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providing a transparent dual-sided display device / S1

entering a non-transparent dual-sided display mode;

wherein the timing controller is input with the input data signal and outputs the fourth
and fifth control signals to control the fourth thin-film transistor to conduct on and the
fifth thin-film transistor cut off, and meanwhile, the timing controller outputs the first,
second, and third control signals to conduct on the third thin-film transistor, the first
thin-film transistor, and the second thin-film transistor in order and outputs the S2
front-side output data signal, the back-side output data signal, and the source driving _
control signal to the source driver to allow the source driver to apply the reference
voltage to the electrowetting sub-pixel when the third thin-film transistor is
conducting on, output the front-side output data signal to the front-side OLED
sub-pixel when the first thin-film transistor is conducting on, and output the back-side
output data signal to the back-side OLED sub-pixel when the second thin-film
transistor is conducting on

entering a transparent dual-sided display mode;

wherein the timing controller is input with the input data signal and outputs the fourth
and fifth control signals to control the fourth thin-film transistor to cut off and the
fifth thin-film transistor conducting one, and meanwhile, the timing controller outputs
the first, second, and third control signals to conduct on the third thin-film transistor,
the first thin-film transistor, the second thin-film transistor in order and outputs the \../ S3
front-side output data signal, the back-side output data signal, and the source driving
control signal to the source driver to allow the source driver to apply the reference
voltage to the electrowetting sub-pixel when the third thin-film transistor is
conducting on, output the front-side output data signal to the front-side OLED
sub-pixel when the first thin-film transistor is conducting on, and output the back-side
output data signal to the back-side OLED sub-pixel when the second thin-film
transistor is conducting on

Fig. 5
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TRANSPARENT DUAL-SIDED DISPLAY
DEVICE AND DRIVING METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to the field of display
technology, and more particular to a transparent dual-sided
display device and a driving method thereof.

2. The Related Arts

[0002] Organic light-emitting display (OLED) possesses
various advantages, such as being self-luminous, low drive
voltage, high luminous efficiency, short response time, high
clarity and contrast, almost 180° view angle, wide range of
operation temperature, and easy realization of flexible dis-
playing and large-area full-color displaying, and is consid-
ered the most promising display device in the industry.
[0003] Based on the way of driving, OLEDs can be
classified in two categories, passive matrix OLED
(PMOLED) and active matrix OLED (AMOLED), namely
two categories of direct addressing and TFT array address-
ing, among which the AMOLED comprises pixels that are
arranged in an array and belongs to an active display type,
having high light emission performance and being com-
monly used in high definition large-sized display devices.
[0004] An OLED device is generally made up of a trans-
parent substrate, an anode arranged on the transparent sub-
strate, a hole injection layer arranged on and anode, a hole
transport layer arranged on the hole injection layer, an
emissive layer arranged on the hole transport layer, an
electron transport layer arranged on the emissive layer, an
electron injection layer arranged on the electron transport
layer, and a cathode arranged on the electron injection layer.
The principle of light emission of the OLED device is that
when a semiconductor material and an organic light emis-
sion material are driven by an electric field, carrier currents
are injected and re-combine to cause emission of light.
Specifically, the OLED device often uses an indium tin
oxide (ITO) electrode and a metal electrode to respectively
serve as anode and cathode of the device and electrons and
holes, when driven by a predetermined electrical voltage, are
respectively injected into the electron transport layer and the
hole transport layer from the cathode and the anode such that
the electrons and the holes respectively migrate through the
electron transport layer and the hole transport layer to get
into the emissive layer and meet in the emissive layer to
form excitons to excite light emissive molecules to emit
light, the later undergoing radiation relaxation to give off
visible light.

[0005] With the progress of the display technology, dual-
sided display devices and transparent display devices are
becoming hot spots of research for the major manufacturers.
Referring to FIG. 1, a pixel arrangement of a known
transparent display device is shown. The pixel arrangement
comprises a plurality of pixels 100" arranged in an array.
Each pixel 100" comprises a red sub-pixel 110", a green
sub-pixel 120' and a blue sub-pixel 130" sequentially
arranged. The red sub-pixel 110", the green sub-pixel 120’
and the blue sub-pixel 130" each have a hollowed portion
140" in order to realize transparent displaying. Referring to
FIG. 2, which shows a schematic view of a known dual-
sided display device. The dual-sided display device com-
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prises pixel 200" that are arranged in arrays on two sides of
atransparent substrate 100" and corresponding to each other.
Bach pixel 200" comprises a red sub-pixel 210", a green
sub-pixel 220" and a blue sub-pixel 230" sequentially
arranged. Dual displaying is achieved by separately driving
the pixels 200" on the front side and rear side of the
transparent substrate 100". The known display devices are
only capable of one mode of either transparent displaying or
dual-sided displaying and are incapable of providing both
transparent displaying and dual-sided displaying.

[0006] Electrowetting (EW) is a phenomenon of wettabil-
ity of a liquid drop on an insulating transparent substrate by
varying an electric voltage between the liquid drop and the
transparent substrate to change, so as to change contact
angle to thus cause deformation and displacement of the
liquid drop. Electrowetting technology has been used by
some manufacturers to manufacture sub-pixels of display
devices. Such an electrowetting sub-pixel, upon application
of an electric voltage, would cause a change of a tension on
a surface of the liquid in contact with outside of an electrode
and consequently resulting in instability of a static condi-
tion, making the liquid transferred to a side to form a partly
transparent pixel spot thereby achieving an effect of trans-
parent displaying. Once the supply of electricity to the
electrowetting sub-pixel is cut off] the liquid restores to the
original position, allowing the electrowetting sub-pixel to
display an effect of shielding light.

SUMMARY OF THE INVENTION

[0007] Objectives of the present invention are to provide
a transparent dual-sided display device, which is capable of
transparent displaying and dual-sided displaying.

[0008] Objectives of the present invention are also to
provide a driving method of a transparent dual-sided display
device capable of achieving both transparent displaying and
dual-sided displaying at the same time.

[0009] To achieve the above objectives, firstly, the present
invention provides a transparent dual-sided display device,
which comprises a display panel, a source driver electrically
connected to the display panel, a timing controller electri-
cally connected to both the source driver and the display
panel, and a voltage controller electrically connected to both
the timing controller and the source driver;

[0010] wherein the display panel comprises a transparent
substrate, a plurality of sub-pixel groups arranged in an array
on the transparent substrate, and a plurality of multiplexer
modules respectively corresponding to a plurality columns
of the sub-pixel groups; the source driver comprises a
plurality of output terminals respectively corresponding to
the plurality of rows of sub-pixel groups; each of the
sub-pixel groups comprises a front-side organic light emit-
ting display (OLED) sub-pixel and a back-side OLED
sub-pixel that are respectively arranged on two opposite
sides of the transparent substrate and an electrowetting
sub-pixel arranged on one of the sides of the transparent
substrate; each of the multiplexer modules comprises a first
thin-film transistor, a second thin-film transistor, and a third
thin-film transistor, the first thin-film transistor having a gate
electrode input with a first control signal, a drain electrode
electrically connected to all the front-side OLED sub-pixels
of the sub-pixel groups of one of the columns corresponding
thereto, and a source electrode electrically connected to one
of the output terminals of the source driver corresponding
thereto, the second thin-film transistor having a gate elec-
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trode input with a second control signal, a drain electrode
electrically connected to all the back-side OLED sub-pixels
of the sub-pixel groups of the one of the columns corre-
sponding thereto, and a source electrode electrically con-
nected to the one of the output terminals of the source driver
corresponding thereto, the third thin-film transistor having a
gate electrode input with a third control signal, a drain
electrode electrically connected to all the electrowetting
sub-pixel of the sub-pixel groups of the one of the columns
corresponding thereto, and a source electrode electrically
connected to the one of the output terminals of the source
driver corresponding thereto;

[0011] wherein the voltage controller comprises a fourth
thin-film transistor and a fifth thin-film transistor, the fourth
thin-film transistor having a gate electrode input with a
fourth control signal, a source electrode input with a second
voltage, and a drain electrode electrically connected to a
drain electrode of the fifth thin-film transistor and outputting
a reference voltage to the source driver, the fifth thin-film
transistor having a gate electrode input with a fifth control
signal and a source electrode input with a first voltage; the
first voltage is greater than the second voltage; each of the
electrowetting sub-pixels is transparent upon application of
the first voltage and blocks light upon application of the
second voltage; and

[0012] wherein the timing controller is operable to receive
an input data signal and generating and supplying a front-
side output data signal and a back-side output data signal to
the source driver, outputting the first, second, and third
control signals to control the first, second, and third thin-film
transistors to conduct on or cut off, outputting the fourth and
fifth control signals to control a voltage value of the refer-
ence voltage output from the voltage controller, and output-
ting a source driving control signal to the source driver to
control the source driver to output the front-side output data
signal, the back-side output data signal, or the reference
voltage.

[0013] The transparent dual-sided display device com-
prises a non-transparent dual-sided display mode and a
transparent dual-sided display mode;

[0014] wherein when the transparent dual-sided display
device is in the non-transparent dual-sided display mode, the
timing controller outputs the fourth and fifth control signals
to control the fourth thin-film transistor to conduct on and
the fifth thin-film transistor cut off and meanwhile, the
timing controller outputs the first, second, and third control
signals to conduct on the third thin-film transistor, the first
thin-film transistor, and the second thin-film transistor in
order and outputs the front-side output data signal, the
back-side output data signal and the source driving control
signal to the source driver to make the source driver apply
the reference voltage to the electrowetting sub-pixel when
the third thin-film transistor is conducting on, output the
front-side output data signal to the front-side OLED sub-
pixel when the first thin-film transistor is conducting on, and
output the back-side output data signal to the back-side
OLED sub-pixel when the second thin-film transistor is
conducting on; and

[0015] when the transparent dual-sided display device is in
the transparent dual-sided display mode, the timing control-
ler outputs the fourth and fifth control signals to control the
fourth thin-film transistor to cut off and the fifth thin-film
transistor conducting on and meanwhile, the timing control-
ler outputs the first, second, and third control signals to
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conduct on the third thin-film transistor, the first thin-film
transistor, and the second thin-film transistor in order and
outputs the front-side output data signal, the back-side
output data signal and the source driving control signal to the
source driver to make the source driver apply the reference
voltage to the electrowetting sub-pixel when the third thin-
film transistor is conducting on, output the front-side output
data signal to the front-side OLED sub-pixel when the first
thin-film transistor is conducting on, and output the back-
side output data signal to the back-side OLED sub-pixel
when the second thin-film transistor is conducting on.
[0016] When the transparent dual-sided display device is
in the non-transparent dual-sided display mode or the trans-
parent dual-sided display mode, the timing controller reads
parts of the input data signal that correspond to each of the
columns of the sub-pixel groups in a forward sequence in
order to acquire an intermediate front-side output data signal
and reads parts of the input data signal that correspond to
each of the columns of the sub-pixel groups in a reversed
sequence in order to acquire an intermediate back-side
output data signal and then, proceeds with frequency dou-
bling of the intermediate front-side output data signal and
the intermediate back-side output data signal to thereby
obtain, and also feed, the front-side output data signal and
the back-side output data signal to the source driver.
[0017] The second voltage is a common voltage; and
[0018] the transparent dual-sided display device further
comprises a voltage generator module electrically connected
to the source driver and the voltage controller and the
voltage generator module is operable to supply an operation
voltage to the source driver and supplying the first voltage
and the common voltage to the voltage controller.

[0019] The timing controller comprises a data handling
unit, a frequency multiplication processing unit electrically
connected to the data handling unit, and a control signal
generator unit;

[0020] the data handling unit is operable for reading the
parts of the input data signal that correspond to each of the
columns of the sub-pixel groups in the forward sequence to
acquire the intermediate front-side output data signal and
reading the parts of the input data signal that correspond to
each of the columns of the sub-pixel groups in the reversed
sequence to acquire the intermediate back-side output data
signal;

[0021] the frequency multiplication processing unit is
operable to carry out a frequency doubling operation on the
intermediate front-side output data signal and the interme-
diate back-side output data signal to obtain the front-side
output data signal and the back-side output data signal,
respectively; and

[0022] the control signal generator unit is operable to
generate the first, second, third, fourth, and fifth control
signals and the source driving control signal.

[0023] The present invention also provides a driving
method of a transparent dual-sided display device, which
comprises the following steps:

[0024] Step S1: providing a transparent dual-sided display
device described above;

[0025] Step S2: entering a non-transparent dual-sided dis-
play mode,
[0026] wherein the timing controller is input with the input

data signal and outputs the fourth and fifth control signals to
control the fourth thin-film transistor to conduct on and the
fifth thin-film transistor cut off, and meanwhile, the timing
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controller outputs the first, second, and third control signals
to conduct on the third thin-film transistor, the first thin-film
transistor, and the second thin-film transistor in order and
outputs the front-side output data signal, the back-side
output data signal, and the source driving control signal to
the source driver to allow the source driver to apply the
reference voltage to the electrowetting sub-pixel when the
third thin-film transistor is conducting on, output the front-
side output data signal to the front-side OLED sub-pixel
when the first thin-film transistor is conducting on, and
output the back-side output data signal to the back-side
OLED sub-pixel when the second thin-film transistor is
conducting on; and

[0027] Step S3: entering a transparent dual-sided display
mode,
[0028] wherein the timing controller is input with the input

data signal and outputs the fourth and fifth control signals to
control the fourth thin-film transistor to cut off and the fifth
thin-film transistor conducting one, and meanwhile, the
timing controller outputs the first, second, and third control
signals to conduct on the third thin-film transistor, the first
thin-film transistor, the second thin-film transistor in order
and outputs the front-side output data signal, the back-side
output data signal, and the source driving control signal to
the source driver to allow the source driver to apply the
reference voltage to the electrowetting sub-pixel when the
third thin-film transistor is conducting on, output the front-
side output data signal to the front-side OLED sub-pixel
when the first thin-film transistor is conducting on, and
output the back-side output data signal to the back-side
OLED sub-pixel when the second thin-film transistor is
conducting on.

[0029] In Steps S2 and S3, the timing controller reads
parts of the input data signal that correspond to each of the
columns of the sub-pixel groups in a forward sequence in
order to acquire intermediate front-side output data signal
and reads parts of the input data signal that correspond to
each of the columns of the sub-pixel groups in a reversed
sequence in order to acquire intermediate back-side output
data signal and then, proceeds with frequency doubling of
the intermediate front-side output data signal and the inter-
mediate back-side output data signal to thereby obtain, and
also feed, the front-side output data signal and the back-side
output data signal to the source driver.

[0030] The second voltage is a common voltage; and
[0031] the transparent dual-sided display device further
comprises a voltage generator module electrically connected
to the source driver and the voltage controller and the
voltage generator module is operable to supply an operation
voltage to the source driver and supplying the first voltage
and the common voltage to the voltage controller.

[0032] The timing controller comprises a data handling
unit, a frequency multiplication processing unit electrically
connected to the data handling unit, and a control signal
generator unit; and

[0033] in Steps S2 and S3, the data handling unit reads the
parts of the input data signal that correspond to each of the
columns of the sub-pixel groups in the forward sequence to
acquire the intermediate front-side output data signal and
reading the parts of the input data signal that correspond
each of the columns of the sub-pixel groups in the reversed
sequence to acquire the intermediate back-side output data
signal; the frequency multiplication processing unit carries
out a frequency doubling operation on the intermediate
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front-side output data signal and the intermediate back-side
output data signal to obtain the front-side output data signal
and the back-side output data signal, respectively;

[0034] the control signal generator unit generates the first,
second, third, fourth, and fifth control signals and the source
driving control signal.

[0035] The present invention further provides a transpar-
ent dual-sided display device, which comprises a display
panel, a source driver electrically connected to the display
panel, a timing controller electrically connected to both the
source driver and the display panel, and a voltage controller
electrically connected to both the timing controller and the
source driver;

[0036] wherein the display panel comprises a transparent
substrate, a plurality of sub-pixel groups arranged in an array
on the transparent substrate, and a plurality of multiplexer
modules respectively corresponding to a plurality columns
of the sub-pixel groups; the source driver comprises a
plurality of output terminals respectively corresponding to
the plurality of rows of sub-pixel groups; each of the
sub-pixel groups comprises a front-side organic light emit-
ting display (OLED) sub-pixel and a back-side OLED
sub-pixel that are respectively arranged on two opposite
sides of the transparent substrate and an electrowetting
sub-pixel arranged on one of the sides of the transparent
substrate; each of the multiplexer modules comprises a first
thin-film transistor, a second thin-film transistor, and a third
thin-film transistor, the first thin-film transistor having a gate
electrode input with a first control signal, a drain electrode
electrically connected to all the front-side OLED sub-pixels
of the sub-pixel groups of one of the columns corresponding
thereto, and a source electrode electrically connected to one
of the output terminals of the source driver corresponding
thereto, the second thin-film transistor having a gate elec-
trode input with a second control signal, a drain electrode
electrically connected to all the back-side OLED sub-pixels
of the sub-pixel groups of the one of the columns corre-
sponding thereto, and a source electrode electrically con-
nected to the one of the output terminals of the source driver
corresponding thereto, the third thin-film transistor having a
gate electrode input with a third control signal, a drain
electrode electrically connected to all the electrowetting
sub-pixel of the sub-pixel groups of the one of the columns
corresponding thereto, and a source electrode electrically
connected to the one of the output terminals of the source
driver corresponding thereto;

[0037] wherein the voltage controller comprises a fourth
thin-film transistor and a fifth thin-film transistor, the fourth
thin-film transistor having a gate electrode input with a
fourth control signal, a source electrode input with a second
voltage, and a drain electrode electrically connected to a
drain electrode of the fifth thin-film transistor and outputting
a reference voltage to the source driver, the fifth thin-film
transistor having a gate electrode input with a fifth control
signal and a source electrode input with a first voltage; the
first voltage is greater than the second voltage; each of the
electrowetting sub-pixels is transparent upon application of
the first voltage and blocks light upon application of the
second voltage;

[0038] wherein the timing controller is operable to receive
an input data signal and generating and supplying a front-
side output data signal and a back-side output data signal to
the source driver, outputting the first, second, and third
control signals to control the first, second, and third thin-film
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transistors to conduct on or cut off, outputting the fourth and
fifth control signals to control a voltage value of the refer-
ence voltage output from the voltage controller, and output-
ting a source driving control signal to the source driver to
control the source driver to output the front-side output data
signal, the back-side output data signal, or the reference
voltage;

[0039] wherein the transparent dual-sided display device
comprises a non-transparent dual-sided display mode and a
transparent dual-sided display mode;

[0040] wherein when the transparent dual-sided display
device is in the non-transparent dual-sided display mode, the
timing controller outputs the fourth and fifth control signals
to control the fourth thin-film transistor to conduct on and
the fifth thin-film transistor cut off and meanwhile, the
timing controller outputs the first, second, and third control
signals to conduct on the third thin-film transistor, the first
thin-film transistor, and the second thin-film transistor in
order and outputs the front-side output data signal, the
back-side output data signal and the source driving control
signal to the source driver to make the source driver apply
the reference voltage to the electrowetting sub-pixel when
the third thin-film transistor is conducting on, output the
front-side output data signal to the front-side OLED sub-
pixel when the first thin-film transistor is conducting on, and
output the back-side output data signal to the back-side
OLED sub-pixel when the second thin-film transistor is
conducting on; and

[0041] when the transparent dual-sided display device is in
the transparent dual-sided display mode, the timing control-
ler outputs the fourth and fifth control signals to control the
fourth thin-film transistor to cut off and the fifth thin-film
transistor conducting on and meanwhile, the timing control-
ler outputs the first, second, and third control signals to
conduct on the third thin-film transistor, the first thin-film
transistor, and the second thin-film transistor in order and
outputs the front-side output data signal, the back-side
output data signal and the source driving control signal to the
source driver to make the source driver apply the reference
voltage to the electrowetting sub-pixel when the third thin-
film transistor is conducting on, output the front-side output
data signal to the front-side OLED sub-pixel when the first
thin-film transistor is conducting on, and output the back-
side output data signal to the back-side OLED sub-pixel
when the second thin-film transistor is conducting on;
[0042] wherein when the transparent dual-sided display
device is in the non-transparent dual-sided display mode or
the transparent dual-sided display mode, the timing control-
ler reads parts of the input data signal that correspond to
each of the columns of the sub-pixel groups in a forward
sequence in order to acquire an intermediate front-side
output data signal and reads parts of the input data signal that
correspond to each of the columns of the sub-pixel groups in
a reversed sequence in order to acquire an intermediate
back-side output data signal and then, proceeds with fre-
quency doubling of the intermediate front-side output data
signal and the intermediate back-side output data signal to
thereby obtain, and also feed, the front-side output data
signal and the back-side output data signal to the source
driver;

[0043] wherein the second voltage is a common voltage;
and
[0044] the transparent dual-sided display device further

comprises a voltage generator module electrically connected
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to the source driver and the voltage controller and the
voltage generator module is operable to supply an operation
voltage to the source driver and supplying the first voltage
and the common voltage to the voltage controller; and

[0045] wherein the timing controller comprises a data
handling unit, a frequency multiplication processing unit
electrically connected to the data handling unit, and a control
signal generator unit;

[0046] the data handling unit is operable for reading the
parts of the input data signal that correspond to each of the
columns of the sub-pixel groups in the forward sequence to
acquire the intermediate front-side output data signal and
reading the parts of the input data signal that correspond to
each of the columns of the sub-pixel groups in the reversed
sequence to acquire the intermediate back-side output data
signal;

[0047] the frequency multiplication processing unit is
operable to carry out a frequency doubling operation on the
intermediate front-side output data signal and the interme-
diate back-side output data signal to obtain the front-side
output data signal and the back-side output data signal,
respectively; and

[0048] the control signal generator unit is operable to
generate the first, second, third, fourth, and fifth control
signals and the source driving control signal.

[0049] The efficacy of the present invention is that the
present invention provides a transparent dual-sided display
device. The transparent dual-sided display device comprises
a display panel comprising a plurality of sub-pixel groups
that each include a front-side OLED sub-pixel, a back-side
OLED sub-pixel, and an electrowetting sub-pixel and a
plurality of multiplexer modules that each include three
thin-film transistors and a timing controller is involved to
control a multiplexer module and a source driver, wherein
the source driver writes the front-side and back-side output
data signals to the front-side OLED sub-pixel and the
back-side OLED sub-pixel respectively and applies a refer-
ence voltage to the electrowetting sub-pixel, such that con-
trolling can be, through the timing controller, a voltage
controller to output a voltage value of the reference voltage
to the source driver to control transparency or light-blocking
of the electrowetting sub-pixel for simultaneously fulfilling
transparent displaying and dual-sided displaying. The pres-
ent invention provides a driving method of the transparent
dual-sided display device, which allows for simultaneously
fulfilling transparent displaying and dual-sided displaying.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] For better understanding of the features and tech-
nical contents of the present invention, reference will be
made to the following detailed description of the present
invention and the attached drawings. However, the drawings
are provided only for reference and illustration and are not
intended to limit the present invention.

[0051]
[0052] FIG. 1 is a schematic view illustrating a pixel
structure of a known transparent display device;

[0053] FIG. 2 is a schematic view illustrating a structure
of a known dual-sided display device;

[0054] FIG. 3 is a schematic view illustrating a structure
of a transparent dual-sided display device according to the
present invention;

In the drawings:
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[0055] FIG. 4 is a block diagram of a timing controller of
the transparent dual-sided display device according to the
present invention;

[0056] FIG. 5 is a flow chart illustrating a driving method
of the transparent dual-sided display device according to the
present invention; and

[0057] FIG. 6 is a timing diagram of the driving method of
the transparent dual-sided display device according to the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0058] To further expound the technical solution adopted
in the present invention and the advantages thereof, a
detailed description will be given with reference to the
preferred embodiments of the present invention and the
drawings thereof.

[0059] Referring to FIGS. 3 and 4, in combination with
FIG. 6, the present invention provides a transparent dual-
sided display device, which comprises a display panel 100,
a source driver 200 electrically connected to the display
panel 100, a timing controller 300 electrically connected to
both the source driver 200 and the display panel 100, and a
voltage controller 400 electrically connected to both the
timing controller 300 and the source driver 200.

[0060] The display panel 100 comprises a transparent
substrate 110, a plurality of sub-pixel groups 120 arranged
in an array on the transparent substrate 110, and a plurality
of multiplexer modules 130 respectively corresponding to a
plurality columns of the sub-pixel groups 120. The source
driver 200 comprises a plurality of output terminals respec-
tively corresponding to the plurality of rows of sub-pixel
groups 120. Each of the sub-pixel groups 120 comprises a
front-side OLED sub-pixel 121 and a back-side organic light
emitting display (OLED) sub-pixel 122 that are respectively
arranged on two opposite sides of the transparent substrate
110 and an electrowetting sub-pixel 123 arranged on one of
the sides of the transparent substrate 110. Each of the
multiplexer modules 130 comprises a first thin-film transis-
tor T1, a second thin-film transistor T2, and a third thin-film
transistor T3. The first thin-film transistor T1 has a gate
electrode input with a first control signal Ctrll, a drain
electrode electrically connected to all the front-side OLED
sub-pixels 121 of the sub-pixel groups 120 of one of the
columns corresponding thereto, and a source electrode elec-
trically connected to one of the output terminals of the
source driver 200 corresponding thereto. The second thin-
film transistor T2 has a gate electrode input with a second
control signal Ctrl2, a drain electrode electrically connected
to all the back-side OLED sub-pixels 122 of the sub-pixel
groups 120 of the one of the columns corresponding thereto,
and a source electrode electrically connected to the one of
the output terminals of the source driver 200 corresponding
thereto. The third thin-film transistor T3 has a gate electrode
input with a third control signal Cirl3, a drain electrode
electrically connected to all the electrowetting sub-pixel 123
of the sub-pixel groups 120 of the one of the columns
corresponding thereto, and a source electrode electrically
connected to the one of the output terminals of the source
driver 200 corresponding thereto.

[0061] The voltage controller 400 comprises a fourth
thin-film transistor T4 and a fifth thin-film transistor T5. The
fourth thin-film transistor T4 has a gate electrode input with
a fourth control signal Ctrl4, a source electrode input with a
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second voltage, and a drain electrode electrically connected
to a drain electrode of the fifth thin-film transistor TS and
outputting a reference voltage Vref to the source driver 200.
The fifth thin-film transistor T5 has a gate electrode input
with a fifth control signal Ctrl5 and a source electrode input
with a first voltage V1. The first voltage V1 is greater than
the second voltage. Each of the electrowetting sub-pixels
123 is transparent upon application of the first voltage V1
and blocks light upon application of the second voltage.
[0062] The timing controller 300 functions to receive an
input data signal and generating and supplying a front-side
output data signal and a back-side output data signal to the
source driver 200, outputting the first, second, and third
control signals Ctrl1, Ctrl2, Ctrl3 to control the first, second,
and third thin-film transistors T1, T2, T3 to conduct on or cut
off, outputting the fourth and fifth control signals Ctrl4,
Ctrl5 to control a voltage value of the reference voltage Vref
output from the voltage controller 400, and outputting a
source driving control signal to the source driver 200 to
control the source driver 200 to output the front-side output
data signal, the back-side output data signal, or the reference
voltage Vref.

[0063] Specifically, the second voltage is a common volt-
age Vcom.
[0064] Specifically, the transparent dual-sided display

device further comprises a voltage generator module 500
electrically connected to the source driver 200 and the
voltage controller 400. The voltage generator module 500 is
operable to supply an operation voltage to the source driver
200 and supplying the first voltage V1 and the common
voltage Veom to the voltage controller 400.

[0065] Specifically, referring to FIG. 6, the transparent
dual-sided display device has a non-transparent dual-sided
display mode and a transparent dual-sided display mode.
[0066] When the transparent dual-sided display device is
in the non-transparent dual-sided display mode, the timing
controller 300 outputs the fourth control signal Ctrl4 at a
high level and the fifth control signal Ctrl5 at a low level to
make the fourth thin-film transistor T4 conducting on and
the fifth thin-film transistor TS cut off and under this
condition, the reference voltage Vref supplied from the
voltage controller 400 to the source driver 200 is the
common voltage Vcom and meanwhile, the timing control-
ler 300 outputs the first, second, and third control signals
Ctrl1, Ctrl2, Ctrl3, and the first, second, and third control
signals Ctrl1, Ctrl2, Ctrl3 each comprise a high level pulse,
wherein the high level pulse of the third control signal Ctrl3
is earlier than the high level pulse of the first control signal
Ctrl1 and the high level pulse of the first control signal Ctrll
is earlier than the high level pulse of the second control
signal Ctr]2 so as to conduct on the third thin-film transistor
T3, the first thin-film transistor T1, and the second thin-film
transistor T2 in order; and further, the timing controller 300
converts the input data signal input thereto into the front-
side output data signal and the back-side output data signal
to be output to the source driver 200 and also outputs a
source driving control signal to the source driver 200 to
make the source driver 200 apply the reference voltage Vref
to the electrowetting sub-pixel 123 when the third thin-film
transistor T3 is conducting on, output the front-side output
data signal to the front-side OLED sub-pixel 121 when the
first thin-film transistor T1 is conducting on, and output the
back-side output data signal to the back-side OLED sub-
pixel 12 when the second thin-film transistor T2 is conduct-
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ing on. Since under this condition, the reference voltage Vref
is the common voltage Vcom, the electrowetting sub-pixel
123 is in a light-blocking state and the front-side OLED
sub-pixel 121 and the back-side OLED sub-pixel 122 are
respectively driven by the front-side output data signal and
the back-side output data signal so that the transparent
dual-sided display device carries out non-transparent dual-
sided displaying.

[0067] When the transparent dual-sided display device in
the transparent dual-sided display mode, the timing control-
ler 300 outputs the fourth control signal Ctrl4 at a low level
and the fifth control signal Ctrl5 at a high level to make the
fourth thin-film transistor T4 cut off and the fifth thin-film
transistor T5 conducting on and under this condition, the
reference voltage Vref supplied from the voltage controller
400 to the source driver 200 is the first voltage V1 and
meanwhile, the timing controller 300 outputs the first,
second, and third control signals Ctrll, Ctrl2, Ctrl3, and the
first, second, and third control signals Ctrll, Ctrl2, Ctrl3
each comprise a high level pulse, wherein the high level
pulse of the third control signal Ctrl3 is earlier than the high
level pulse of the first control signal Ctrl1 and the high level
pulse of the first control signal Ctrll is earlier than the high
level pulse of the second control signal Ctrl2 so as to
conduct on the third thin-film transistor T3, the first thin-film
transistor T1, and the second thin-film transistor T2 in order;
and further, the timing controller 300 converts the input data
signal input thereto into the front-side output data signal and
the back-side output data signal to be output to the source
driver 200 and also outputs a source driving control signal
to the source driver 200 to make the source driver 200 apply
the reference voltage Vref to the electrowetting sub-pixel
123 when the third thin-film transistor T3 is conducting on,
output the front-side output data signal to the front-side
OLED sub-pixel 121 when the first thin-film transistor T1 is
conducting on, and output the back-side output data signal
to the back-side OLED sub-pixel 12 when the second
thin-film transistor T2 is conducting on. Since under this
condition, the reference voltage Vref'is the first voltage V1,
the electrowetting sub-pixel 123 is in a transparent state and
the front-side OLED sub-pixel 121 and the back-side OLED
sub-pixel 122 are respectively driven by the front-side
output data signal and the back-side output data signal so
that the transparent dual-sided display device carries out
transparent dual-sided displaying.

[0068] Specifically, when the transparent dual-sided dis-
play device is in the non-transparent dual-sided display
mode or the transparent dual-sided display mode, the timing
controller 300 reads parts of the input data signal that
correspond to each of the columns of the sub-pixel groups
120 in a forward sequence in order to acquire an interme-
diate front-side output data signal and reads parts of the
input data signal that correspond to each of the columns of
the sub-pixel groups 120 in a reversed sequence in order to
acquire an intermediate back-side output data signal and
then, proceeds with frequency doubling of the intermediate
front-side output data signal and the intermediate back-side
output data signal to thereby obtain, and also feed, the
front-side output data signal and the back-side output data
signal to the source driver 200.

[0069] Further, referring to FIG. 4, the timing controller
300 comprises a data handling unit 310, a frequency mul-
tiplication processing unit 320 electrically connected to the
data handling unit 310, and a control signal generator umt
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330. The data handling unit 310 is operable for reading the
parts of the input data signal that correspond to each of the
columns of the sub-pixel groups 120 in the forward
sequence to acquire the intermediate front-side output data
signal and reading the parts of the input data signal that
correspond to each of the columns of the sub-pixel groups
120 in the reversed sequence to acquire the intermediate
back-side output data signal. The frequency multiplication
processing unit 320 is operable to carry out a frequency
doubling operation on the intermediate front-side output
data signal and the intermediate back-side output data signal
to obtain the front-side output data signal and the back-side
output data signal, respectively. The control signal generator
unit 330 is operable to generate the first, second, third,
fourth, and fifth control signals Ctrll, Ctrl2, Ctrl3, Ctrld,
Ctrl5 and the source driving control signal.

[0070] It is noted that the transparent dual-sided display
device of the present invention, which includes a display
panel 100 comprising a plurality of sub-pixel groups 120
that each include a front-side OLED sub-pixel 121, a back-
side OLED sub-pixel 122, and an electrowetting sub-pixel
123 and a plurality of multiplexer modules 130 that each
include three thin-film transistors, such that the OLED
sub-pixels and the electrowetting sub-pixels can be all
manufactured with a printing process so that the manufac-
turing of the transparent dual-sided display device of the
present invention is made easy and in addition, the present
invention involves a timing controller 300 to control the
multiplexer modules 130 and the source driver 200 such that
the source driver 200 writes the front-side and the back-side
output data signals to the front-side OLED sub-pixel 121
and the back-side OLED sub-pixel 122 respectively and
apply the reference voltage Vref to the electrowetting sub-
pixel 123 to thereby effectively reduces the number of output
terminals of the source driver 200, while using the timing
controller 300 to control the voltage controller 400 for
outputting the voltage value of the reference voltage Vref to
the source driver 200 to realize controlling transparency or
light-blocking of the electrowetting sub-pixel 123 for simul-
taneously fulfilling transparent displaying and dual-sided
displaying.

[0071] Referring to FIG. 5, based on the same inventive
idea, the present invention also provides a driving method of
a transparent dual-sided display device, which comprises the
following steps:

[0072] Step S1: referring to FIG. 3, providing a transpar-
ent dual-sided display device, wherein the transparent dual-
sided display device comprises a display panel 100, a source
driver 200 electrically connected to the display panel 100, a
timing controller 300 electrically connected to both the
source driver 200 and the display panel 100, and a voltage
controller 400 electrically connected to both the timing
controller 300 and the source driver 200.

[0073] The display panel 100 comprises a transparent
substrate 110, a plurality of sub-pixel groups 120 arranged
in an array on the transparent substrate 110, and a plurality
of multiplexer modules 130 respectively corresponding to a
plurality columns of the sub-pixel groups 120. The source
driver 200 comprises a plurality of output terminals respec-
tively corresponding to the plurality of rows of sub-pixel
groups 120. Each of the sub-pixel groups 120 comprises a
front-side OLED sub-pixel 121 and a back-side OLED
sub-pixel 122 that are respectively arranged on two opposite
sides of the transparent substrate 110 and an electrowetting
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sub-pixel 123 arranged on one of the sides of the transparent
substrate 110. Each of the multiplexer modules 130 com-
prises a first thin-film transistor T1, a second thin-film
transistor T2, and a third thin-film transistor T3. The first
thin-film transistor T1 has a gate electrode input with a first
control signal Ctrll, a drain electrode electrically connected
to all the front-side OLED sub-pixels 121 of the sub-pixel
groups 120 of one of the columns corresponding thereto, and
a source electrode electrically connected to one of the output
terminals of the source driver 200 corresponding thereto.
The second thin-film transistor T2 has a gate electrode input
with a second control signal Ctrl2, a drain electrode elec-
trically connected to all the back-side OLED sub-pixels 122
of the sub-pixel groups 120 of the one of the columns
corresponding thereto, and a source electrode electrically
connected to the one of the output terminals of the source
driver 200 corresponding thereto. The third thin-film tran-
sistor T3 has a gate electrode input with a third control signal
Ctr13, a drain electrode electrically connected to all the
electrowetting sub-pixel 123 of the sub-pixel groups 120 of
the one of the columns corresponding thereto, and a source
electrode electrically connected to the one of the output
terminals of the source driver 200 corresponding thereto.
[0074] The voltage controller 400 comprises a fourth
thin-film transistor T4 and a fifth thin-film transistor T5. The
fourth thin-film transistor T4 has a gate electrode input with
a fourth control signal Ctrl4, a source electrode input with a
second voltage, and a drain electrode electrically connected
to a drain electrode of the fifth thin-film transistor TS and
outputting a reference voltage Vref to the source driver 200.
The fifth thin-film transistor T5 has a gate electrode input
with a fifth control signal Ctrl5 and a source electrode input
with a first voltage V1. The first voltage V1 is greater than
the second voltage. Each of the electrowetting sub-pixels
123 is transparent upon application of the first voltage V1
and blocks light upon application of the second voltage.
[0075] The first, second, third, fourth, and fifth control
signals Ctrll, Ctrl2, Ctrl3, Ctrld, Ctrl5 are supplied from the
timing controller 200.

[0076] Specifically, the second voltage is a common volt-
age Veom.
[0077] Specifically, the transparent dual-sided display

device further comprises a voltage generator module 500
electrically connected to the source driver 200 and the
voltage controller 400. The voltage generator module 500 is
operable to supply an operation voltage to the source driver
200 and supplies the first voltage V1 and the common
voltage Vcom to the voltage controller 400.

[0078] Step S2: referring to FIG. 6, entering a non-
transparent dual-sided display mode,

[0079] wherein timing controller 300 outputs the fourth
control signal Ctrl4 at a high level and the fifth control signal
Ctrl5 at a low level to make the fourth thin-film transistor T4
conducting on and the fifth thin-film transistor T5 cut off and
under this condition, the reference voltage Vref supplied
from the voltage controller 400 to the source driver 200 is
the common voltage Vcom and meanwhile, the timing
controller 300 outputs the first, second, and third control
signals Ctrll, Ctrl2, Ctrl3, and the first, second, and third
control signals Ctrl1, Ctrl2, Ctrl3 each comprise a high level
pulse, wherein the high level pulse of the third control signal
Ctrl3 is earlier than the high level pulse of the first control
signal Ctrll and the high level pulse of the first control signal
Ctrl1 1s earlier than the high level pulse of the second control
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signal Ctrl2 so as to conduct on the third thin-film transistor
T3, the first thin-film transistor T1, and the second thin-film
transistor T2 in order; and further, the timing controller 300
converts the input data signal input thereto into the front-
side output data signal and the back-side output data signal
to be output to the source driver 200 and also outputs a
source driving control signal to the source driver 200 to
make the source driver 200 apply the reference voltage Vref
to the electrowetting sub-pixel 123 when the third thin-film
transistor T3 is conducting on, output the front-side output
data signal to the front-side OLED sub-pixel 121 when the
first thin-film transistor T1 is conducting on, and output the
back-side output data signal to the back-side OLED sub-
pixel 12 when the second thin-film transistor T2 is conduct-
ing on. Since under this condition, the reference voltage Vref
is the common voltage Vcom, the electrowetting sub-pixel
123 is in a light-blocking state and the front-side OLED
sub-pixel 121 and the back-side OLED sub-pixel 122 are
respectively driven by the front-side output data signal and
the back-side output data signal so that the transparent
dual-sided display device carries out non-transparent dual-
sided displaying.

[0080] Step S3: referring to FIG. 6, entering the transpar-
ent dual-sided display mode,

[0081] wherein the timing controller 300 outputs the
fourth control signal Ctrl4 at a low level and the fifth control
signal Ctrl5 at a high level to make the fourth thin-film
transistor T4 cut off and the fifth thin-film transistor T5
conducting on and under this condition, the reference volt-
age Vref supplied from the voltage controller 400 to the
source driver 200 is the first voltage V1 and meanwhile, the
timing controller 300 outputs the first, second, and third
control signals Ctrll, Ctrl2, Ctrl3, and the first, second, and
third control signals Ctrl1, Ctrl2, Ctrl3 each comprise a high
level pulse, wherein the high level pulse of the third control
signal Ctrl3 is earlier than the high level pulse of the first
control signal Ctrll and the high level pulse of the first
control signal Ctrll is earlier than the high level pulse of the
second control signal Ctrl2 so as to conduct on the third
thin-film transistor T3, the first thin-film transistor T1, and
the second thin-film transistor T2 in order; and further, the
timing controller 300 converts the input data signal input
thereto into the front-side output data signal and the back-
side output data signal to be output to the source driver 200
and also outputs a source driving control signal to the source
driver 200 to make the source driver 200 apply the reference
voltage Vref to the electrowetting sub-pixel 123 when the
third thin-film transistor T3 is conducting on, output the
front-side output data signal to the front-side OLED sub-
pixel 121 when the first thin-film transistor T1 is conducting
on, and output the back-side output data signal to the
back-side OLED sub-pixel 12 when the second thin-film
transistor T2 is conducting on. Since under this condition,
the reference voltage Vref is the first voltage V1, the
electrowetting sub-pixel 123 is in a transparent state and the
front-side OLED sub-pixel 121 and the back-side OLED
sub-pixel 122 are respectively driven by the front-side
output data signal and the back-side output data signal so
that the transparent dual-sided display device carries out
transparent dual-sided displaying.

[0082] Specifically, in Steps S2 and S3, the timing con-
troller 300 reads parts of the input data signal that corre-
spond to each of the columns of the sub-pixel groups 120 in
a forward sequence in order to acquire intermediate front-
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side output data signal and reads parts of the input data
signal that correspond to each of the columns of the sub-
pixel groups 120 in a reversed sequence in order to acquire
intermediate back-side output data signal and then, proceeds
with frequency doubling of the intermediate front-side out-
put data signal and the intermediate back-side output data
signal to thereby obtain, and also feed, the front-side output
data signal and the back-side output data signal to the source
driver 200.

[0083] Specifically, the timing controller 300 comprises a
data handling unit 310, a frequency multiplication process-
ing unit 320 electrically connected to the data handling umt
310, and a control signal generator unit 330.

[0084] Further, in Steps S2 and S3, the data handling unit
310 reads the parts of the input data signal that correspond
to each of the columns of the sub-pixel groups 120 in the
forward sequence to acquire the intermediate front-side
output data signal and reading the parts of the input data
signal that correspond each of the columns of the sub-pixel
groups 120 in the reversed sequence to acquire the interme-
diate back-side output data signal. The frequency multipli-
cation processing unit 320 carries out a frequency doubling
operation on the intermediate front-side output data signal
and the intermediate back-side output data signal to obtain
the front-side output data signal and the back-side output
data signal, respectively. The control signal generator unit
330 generates the first, second, third, fourth, and fifth control
signals Ctrll, Ctrl2, Ctrl3, Ctrl4, Ctrl5 and the source
driving control signal.

[0085] It is noted that the driving method of the transpar-
ent dual-sided display device of the present invention is such
that the transparent dual-sided display device so provided
comprises a display panel 100 comprising a plurality of
sub-pixel groups 120 that each include a front-side OLED
sub-pixel 121, a back-side OLED sub-pixel 122, and an
electrowetting sub-pixel 123 and a plurality of multiplexer
modules 130 that each include three thin-film transistors,
such that the OLED sub-pixels and the electrowetting sub-
pixels can be all manufactured with a printing process so that
the manufacturing of the transparent dual-sided display
device is made easy and in addition, the present invention
involves a timing controller 300 to control the multiplexer
modules 130 and the source driver 200 such that the source
driver 200 writes the front-side and the back-side output data
signals to the front-side OLED sub-pixel 121 and the
back-side OLED sub-pixel 122 respectively and apply the
reference voltage Vref'to the electrowetting sub-pixel 123 to
thereby effectively reduces the number of output terminals
of the source driver 200, while using the timing controller
300 to control the voltage controller 400 for outputting the
voltage value of the reference voltage Vref to the source
driver 200 to realize controlling transparency or light-
blocking of the electrowetting sub-pixel 123 for simultane-
ously fulfilling transparent displaying and dual-sided dis-
playing.

[0086] In summary, the present invention provides a trans-
parent dual-sided display device. The transparent dual-sided
display device comprises a display panel comprising a
plurality of sub-pixel groups that each include a front-side
OLED sub-pixel, a back-side OLED sub-pixel, and an
electrowetting sub-pixel and a plurality of multiplexer mod-
ules that each include three thin-film transistors and a timing
controller is involved to control a multiplexer module and a
source driver, wherein the source driver writes the front-side
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and back-side output data signals to the front-side OLED
sub-pixel and the back-side OLED sub-pixel respectively
and applies a reference voltage to the electrowetting sub-
pixel, such that controlling can be, through the timing
controller, a voltage controller to output a voltage value of
the reference voltage to the source driver to control trans-
parency or light-blocking of the electrowetting sub-pixel for
simultaneously fulfilling transparent displaying and dual-
sided displaying. The present invention provides a driving
method of the transparent dual-sided display device, which
allows for simultaneously fulfilling transparent displaying
and dual-sided displaying.

[0087] Based on the description given above, those having
ordinary skills in the art may easily contemplate various
changes and modifications of the technical solution and the
technical ideas of the present invention. All these changes
and modifications are considered belonging to the protection
scope of the present invention as defined in the appended
claims.

What is claimed is:

1. A transparent dual-sided display device, comprising a
display panel, a source driver electrically connected to the
display panel, a timing controller electrically connected to
both the source driver and the display panel, and a voltage
controller electrically connected to both the timing control-
ler and the source driver;

wherein the display panel comprises a transparent sub-

strate, a plurality of sub-pixel groups arranged in an
array on the transparent substrate, and a plurality of
multiplexer modules respectively corresponding to a
plurality columns of the sub-pixel groups; the source
driver comprises a plurality of output terminals respec-
tively corresponding to the plurality of rows of sub-
pixel groups; each of the sub-pixel groups comprises a
front-side organic light emitting display (OLED) sub-
pixel and a back-side OLED sub-pixel that are respec-
tively arranged on two opposite sides of the transparent
substrate and an electrowetting sub-pixel arranged on
one of the sides of the transparent substrate; each of the
multiplexer modules comprises a first thin-film transis-
tor, a second thin-film transistor, and a third thin-film
transistor, the first thin-film transistor having a gate
electrode input with a first control signal, a drain
electrode electrically connected to all the front-side
OLED sub-pixels of the sub-pixel groups of one of the
columns corresponding thereto, and a source electrode
electrically connected to one of the output terminals of
the source driver corresponding thereto, the second
thin-film transistor having a gate electrode input with a
second control signal, a drain electrode electrically
connected to all the back-side OLED sub-pixels of the
sub-pixel groups of the one of the columns correspond-
ing thereto, and a source electrode electrically con-
nected to the one of the output terminals of the source
driver corresponding thereto, the third thin-film tran-
sistor having a gate electrode input with a third control
signal, a drain electrode electrically connected to all the
electrowetting sub-pixel of the sub-pixel groups of the
one of the columns corresponding thereto, and a source
electrode electrically connected to the one of the output
terminals of the source driver corresponding thereto;
wherein the voltage controller comprises a fourth thin-
film transistor and a fifth thin-film transistor, the fourth
thin-film transistor having a gate electrode input with a
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fourth control signal, a source electrode input with a
second voltage, and a drain electrode electrically con-
nected to a drain electrode of the fifth thin-film tran-
sistor and outputting a reference voltage to the source
driver, the fifth thin-film transistor having a gate elec-
trode input with a fifth control signal and a source
electrode input with a first voltage; the first voltage is
greater than the second voltage; each of the electrowet-
ting sub-pixels is transparent upon application of the
first voltage and blocks light upon application of the
second voltage; and

wherein the timing controller is operable to receive an
input data signal and generating and supplying a front-
side output data signal and a back-side output data
signal to the source driver, outputting the first, second,
and third control signals to control the first, second, and
third thin-film transistors to conduct on or cut off,
outputting the fourth and fifth control signals to control
a voltage value of the reference voltage output from the
voltage controller, and outputting a source driving
control signal to the source driver to control the source
driver to output the front-side output data signal, the
back-side output data signal, or the reference voltage.

2. The transparent dual-sided display device according to
claim 1, wherein the transparent dual-sided display device
comprises a non-transparent dual-sided display mode and a
transparent dual-sided display mode;

wherein when the transparent dual-sided display device is
in the non-transparent dual-sided display mode, the
timing controller outputs the fourth and fifth control
signals to control the fourth thin-film transistor to
conduct on and the fifth thin-film transistor cut off and
meanwhile, the timing controller outputs the first, sec-
ond, and third control signals to conduct on the third
thin-film transistor, the first thin-film transistor, and the
second thin-film transistor in order and outputs the
front-side output data signal, the back-side output data
signal and the source driving control signal to the
source driver to make the source driver apply the
reference voltage to the electrowetting sub-pixel when
the third thin-film transistor is conducting on, output
the front-side output data signal to the front-side OLED
sub-pixel when the first thin-film transistor is conduct-
ing on, and output the back-side output data signal to
the back-side OLED sub-pixel when the second thin-
film transistor is conducting on; and

when the transparent dual-sided display device is in the
transparent dual-sided display mode, the timing con-
troller outputs the fourth and fifth control signals to
control the fourth thin-film transistor to cut off and the
fifth thin-film transistor conducting on and meanwhile,
the timing controller outputs the first, second, and third
control signals to conduct on the third thin-film tran-
sistor, the first thin-film transistor, and the second
thin-film transistor in order and outputs the front-side
output data signal, the back-side output data signal and
the source driving control signal to the source driver to
make the source driver apply the reference voltage to
the electrowetting sub-pixel when the third thin-film
transistor is conducting on, output the front-side output
data signal to the front-side OLED sub-pixel when the
first thin-film transistor is conducting on, and output the
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back-side output data signal to the back-side OLED
sub-pixel when the second thin-film transistor is con-
ducting on.

3. The transparent dual-sided display device according to
claim 2, wherein when the transparent dual-sided display
device is in the non-transparent dual-sided display mode or
the transparent dual-sided display mode, the timing control-
ler reads parts of the input data signal that correspond to
each of the columns of the sub-pixel groups in a forward
sequence in order to acquire an intermediate front-side
output data signal and reads parts of the input data signal that
correspond to each of the columns of the sub-pixel groups in
a reversed sequence in order to acquire an intermediate
back-side output data signal and then, proceeds with fre-
quency doubling of the intermediate front-side output data
signal and the intermediate back-side output data signal to
thereby obtain, and also feed, the front-side output data
signal and the back-side output data signal to the source
driver.

4. The transparent dual-sided display device according to
claim 1, wherein the second voltage is a common voltage;
and

the transparent dual-sided display device further com-

prises a voltage generator module electrically con-
nected to the source driver and the voltage controller
and the voltage generator module is operable to supply
an operation voltage to the source driver and supplying
the first voltage and the common voltage to the voltage
controller.

5. The transparent dual-sided display device according to
claim 3, wherein the timing controller comprises a data
handling unit, a frequency multiplication processing unit
electrically connected to the data handling unit, and a control
signal generator unit;

the data handling unit is operable for reading the parts of

the input data signal that correspond to each of the
columns of the sub-pixel groups in the forward
sequence to acquire the intermediate front-side output
data signal and reading the parts of the input data signal
that correspond to each of the columns of the sub-pixel
groups in the reversed sequence to acquire the inter-
mediate back-side output data signal,

the frequency multiplication processing unit is operable to

carry out a frequency doubling operation on the inter-
mediate front-side output data signal and the interme-
diate back-side output data signal to obtain the front-
side output data signal and the back-side output data
signal, respectively; and

the control signal generator unit is operable to generate

the first, second, third, fourth, and fifth control signals
and the source driving control signal.

6. A driving method of a transparent dual-sided display
device, comprising the following steps:

Step S1: providing a transparent dual-sided display device

according to claim 1;

Step S2: entering a non-transparent dual-sided display

mode,

wherein the timing controller is input with the input data

signal and outputs the fourth and fifth control signals to
control the fourth thin-film transistor to conduct on and
the fifth thin-film transistor cut off, and meanwhile, the
timing controller outputs the first, second, and third
control signals to conduct on the third thin-film tran-
sistor, the first thin-film transistor, and the second
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thin-film transistor in order and outputs the front-side
output data signal, the back-side output data signal, and
the source driving control signal to the source driver to
allow the source driver to apply the reference voltage to
the electrowetting sub-pixel when the third thin-film
transistor is conducting on, output the front-side output
data signal to the front-side OLED sub-pixel when the
first thin-film transistor is conducting on, and output the
back-side output data signal to the back-side OLED
sub-pixel when the second thin-film transistor is con-
ducting on; and

Step S3: entering a transparent dual-sided display mode,

wherein the timing controller is input with the input data

signal and outputs the fourth and fifth control signals to
control the fourth thin-film transistor to cut off and the
fifth thin-film transistor conducting one, and mean-
while, the timing controller outputs the first, second,
and third control signals to conduct on the third thin-
film transistor, the first thin-film transistor, the second
thin-film transistor in order and outputs the front-side
output data signal, the back-side output data signal, and
the source driving control signal to the source driver to
allow the source driver to apply the reference voltage to
the electrowetting sub-pixel when the third thin-film
transistor is conducting on, output the front-side output
data signal to the front-side OLED sub-pixel when the
first thin-film transistor is conducting on, and output the
back-side output data signal to the back-side OLED
sub-pixel when the second thin-film transistor is con-
ducting on.

7. The driving method of the transparent dual-sided
display device according to claim 6, wherein in Steps S2 and
S3, the timing controller reads parts of the input data signal
that correspond to each of the columns of the sub-pixel
groups in a forward sequence in order to acquire interme-
diate front-side output data signal and reads parts of the
input data signal that correspond to each of the columns of
the sub-pixel groups in a reversed sequence in order to
acquire intermediate back-side output data signal and then,
proceeds with frequency doubling of the intermediate front-
side output data signal and the intermediate back-side output
data signal to thereby obtain, and also feed, the front-side
output data signal and the back-side output data signal to the
source driver.

8. The driving method of the transparent dual-sided
display device according to claim 6, wherein the second
voltage is a common voltage; and

the transparent dual-sided display device further com-

prises a voltage generator module electrically con-
nected to the source driver and the voltage controller
and the voltage generator module is operable to supply
an operation voltage to the source driver and supplying
the first voltage and the common voltage to the voltage
controller.

9. The driving method of the transparent dual-sided
display device according to claim 7, wherein the timing
controller comprises a data handling unit, a frequency mul-
tiplication processing unit electrically connected to the data
handling unit, and a control signal generator unit; and

in Steps S2 and S3, the data handling unit reads the parts

of the input data signal that correspond to each of the
columns of the sub-pixel groups in the forward
sequence to acquire the intermediate front-side output
data signal and reading the parts of the input data signal
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that correspond each of the columns of the sub-pixel
groups in the reversed sequence to acquire the inter-
mediate back-side output data signal; the frequency
multiplication processing unit carries out a frequency
doubling operation on the intermediate front-side out-
put data signal and the intermediate back-side output
data signal to obtain the front-side output data signal
and the back-side output data signal, respectively; the
control signal generator unit generates the first, second,
third, fourth, and fifth control signals and the source
driving control signal.

10. A transparent dual-sided display device, comprising a
display panel, a source driver electrically connected to the
display panel, a timing controller electrically connected to
both the source driver and the display panel, and a voltage
controller electrically connected to both the timing control-
ler and the source driver;

wherein the display panel comprises a transparent sub-
strate, a plurality of sub-pixel groups arranged in an
array on the transparent substrate, and a plurality of
multiplexer modules respectively corresponding to a
plurality columns of the sub-pixel groups; the source
driver comprises a plurality of output terminals respec-
tively corresponding to the plurality of rows of sub-
pixel groups; each of the sub-pixel groups comprises a
front-side organic light emitting display (OLED) sub-
pixel and a back-side OLED sub-pixel that are respec-
tively arranged on two opposite sides of the transparent
substrate and an electrowetting sub-pixel arranged on
one of the sides of the transparent substrate; each of the
multiplexer modules comprises a first thin-film transis-
tor, a second thin-film transistor, and a third thin-film
transistor, the first thin-film transistor having a gate
electrode input with a first control signal, a drain
electrode electrically connected to all the front-side
OLED sub-pixels of the sub-pixel groups of one of the
columns corresponding thereto, and a source electrode
electrically connected to one of the output terminals of
the source driver corresponding thereto, the second
thin-film transistor having a gate electrode input with a
second control signal, a drain electrode electrically
connected to all the back-side OLED sub-pixels of the
sub-pixel groups of the one of the columns correspond-
ing thereto, and a source electrode electrically con-
nected to the one of the output terminals of the source
driver corresponding thereto, the third thin-film tran-
sistor having a gate electrode input with a third control
signal, a drain electrode electrically connected to all the
electrowetting sub-pixel of the sub-pixel groups of the
one of the columns corresponding thereto, and a source
electrode electrically connected to the one of the output
terminals of the source driver corresponding thereto;

wherein the voltage controller comprises a fourth thin-
film transistor and a fifth thin-film transistor, the fourth
thin-film transistor having a gate electrode input with a
fourth control signal, a source electrode input with a
second voltage, and a drain electrode electrically con-
nected to a drain electrode of the fifth thin-film tran-
sistor and outputting a reference voltage to the source
driver, the fifth thin-film transistor having a gate elec-
trode input with a fifth control signal and a source
electrode input with a first voltage; the first voltage is
greater than the second voltage; each of the electrowet-
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ting sub-pixels is transparent upon application of the
first voltage and blocks light upon application of the
second voltage;

wherein the timing controller is operable to receive an
input data signal and generating and supplying a front-
side output data signal and a back-side output data
signal to the source driver, outputting the first, second,
and third control signals to control the first, second, and
third thin-film transistors to conduct on or cut off,
outputting the fourth and fifth control signals to control
a voltage value of the reference voltage output from the
voltage controller, and outputting a source driving
control signal to the source driver to control the source
driver to output the front-side output data signal, the
back-side output data signal, or the reference voltage;

wherein the transparent dual-sided display device com-
prises a non-transparent dual-sided display mode and a
transparent dual-sided display mode;

wherein when the transparent dual-sided display device is
in the non-transparent dual-sided display mode, the
timing controller outputs the fourth and fifth control
signals to control the fourth thin-film transistor to
conduct on and the fifth thin-film transistor cut off and
meanwhile, the timing controller outputs the first, sec-
ond, and third control signals to conduct on the third
thin-film transistor, the first thin-film transistor, and the
second thin-film transistor in order and outputs the
front-side output data signal, the back-side output data
signal and the source driving control signal to the
source driver to make the source driver apply the
reference voltage to the electrowetting sub-pixel when
the third thin-film transistor is conducting on, output
the front-side output data signal to the front-side OLED
sub-pixel when the first thin-film transistor is conduct-
ing on, and output the back-side output data signal to
the back-side OLED sub-pixel when the second thin-
film transistor is conducting on; and

when the transparent dual-sided display device is in the
transparent dual-sided display mode, the timing con-
troller outputs the fourth and fifth control signals to
control the fourth thin-film transistor to cut off and the
fifth thin-film transistor conducting on and meanwhile,
the timing controller outputs the first, second, and third
control signals to conduct on the third thin-film tran-
sistor, the first thin-film transistor, and the second
thin-film transistor in order and outputs the front-side
output data signal, the back-side output data signal and
the source driving control signal to the source driver to
make the source driver apply the reference voltage to
the electrowetting sub-pixel when the third thin-film
transistor is conducting on, output the front-side output
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data signal to the front-side OLED sub-pixel when the
first thin-film transistor is conducting o, and output the
back-side output data signal to the back-side OLED
sub-pixel when the second thin-film transistor is con-
ducting on;

wherein when the transparent dual-sided display device is
in the non-transparent dual-sided display mode or the
transparent dual-sided display mode, the timing con-
troller reads parts of the input data signal that corre-
spond to each of the columns of the sub-pixel groups in
a forward sequence in order to acquire an intermediate
front-side output data signal and reads parts of the input
data signal that correspond to each of the columns of
the sub-pixel groups in a reversed sequence in order to
acquire an intermediate back-side output data signal
and then, proceeds with frequency doubling of the
intermediate front-side output data signal and the inter-
mediate back-side output data signal to thereby obtain,
and also feed, the front-side output data signal and the
back-side output data signal to the source driver;

wherein the second voltage is a common voltage; and

the transparent dual-sided display device further com-
prises a voltage generator module electrically con-
nected to the source driver and the voltage controller
and the voltage generator module is operable to supply
an operation voltage to the source driver and supplying
the first voltage and the common voltage to the voltage
controller; and

wherein the timing controller comprises a data handling
unit, a frequency multiplication processing unit elec-
trically connected to the data handling unit, and a
control signal generator unit;

the data handling unit is operable for reading the parts of
the input data signal that correspond to each of the
columns of the sub-pixel groups in the forward
sequence to acquire the intermediate front-side output
data signal and reading the parts of the input data signal
that correspond to each of the columns of the sub-pixel
groups in the reversed sequence to acquire the inter-
mediate back-side output data signal,

the frequency multiplication processing unit is operable to
carry out a frequency doubling operation on the inter-
mediate front-side output data signal and the interme-
diate back-side output data signal to obtain the front-
side output data signal and the back-side output data
signal, respectively; and

the control signal generator unit is operable to generate
the first, second, third, fourth, and fifth control signals
and the source driving control signal.
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