycrystalline sili-
con solar cell, or inorganic compound semiconductor thin
film solar cell.

13. A manufacturing method of infrared OLED display
device, comprising:

providing a substrate;

preparing a solar cell on the substrate;

preparing an infrared OLED unit on the substrate; and

providing a transformer and a rechargeable battery respec-
tively,

Feb. 5, 2015

wherein, the solar cell is connected with the transformer,
the transformer is connected with the rechargeable bat-
tery, and the rechargeable battery is connected with the
infrared OLED unit.

14. The manufacturing method as claimed in claim 13,
wherein the infrared OLED unit from top to bottom in
sequence consists of: an inorganic protective layer, a cathode,
an electron transporting layer, a hole blocking layer, an infra-
red light-emitting layer, a hole transporting layer, an anode,
an isolating protective layer, and a flexible substrate; the
manufacturing method of the isolating protective layer is:
sputtering a polymer material on the substrate, curing by UV
irradiation, and then sputtering a layer of inorganic dielectric
material, which forms an alternating structure with an inor-
ganic dielectric dense layer and a polymer layer.

15. The manufacturing method as claimed in claim 14,
wherein the polymer material is selected from the materials
consisting of parylene-based material, polyolefin-based
material, polyester-based material, or polyimide.

16. The manufacturing method as claimed in claim 15,
wherein the parylene-based material consists of poly-p-xy-
lylene (PPX) or poly-2-chloro-p-xylene (PCPX); the poly-
olefin-based material consists of polyethylene (PE), polysty-
rene (PS), polypropylene (PP), poly ethylene terephthalate
(PET), polytetrafluoroethene (PTFE), or polyfluoroalkoxy
(PFA); the polyester-based material consists of polyethylene
naphthalate (PEN), polycarbonate (PC), polyethylene methyl
methacrylate (PMMA), polyvinyl acetate (PVAC), or poly-
ethersulfone (PES).

17. The manufacturing method as claimed in claim 13,
wherein the solar cell is organic solar cell or inorganic solar
cell; wherein the inorganic solar cell is amorphous silicon
solar cell, polycrystalline silicon solar cell, or inorganic com-
pound semiconductor thin film solar cells; the inorganic solar
cell is prepared prior to the infrared OLED unit on the sub-
strate.

18. The manufacturing method as claimed in claim 17,
wherein the organic solar cell is polymer with heterogeneous
p-njunction structure; wherein the organic heterogeneous p-n
junction material is poly (3-hexylthiophene) (P3HT): [6,6]-
phenyl C61-butyric acid methyl ester (PCBM) mixture, poly
(2-methoxy-5-(2"-ethyl-hexyloxy)-1.,4-phenylene vinylene)
(MEH-PPV): [6,6]-phenyl C61-butyric acid methyl ester
(PCBM) mixture, or poly[2-methoxy-5-(3',7'-Dimethylocty-
loxy)-1,4-phenylenevinylene] (MDMO-PPV): [6,6]-phenyl
C61-butyric acid methyl ester (PCBM) mixture; the step of
preparing the organic solar cell on the substrate specifically
is: dissolving the organic mixture in an organic solvent such
as chlorobenzene, and then spraying on a specific position of
the substrate using printing technology.

19. The manufacturing method as claimed in claim 17,
wherein the step of preparing the polycrystalline silicon solar
cell on the substrate specifically is: using amorphous silicon
production process, proceeding with thermal annealing or
laser annealing after coating, and growing polycrystalline
silicon from amorphous silicon.

20. An infrared OLED display device, comprising:

multiple infrared OLED units, which are used to display

infrared image, the infrared OLED unit from top to
bottom in sequence consisting of: an inorganic protec-
tive layer, a cathode, an electron transporting layer, a
hole blocking layer, an infrared light-emitting layer, a
hole transporting layer, an anode, an isolating protective
layer, and a flexible substrate;
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a solar cell, which is used to absorb sunlight and then
convert it to electrical energy;

atransformer, which is used to transform the voltage of the
electrical energy generated from the solar cell to the
voltage of power for the infrared OLED units; and

arechargeable battery, which is used to store the electrical
energy after the transformer converts the voltage and to
provide the power for the infrared OLED units;

wherein, the solar cell is connected with the transformer,
the transformer is connected with the rechargeable bat-
tery, and the rechargeable battery is connected with the
multiple infrared OLED units.
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