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The present invention discloses a display device. The display
device includes an OLED display and a voltage converter.
The OLED display used for displaying images comprises at
least one pixel comprising red, green and blue sub-pixels and
arranges an OPV cell used for converting solar energy into
electrical energy. The voltage converter is used for converting
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DISPLAY DEVICE AND METHOD OF
CONVERTING SOLAR ENERGY INTO
ELECTRICAL ENERGY

FIELD OF THE INVENTION

[0001] The present invention relates to a display technol-
ogy field, more particularly, to a display device and a method
of converting solar energy into electrical energy.

DESCRIPTION OF THE PRIOR ART

[0002] Organic light emitting diode (OLED) is a display
technology for next generation. It has broad application
future because of some advantages like active emitting, low
weight, energy saving, etc. There are two characteristics of a
conventional OLED display device: one is larger panel size,
and the other is consuming electrical energy rather than gen-
erating electrical energy.

[0003] There are a few ways of using solar energy in tradi-
tional technology, such as photo-thermal, opto-electrical,
photochemistry, etc, wherein the solar electrical energy gen-
eration is the most direct way. Solar battery is an apparatus
capable of converting solar energy into electrical energy.
Sunlight shines on a P-N junction to form hole-electron pairs.
Under an electrical field between the P-N junction, photo-
induced-holes flow from P region toanode, and photo-in-
duced-electrons flow from P region to N region, inducing a
current when a loop is formed.

[0004] Traditional solar battery is inorganic silicon solar
battery or inorganic compound battery. However, there is a
tendency for solar battery application that organic compound
substitutes for inorganic material. It is important for provid-
ing cheaper electrical energy by a use of solar energy because
there are advantages of organic material, such as flexibility,
easy-made, diverse sources of material, low cost, etc.

[0005] Ifthe conventional OLED panel with larger flat size
Converting solar energy in nature better by taking the advan-
tage of larger flat size in the OLED.

SUMMARY OF THE INVENTION

[0006] The object of the present invention is to provide a
display device to generate electrical energy by converting
solar energy and to supply the generated electrical energy to
the device.

[0007] According to the present invention, a display device
comprises an organic light emitting diode (OLED) display for
displaying images, the OLED display comprising at least one
pixel, each pixel comprising a plurality of sub-pixels, the
OLED display arranging an organic photovoltaic (OPV) cell
for absorbing solar energy and then converting the solar
energy into electrical energy; a voltage converter electrically
connected with the OPV cell, for converting voltage of the
electrical energy generated from the OPV cell; arechargeable
battery electrically connected with the OLED display and the
voltage converter, for saving electrical energy generated from
the OPV cell and supplying electrical energy to the OLED
display; and a control unit electrically connected with the
OLED display and the voltage converter for controlling a
switch of the OLED display and controlling the OPV cell to
output electrical energy to the voltage converter.

[0008] In one aspect of the present invention, the OPV cell
comprises at least one secondary battery disposed on the
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OLED display, and the secondary battery is used for absorb-
ing solar energy and converting the solar energy into electri-
cal energy.

[0009] Inanotheraspect of the present invention, the OLED
display comprises an OLED layer, and the secondary battery
1s disposed on the surface where the OLED layer locates.
[0010] Inanotheraspectofthe present invention, the OLED
display further comprises an anode layer and a cathode layer,
and the secondary battery electrically connects with the
anode layer and the cathode layer.

[0011] In another aspect of the present invention, the sec-
ondary battery is also used for outputting the electrical energy
to the voltage converter via the anode layer and the cathode
layer.

[0012] According to the present invention, a display device
comprises an organic light emitting diode (OLED) display for
displaying images, the OLED display comprising at least one
pixel, each pixel comprising a plurality of sub-pixels, the
OLED display arranging an organic photovoltaic (OPV) cell
for absorbing solar energy and then converting the solar
energy into electrical energy; and a voltage converter electri-
cally connected with the OPV cell, for converting voltage of
the electrical energy generated from the OPV cell.

[0013] In one aspect of the present invention, the OPV cell
comprises at least one secondary battery disposed on the
OLED display, and the secondary battery is used for absorb-
ing solar energy and converting the solar energy into electri-
cal energy.

[0014] Inanotheraspect of the present invention, the OLED
display comprises an OLED layer, and the secondary battery
1s disposed on the surface where the OLED layer locates.
[0015] Inanotheraspectofthe present invention, the OLED
display further comprises an anode layer and a cathode layer,
the secondary battery electrically connects with the anode
layer and the cathode layer, and the secondary battery is used
for outputting the electrical energy to the voltage converter
via the anode layer and the cathode layer.

[0016] In another aspect of the present invention, the dis-
play device further comprises a rechargeable battery electri-
cally connected with the OLED display and the voltage con-
verter, for saving electrical energy generated from the OPV
cell and supplying electrical energy to the OLED display.
[0017] In another aspect of the present invention, the dis-
play device further comprises a control unit electrically con-
nected with the OLED display and the voltage converter, for
controlling a switch of the OLED display and controlling the
OPV cell to output electrical energy to the voltage converter.
[0018] According to the present invention, a method of
using a display device to convert solar energy into electrical
energy is provided. The display device comprises an OLED
display and a voltage converter. The OLED display arranges
an OPV cell. The method comprises following steps: (A) the
OPV cell absorbing solar energy and then converting the solar
energy into electrical energy; and (B) the voltage converter
converting voltage of the electrical energy generated from the
OPV cell.

[0019] In another aspect of the present invention, the OPV
cell comprises at least one secondary battery, the at least one
secondary battery is disposed in the OLED display. The step
(A) further comprises a following step: (al) the secondary
battery absorbing the solar energy and then converting the
solar energy into electrical energy.

[0020] In another aspect of the present invention, the dis-
play device further comprises a rechargeable battery, the



US 2014/0009453 A1

rechargeable battery electrically connects with the OLED
display and the voltage converter. The method further com-
prises a following step: (C) the rechargeable battery saves the
electrical energy generated from the OPV cell and supplies
electrical energy to the OLED display.

[0021] In another aspect of the present invention, the dis-
play device further comprises a control unit electrically con-
nected with the OPV cell and the OLED display. The method
further comprises a following step: (D) the control unit con-
trols aswitch of the OLED display and the OPV cell to output
electrical energy to the voltage converter.

[0022] Compared to the prior art, the display device of the
present invention is capable of converting solar energy into
electrical energy because there is an organic solar battery,
more specifically, a plurality of secondary batteries, in the
OLED display. The plurality of secondary batteries are dis-
posed with the pixels of the OLED display together. There-
fore, the display device is capable of absorbing solar energy
and then converting the solar energy into electrical energy. In
addition, the present invention further comprises a voltage
conversion device and rechargeable batteries. Therefore, the
present invention is capable of converting voltage of the elec-
trical energy generated by the organic solar battery to charge
the rechargeable batteries or supply electrical energy to the
OLED display. Inhence, it makes into practice that the OLED
device generates electrical energy by solar energy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG.1isablock diagram of a display device accord-
ing to the present invention.

[0024] FIG. 2 shows a schematic diagram of a pixel struc-
ture of the display device according to a first preferred
embodiment of the present invention.

[0025] FIG. 3 shows a schematic diagram of a pixel struc-
ture of the display device according to a second preferred
embodiment of the present invention.

[0026] FIG. 4 shows a schematic diagram of a pixel struc-
ture of the display device according to a third preferred
embodiment of the present invention.

[0027] FIG. 5 shows a schematic diagram of a pixel struc-
ture of the display device according to a fourth preferred
embodiment of the present invention.

[0028] FIG. 6 shows a schematic diagram of a pixel struc-
ture of the display device according to a fifth preferred
embodiment of the present invention.

[0029] FIG. 7 shows a schematic diagram of a pixel struc-
ture of the display device according to a sixth preferred
embodiment of the present invention.

[0030] FIG. 8 shows a flowchart of a method of using a
display device to convert solar energy to electrical energy
according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] These and other features, aspects and advantages of
the present disclosure will become understood with reference
to the following description, appended claims and accompa-
nying figures.

[0032] Referring to FIG. 1, FIG. 1 is a block diagram of a
display device according to the present invention. The display
device comprises an OLED display 103, a control unit 102, an
organic photovoltaic (OPV cell) 101, a voltage converter 104
and a rechargeable battery 105. The control unit 102 electri-
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cally connects with the OPV cell 101 and the OLED display
103. The voltage converter 104 electrically connects with the
OPV cell 101 and the rechargeable battery 105. The OLED
display 103 electrically connects with the rechargeable bat-
tery 105. The control unit is used for controlling the switch of
the OLED display 103 and the OPV cell 101 whether to
output electrical energy to the voltage converter 104. The
voltage converter 104 is used for converting the electrical
energy generated by the OPV cell 101 into a predetermined
voltage. The predetermined voltage is suitable for charging
the rechargeable battery 105 or conducting the converted
electrical energy to the rechargeable battery 105 after supply-
ing electrical energy to the OLED display 103. The recharge-
able battery 105 is used for storing the electrical energy
generated by the OPV cell 101 and converted by the voltage
converter 104 and for supplying the electrical energy to the
OLED display 103.

[0033] The OLED display 103 used for displaying images
comprises an anode layer (not shown in FIG. 1), an OLED
layer (not shown in FIG. 1) and a cathode layer (not shown in
FIG. 1). The anode layer, the OLED layer and the cathode
layer stack to assemble in an order from the bottom to the top.
The assembly of the anode layer, the OLED layer and the
cathode has at least one pixel comprising three sub-pixels,
i.e., red, green and blue sub-pixels.

[0034] The OLED display 103 is also used for absorbing
solar energy and then converting the solar energy into elec-
trical energy. More specifically, the OLED display 103
arranges the OPV cell 101 used for absorbing and converting
solar energy into electrical energy. The OPV cell 101 is dis-
posed on the surface where the OLED layer is. That is to say
the OPV cell 101 is positioned between the anode layer and
the cathode layer. A first wire is arranged on the anode layer,
and a second wire is arranged on the cathode layer. The OPV
cell 101 electrically connects with the first wire in the anode
layer and the second wire in the cathode layer. The electrical
energy generated from the OPV cell 101 outputs to the volt-
age converter 104 via the second wire in the cathode layer and
the first wire in the anode layer.

[0035] TheOPV cell 101 has at least one secondary battery.
The at least one secondary battery arranges together with the
red, green and the blue sub-pixels of the OLED display 103.
The red, green and the blue sub-pixels are all electrically
connected with scan lines 204, a data line 201 and first power
lines 202 as shown in FIG. 2 to FIG. 7. The at least one
secondary battery is disposed on the surface where the OLED
layer is. That is to say the at least one secondary battery is
positioned between the anode layer and the cathode layer and
electrically connects with the first wire in the anode layer and
the second wire in the cathode layer.

[0036] Referring to FIG. 2, FIG. 2 shows a diagram of a
pixel structure of the display device according to the first
embodiment in the present invention. The shape and size of
the first secondary battery 1011 are the same with those of
each of a first red sub-pixel 10311, a green sub-pixel 10312
and a first blue sub-pixel 10313 in a first pixel 1031. The first
red sub-pixel 10311, the first green sub-pixel 10312 and the
first blue sub-pixel 10313 in the first pixel 1031 arranges in
the form of a linear matrix. The first secondary battery 1011
locates next to the first pixel 1031. More specifically, the first
secondary battery 1011 arranges with the first red sub-pixel
10311, the first green sub-pixel 10312 and the first blue sub-
pixel 10313 in the form of a linear matrix. The first secondary
battery 1011 electrically connects with the second power line
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203, and the second power line 203 is used for outputting the
electrical energy generated from the first secondary battery
1011 to the voltage converter 104.

[0037] Referring to FIG. 3, FIG. 3 is a diagram of a pixel
structure of the display device according to the second
embodiment in the present invention. The shape and size of
the first secondary battery 1011 are the same with those of
each of the first red sub-pixel 10311, the first green sub-pixel
10312 and the first blue sub-pixel 10313 in the first pixel
1031. The first red sub-pixel 10311, the first green sub-pixel
10312 and the first blue sub-pixel 10313 in the first pixel 1031
arranges in the form of matrix. The first secondary battery
1011 locates next to the first pixel 1031. More specifically, the
first secondary battery 1011 arranges in the form of matrix
with the first red sub-pixel 10311, the first green sub-pixel
10312 and the first blue sub-pixel 10313. The first secondary
battery 1011 electrically connects with the first power line
202 via a diode, and the first power line 202 is used for
outputting the electrical energy generated from the first sec-
ondary battery 1011 to sub-pixels in the first pixel 1031. The
conducting direction of the diode goes from the first second-
ary battery to the first power line 202.

[0038] Referring to FIG. 4, FIG. 4 is a diagram of a pixel
structure of the display device according to the third embodi-
ment in the present invention. The first pixel 1031 arranges
with a second pixel 1032 in column. The first red sub-pixel
10311, the first green sub-pixel 10312 and the first blue sub-
pixel 10313 in the first pixel 1031 arrange in the form of linear
matrix with a first red sub-pixel 10321, a green sub-pixel
10322 and a first blue sub-pixel 10323 in the second pixel
1032. The first secondary battery 1011 arranges on the first
pixel 1031 and the second pixel 1032. More specifically, the
first secondary battery 1011 arranges on the position between
the two adjacent sub-pixels of the first pixel 1031 and the
second pixel 1032 (The first blue sub-pixel 10313 and the
second red sub-pixel 10321). Besides that, the first secondary
battery 1011 crosses the region where the two sub-pixels (the
first blue sub-pixel 10313 and the second red sub-pixel
10321) locate. The first secondary battery 1011 electrically
connects with the second power line 203, and the second
power line 203 is used for outputting the electrical energy
generated from the first secondary battery 1011 to the voltage
converter 104.

[0039] Referring to FIG. 5, FIG. 5 is a diagram of a pixel
structure of the display device according to the fourth
embodiment in the present invention. The shape and size of
the first secondary battery 1011, a second secondary battery
1012 and a third secondary battery 1013 are the same with
those of the sub-pixels in the first pixel 1031. The first sec-
ondary battery 1011, the second secondary battery 1012 and
the third secondary battery 1013 are respectively disposed on
the first red sub-pixel 10311, the first green sub-pixel 10312
and the first blue sub-pixel 10313 in the first pixel. Each of the
first secondary battery 1011, the second secondary battery
1012 and the third secondary battery 1013 electrically con-
nects with the first power line 202 via a diode. The first power
line 202 is used for outputting the electrical energy generated
from the secondary batteries to the sub-pixels in the first
pixels 1031, and the conducting direction of the diode goes
from the secondary batteries to the first power line 202.
[0040] Referring to FIG. 6, FIG. 6 is a diagram of a pixel
structure of the display device according to the fifth embodi-
ment in the present invention. The first secondary battery
1011 crosses the region where the first red sub-pixel 10311,
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the first green sub-pixel 10312 and the first blue sub-pixel
10313 inthe first pixel locates and is disposed on the first pixel
1031. More specifically, The first secondary battery 1011 is
disposed on the first red sub-pixel 10311, the first green
sub-pixel 10312 and the first blue sub-pixel 10313. The first
secondary battery 1011 electrically connects with the second
power line 203, and the second power line 203 is used for
outputting the electrical energy generated from the first sec-
ondary battery 1011 to the voltage converter 104.

[0041] Referring to FIG. 7, FIG. 7 is a diagram of a pixel
structure of the display device according to the sixth embodi-
ment in the present invention. The first secondary battery
1011 crosses the region where the sub-pixels in the first pixel
1031 and sub-pixels in a N pixel 103N locate. The sub-pixels
in the first pixel 1031, the sub-pixels in the second pixel .. .,
the sub-pixels in the N pixel 103N arrange in the form of
linear matrix. The first secondary battery 1011 is disposed on
the region between the first pixel 1031 and the N pixel 103N.
More specifically, the first secondary battery 1011 arranges
on the region between the first red sub-pixel 10311 in the first
pixel 1031 and the Nth blue sub-pixel 103N3 in the N pixel
103N. The first secondary battery 1011 electrically connects
with the second power line 203, and the second power line
203 is used for outputting the electrical energy generated
from the first secondary battery 1011 to the voltage converter
104.

[0042] FIG. 8 shows a flowchart of a method of using a
display device to convert solar energy to electrical energy
according to the present invention. In Step 801, the OPV cell
101 in the OLED display 103 absorbs solar energy. More
specifically, The OLED display 103 arranges at least one
pixel including red sub-pixel, green sub-pixel and blue sub-
pixel. The OPV cell 101 comprises at least one secondary
battery which arranges together with the red sub-pixel, the
first green sub-pixel and the blue sub-pixel in the at least one
pixel. The secondary battery in the OLED display 103
absorbs solar energy. In Step 802, The OPV cell 101 converts
the solar energy into the electrical energy and then outputting
the electrical energy to the voltage converter 104. More spe-
cifically, at least one secondary battery in the OPV cell 101
converts the absorbed solar energy into the electrical energy.
In Step 803, The voltage converter 104 converts voltage of the
electrical energy generated from the OPV cell 101 to fit for
charging the rechargeable battery 105 or supplying electrical
energy to the OLED display 103. In Step 804, the recharge-
able battery 105 saves the converted electrical energy and
supply electrical energy to the OLED display 103 as the
OLED display 103 is switched on by the control unit 102.
[0043] In the present invention, the OLED display 103
arranges the OPV cell 101. More specifically, there are a
plurality of secondary batteries, arranging with the pixels in
the OLED display 103 together, in the present invention.
Therefore, the display device in the present invention is
capable of absorbing and then converting solar energy into
electrical energy. In addition, the present invention also pro-
poses the voltage converter 104 and the rechargeable battery
105 to convert the electrical energy generated from the OPV
cell 101, which is for charging the rechargeable battery 105
and supplying electrical energy to the OLED display 103. In
hence, it leads to the OLED display 103 to achieve solar
electrical energy generation.

[0044] While the present invention has been described in
connection with what is considered the most practical and
preferred embodiments, it is understood that this invention is
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not limited to the disclosed embodiments but is intended to
cover various arrangements made without departing from the
scope of the broadest interpretation of the appended claims.

What is claimed is:

1. A display device comprising:

an organic light emitting diode (OLED) display for dis-
playing images, the OLED display comprising at least
one pixel, each pixel comprising a plurality of sub-pix-
els, the OLED display arranging an organic photovoltaic
(OPV) cell for absorbing solar energy and then convert-
ing the solar energy into electrical energy;

a voltage converter electrically connected with the OPV
cell, for converting voltage of the electrical energy gen-
erated from the OPV cell;

a rechargeable battery electrically connected with the
OLED display and the voltage converter, for saving elec-
trical energy generated from the OPV cell and supplying
electrical energy to the OLED display; and

a control unit electrically connected with the OLED dis-
play and the voltage converter for controlling a switch of
the OLED display and controlling the OPV cell to output
electrical energy to the voltage converter.

2. The display device of claim 1, wherein the OPV cell
comprises at least one secondary battery disposed on the
OLED display, and the secondary battery is used for absorb-
ing solar energy and converting the solar energy into electri-
cal energy.

3. The display device of claim 2, wherein the OLED dis-
play comprises an OLED layer, and the secondary battery is
disposed on the surface where the OLED layer locates.

4. The display device of claim 3, wherein the OLED dis-
play further comprises an anode layer and a cathode layer, and
the secondary battery electrically connects with the anode
layer and the cathode layer.

5. The display device of claim 4, wherein the secondary
battery is also used for outputting the electrical energy to the
voltage converter via the anode layer and the cathode layer.

6. A display device comprising:

an organic light emitting diode (OLED) display for dis-
playing images, the OLED display comprising at least
one pixel, each pixel comprising a plurality of sub-pix-
els, the OLED display arranging an organic photovoltaic
(OPV) cell for absorbing solar energy and then convert-
ing the solar energy into electrical energy; and

a voltage converter electrically connected with the OPV
cell, for converting voltage of the electrical energy gen-
erated from the OPV cell.

7. The display device of claim 6, wherein the OPV cell
comprises at least one secondary battery disposed on the
OLED display, and the secondary battery is used for absorb-
ing solar energy and converting the solar energy into electri-
cal energy.
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8. The display device of claim 7, wherein the OLED dis-
play comprises an OLED layer, and the secondary battery is
disposed on the surface where the OLED layer locates.

9. The display device of claim 8, wherein the OLED dis-
play further comprises an anode layer and a cathode layer, the
secondary battery electrically connects with the anode layer
and the cathode layer, and the secondary battery is used for
outputting the electrical energy to the voltage converter via
the anode layer and the cathode layer.

10. The display device of claim 6 further comprising a
rechargeable battery electrically connected with the OLED
display and the voltage converter, for saving electrical energy
generated from the OPV cell and supplying electrical energy
to the OLED display.

11. The display device of claim 6 further comprising a
control unit electrically connected with the OLED display
and the voltage converter, for controlling a switch of the
OLED display and controlling the OPV cell to output elec-
trical energy to the voltage converter.

12. A method of using a display device to convert solar
energy into electrical energy, the display device comprising
an OLED display and a voltage converter, the OLED display
arranging an OPV cell, and the method comprising following
steps:

(A) the OPV cell absorbing solar energy and then convert-

ing the solar energy into electrical energy: and

(B) the voltage converter converting voltage of the electri-
cal energy generated from the OPV cell.

13. The method of claim 12, wherein the OPV cell com-
prises at least one secondary battery, the at least one second-
ary battery 1s disposed in the OLED display;

the step (A) further comprises a following step:

(al) the secondary battery absorbing the solar energy and
then converting the solar energy into electrical energy.

14. The method of claim 12, wherein the display device
further comprises a rechargeable battery, the rechargeable
battery electrically connects with the OLED display and the
voltage converter;

the method further comprises a following step:

(C) the rechargeable battery saves the electrical energy
generated from the OPV cell and supplies electrical
energy to the OLED display.

15. The method of claim 12, wherein the display device
further comprises a control unit electrically connected with
the OPV cell and the OLED display; the method further
comprises a following step:

(D) the control unit controls a switch of the OLED display

and the OPV cell to output electrical energy to the volt-
age converter.
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