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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a display and
polarizer capable of photon-electric conversion, and par-
ticularly relates to a liquid crystal display and polarizer
with dye-sensitized solar cell.

BACKGROUND OF THE INVENTION

[0002] In recent years, solar cell is applied to many
devices for daily use and applied to accomplish environ-
mental protection requirement. The solar cell is applied
to be a renewable energy or an auxiliary energy, and
particularly to be used in many kinds of portable devices
(for example a notebook or a cell phone) or in devices
need large power (for example a display). Therefore, for
following the trend of environmental protection, many
kinds of display, for example liquid crystal display (LCD),
organic light emitting diode display (OLED), touch sen-
sitive display, etc., are developed to be a display with
solar cell provided as a renewable energy or an auxiliary
energy.
[0003] Presently, most of the display using solar ener-
gy as a renewable energy or an auxiliary energy is formed
by placing a solar cell module on a display directly. There-
fore, the thickness of such a display always increases
substantially. Referring to FIG. 1, a liquid crystal display
10 is shown to be an example. After an upper polarizer
12 and a lower polarizer 14 are adhered to the upper
surface and the lower surface of a liquid crystal panel 16,
respectively, an extra solar cell module 18 is added to
be fixed under the adhered liquid crystal panel 16. There-
fore, the thickness of the liquid crystal display 10 not only
includes the thicknesses of liquid crystal panel 16, upper
polarizer 12, and lower polarizer 14 but also includes the
thickness of the solar cell module 18. As a consequence
of this structure, the thickness of the display 10 is signif-
icantly larger than the conventional display excluding the
extra solar cell module 18 and can not meet the purpose
of thin device.
[0004] Therefore, there is a need to provide a display
capable of photon-electric

SUMMARY OF THE INVENTION

[0005] An objective of this invention is to provide a dis-
play capable of photon-electric conversion. Comparing
with the conventional display using solar cell module as
a renewable energy or an auxiliary energy, the thickness
of the display of this invention can be reduced and thinned
to form a slim-type display.
[0006] Another objective of this invention is to provide
a display capable of photon-electric conversion, wherein
a polarizer and a photon-electric conversion element are
integrated into one member. Therefore, the polarizer of
the display has both of the functions of photon-electric

conversion and optical polarization (light polarization),
and the thickness of the display can be decreased.
[0007] Still another objective of this invention is to pro-
vide a polarizer capable of photon-electric conversion.
When the polarizer is applied to a display, the polarizer
can polarize the incident light and absorb part of the in-
cident light for photon-electric conversion and providing
electric power to the display without significant increase
in thickness of the display for increasing the using effi-
ciency of the incident light.
[0008] In one embodiment of the present invention, a
display capable of photon-electric conversion is dis-
closed. The disclosed display comprises a first substrate
having a first top surface and a first bottom surface, a
second substrate having a second top surface and a sec-
ond bottom surface, a liquid crystal layer, a first polarizer,
and a second polarizer formed by adding a light-polarized
dye into a photon-electric conversion element. The liquid
crystal layer is disposed between the first substrate and
the second substrate, and further contacts the first bot-
tom surface of the first substrate and the second top sur-
face of the second substrate. The first polarizer is at-
tached to the first top surface of the first substrate and
the second polarizer is attached to the second bottom
surface of the second substrate. The light-polarized dye
added into the photon-electric conversion element ab-
sorbs photon energy of an incident light, which has a
direction of vibration parallel to absorption axis of the
light-polarized dye, for photon-electric conversion and
providing power to the display. Only photon energy of
the incident light, which has a direction of vibration per-
pendicular to absorption axis of the light-polarized dye,
can pass though the second polarizer to be a light source
of the display. Therefore, the display can make full use
of an incident light by the second polarizer, and the using
efficiency of the incident light is increased. Besides, the
second polarizer can perform photon-electric conversion
and optical polarization simultaneously because the sec-
ond polarizer plays both of the roles of the photon-electric
conversion element (solar cell) and polarizer simultane-
ously. Accordingly it is not necessary to add any extra
solar cell module to the display, and the thickness of the
display can be decreased efficiently.
[0009] conversion without significant increase in thick-
ness of the display caused by existence of a photon-
electric conversion device or a solar cell module.
[0010] JP2006243485A relates to an automatic light
control cell for transmitted light, which does not need any
power source from the outside, does not need a sensor
to detect light quantity and autonomously adjusts trans-
mitted light quantity, further which has a high light shield-
ing function, and which is long-life. A light transmissive
coating film of which the light reflectance is heightened
inversely proportional to light transmittance of an elec-
trochromic element is disposed between a light transmis-
sive optical power generation element generating power
with light incidence and a light transmissive electrochro-
mic element of which the light transmittance is lowered
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in proportion to applied electric energy. The optical power
generation element and the electrochromic element are
electrically connected to each other via a light transmis-
sive electric wiring member.
[0011] JP2007234863A relates to a see-through solar
cell module easy in an adjustment of transmission light
quantity. The see-through solar cell module comprises a
substrate having optical rotatory power, a photoelectric
converter formed on the substrate, a first polymer film
having polarization characteristics and covering the sub-
strate including the photoelectric converter, and a second
polymer film having polarization characteristics and cov-
ering an opposite side surface to the surface of the sub-
strate on which the photoelectric converter is formed.
[0012] JP2005182076A relates to a liquid crystal dis-
play equipped with a solar cell, which is improved in pow-
er generation of the solar cell by a light source having
constant light quantity. The liquid crystal display is
equipped with: a liquid crystal cell; a light source irradi-
ating the back face side of the liquid crystal cell; a light
guide plate to guide the light to the liquid crystal cell; a
transflective means which is disposed between the liquid
crystal cell and the light guide plate and which has a light
transmitting region and a light reflecting/photoelectric
converting region comprising a solar cell to reflect the
incident light from the outside to the direction to the liquid
crystal cell and to effect the photoelectric conversion by
the incident light from the outside; and a reflective polar-
izing means which is disposed between the transflective
means and the light guide plate and which transmits a
polarized light component necessary for the display by
the liquid crystal cell and reflects a polarized component
different from the above component to the light guide
plate side.

SUMMARY OF THE INVENTION

[0013] An objective of this invention is to provide a dis-
play capable of photon-electric conversion. Comparing
with the conventional display using solar cell module as
a renewable energy or an auxiliary energy, the thickness
of the display of this invention can be reduced and thinned
to form a slim-type display.
[0014] Another objective of this invention is to provide
a display capable of photon-electric conversion, wherein
a polarizer and a photon-electric conversion element are
integrated into one member. Therefore, the polarizer of
the display has both of the functions of photon-electric
conversion and optical polarization (light polarization),
and the thickness of the display can be decreased.
[0015] Still another objective of this invention is to pro-
vide a polarizer capable of photon-electric conversion.
When the polarizer is applied to a display, the polarizer
can polarize the incident light and absorb part of the in-
cident light for photon-electric conversion and providing
electric power to the display without significant increase
in thickness of the display for increasing the using effi-
ciency of the incident light.

[0016] In one embodiment of the present invention, a
display capable of photon-electric conversion is dis-
closed. The disclosed display comprises a first substrate
having a first top surface and a first bottom surface, a
second substrate having a second top surface and a sec-
ond bottom surface, a liquid crystal layer, a first polarizer,
and a second polarizer formed by adding a light-polarized
dye into a photon-electric conversion element. The liquid
crystal layer is disposed between the first substrate and
the second substrate, and further contacts the first bot-
tom surface of the first substrate and the second top sur-
face of the second substrate. The first polarizer is at-
tached to the first top surface of the first substrate and
the second polarizer is attached to the second bottom
surface of the second substrate. The light-polarized dye
added into the photon-electric conversion element
[0017] In one embodiment of the present invention, a
display capable of photon-electric conversion is dis-
closed. The disclosed display comprises a first substrate,
a second substrate and a liquid crystal layer. A photon-
electric conversion element with light-polarized dye add-
ed therein is directly fabricated or spread on one surface
of the second substrate. The first substrate has a first top
surface and a first bottom surface, and the second sub-
strate has a second top surface and a second bottom
surface. The liquid crystal layer is disposed between the
first substrate and the second substrate. The photon-
electric conversion element directly fabricated on the sur-
face of the second substrate can be used as a photon
absorption polarizer to absorb photon energy of an inci-
dent light, which has a direction of vibration parallel to
absorption axis of the light-polarized dye, for photon-
electric conversion and providing power to the display.
Only photon energy of the incident light, which has a di-
rection of vibration perpendicular to absorption axis of
the light-polarized dye, can pass though the second sub-
strate for optical polarization. Therefore, the second sub-
strate plays both of the roles of the photon-electric con-
version element and the polarizer simultaneously, and
the photon energy of the incident light can be fully and
adequately used. So the using efficiency of the incident
light is increased. It is not necessary to add any extra
solar cell module to the display and the thickness of the
display can be decreased efficiently because the photon-
electric conversion element has both of the functions of
photon-electric conversion and optical polarization.
[0018] In one embodiment of the present invention, a
polarizer capable of photon-electric conversion is dis-
closed. The disclosed polarizer comprises a support sub-
strate. A negative electrode, a semiconductor layer hav-
ing a light-polarized dye, an electrolyte layer, a catalyst
layer and a positive electrode are formed and stacked-
up on the support substrate in order. The light-polarized
dye in the semiconductor layer absorbs photon energy
of an incident light, which has a direction of vibration par-
allel to absorption axis of the light-polarized dye, for pho-
ton-electric conversion. Only photon energy of the inci-
dent light, which has a direction of vibration perpendicular
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to absorption axis of the light-polarized dye, is allowed
to pass though the polarizer for optical polarization. The
electrons of the light-polarized dye are excited by the
absorbed photon energy to be free electrons for photon-
electric conversion. The excited electrons are transmit-
ted out of said the polarizer by the negative electrode.
The positive electrode receives the electrons transmitted
from exterior circuit and transmits the received electrons
to the electrolyte layer. The electrolyte layer replenishes
the electrons of the light-polarized dye by the electrons
transmitted from the positive electrode. Therefore, the
electrolyte layer can make a reduction for the light-polar-
ized dye continuously. The catalyst layer is provided to
accelerate the reduction of the light-polarized dye. By
this way, the polarizer can perform photon-electric con-
version continuously to provide electric power to the dis-
play when the polarizer performs optical polarization of
the incident light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 is a schematic cross-section view showing a
conventional display with a solar cell module.

FIG. 2 is a schematic cross-section view showing a
display with solar cell in accordance with one em-
bodiment of the present invention.

FIG. 3A is a schematic cross-section view showing
a display with solar cell in accordance with another
embodiment of the present invention.

FIG. 3B is a schematic cross-section view showing
a display with solar cell in accordance with still an-
other embodiment of the present invention.

FIG. 4 is a schematic cross-section view showing a
polarizer with solar cell in accordance with one em-
bodiment of the present invention.

FIG. 5A is diagram illustrating how the O type polar-
ization reactive liquid crystal in the display performs
optical polarization of a incident light in accordance
with one embodiment of the present invention.

FIG. 5B is diagram illustrating how the E type polar-
ization reactive liquid crystal in the display performs
optical polarization of an incident light in accordance
with one embodiment of the present invention.

DESCRIPTION OF THE EXEMPLARY EMBODI-
MENTS

[0020] Although the present invention will be described
in accordance with the embodiments shown below, one
of ordinary skill in the art will readily recognize that there

could be variations to the embodiments and those vari-
ations would be within the spirit and scope of the present
invention. Accordingly, many modifications may be made
by one of ordinary skill in the art without departing from
the spirit and scope of the appended claims.
[0021] FIG. 2 is a schematic cross-section view show-
ing the display 100 capable of photon-electric conversion
in accordance with one embodiment of the present in-
vention. The display 100 comprises a first substrate 102,
a second substrate 104, a liquid crystal layer 106, a first
polarizer 108, and a second polarizer 111 formed by add-
ing a light-polarized dye into a photon-electric conversion
element 110. The first substrate 102 has a first top sur-
face 102a and a first bottom surface 102b, and the sec-
ond substrate 104 has a second top surface 104a and a
second bottom surface 104b. Both of the first top surface
102a of the first substrate 102 and the second top surface
104a of the second substrate 104 face the same direc-
tion, and the first bottom surface 102b of the first sub-
strate 102 and the second top surface 104a of the second
substrate 104 face to each other. The liquid crystal layer
106 is between the first bottom surface 102b of the first
substrate 102 and the second top surface 104a of the
second substrate 104. The first polarizer 108 is attached
to the first top surface 102a of the first substrate 102 to
be the front polarizer of the display 100. The second po-
larizer 111, which is formed by adding a light-polarized
dye into a photon-electric conversion element 110, is at-
tached to the second bottom surface 104b of the second
substrate 104 to replace the conventional polarizer hav-
ing only a polarizing function.
[0022] The second polarizer 111 comprises a support
substrate 112, and the photon-electric conversion ele-
ment 110 formed on the support substrate 112 comprises
a negative electrode 114, a semiconductor layer 116 hav-
ing the light-polarized dye therein, an electrolyte layer
118, a catalyst layer 120 and a positive electrode 122.
The negative electrode 114, the semiconductor layer 116
having a light-polarized dye, the electrolyte layer 118,
the catalyst layer 120 and the positive electrode 122 are
fabricated or spread on the support substrate 112 from
bottom to top in order for forming the second polarizer
111. The negative electrode 114 is disposed on the sup-
port substrate 112 and the semiconductor layer 116 is
disposed on the negative electrode 114. The electrolyte
layer 118 is disposed on the semiconductor layer 116
and the catalyst layer 120 is disposed on the electrolyte
layer 118, and the positive electrode 122 is disposed on
the catalyst layer 120. The positive electrode 122 of the
second polarizer 111 can be attached to the bottom sur-
face 104b of the second substrate 104 by an adhesive
material (not shown in FIG. 2) to let the second polarizer
111 be laminated under the second substrate 104.
[0023] When an incident light illuminates the second
polarizer 111, the light-polarized dye added into the sem-
iconductor layer 116 absorbs photon energy of the inci-
dent light, which has a direction of vibration parallel to
absorption axis of the light-polarized dye. Only photon
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energy of the incident light, which has a direction of vi-
bration perpendicular to absorption axis of the light-po-
larized dye, is not absorbed by the light-polarized dye
and is allowed to pass though the semiconductor layer
116, and further other lays of the second polarizer 111,
to function as the light source of the display 100, thus the
polarizing function of the incident light is achieved. The
photon energy absorbed by the light-polarized dye is ap-
plied to excite the electrons of the light-polarized dye.
And then, the excited electrons of the light-polarized dye
are transited from the highest occupied molecular orbital
(HOMO) to the lowest occupied molecular orbital (LO-
MO) and then become free electrons. The free electrons
are injected into the conductive band of the semiconduc-
tor layer 116 and then transmitted to an exterior circuit
(not shown in FIG. 6) by the negative electrode 114. Be-
cause the lost electrons of the light-polarized dye results
from the electrons being excited and injected into the
conductive band of the semiconductor layer 116, the
electrolyte layer 118 replenishes the lost electrons for
the reduction of the light-polarized dye. And the catalyst
layer 120 is provided to accelerate the reduction of the
light-polarized dye. The positive electrode 122 receives
the electron pairs transmitted from the exterior circuit and
transmits the received electrons to the electrolyte layer
118. By the above-mentioned actions, when the incident
light which may be provided by a back light module (not
shown in FIG. 6) illuminates the second polarizer 111,
the second polarizer 111 not only absorbs photon energy
of the incident light, which has a direction of vibration
parallel to absorption axis of the light-polarized dye, to
play a role of a photon absorption polarizer but also plays
a role of a dye-sensitized solar cell at the same time for
converting the absorbed photon energy into the electric
power and providing the electric power to the display 100
continuously.
[0024] It is not necessary to add any extra solar cell
module to the display 100 because the second polarizer
111 having both of the functions of photon-electric con-
version and optical polarization, hence the display 100
with photon-electric conversion function in the present
invention is thinner than the conventional display 10 with
an extra solar cell module. In this way, the display 100
capable of photon-electric conversion is provided without
significant increasing of the thickness of the display 100.
Beside, unlike the conventional photon absorption polar-
izer which discards the photon energy absorbed from
optical polarization, the second polarizer 111 converts
the photon energy absorbed from optical polarization into
the electric power and provides the electric power to the
display 100. Therefore, the display can make full use of
an incident light by the polarizer capable of photon-elec-
tric conversion, and the using efficiency of the incident
light is increased.
[0025] The light-polarized dye added into the semicon-
ductor layer 116 comprises a dichroic dye and a reactive
liquid crystal wherein the dichroic dye is added into the
reactive liquid crystal to achieve the effect of optical po-

larization. The dichroic dye is a dye which has an aniso-
tropic absorption of visible light in a direction parallel to
the direction of molecular major axis or molecular minor
axis. The light-polarized dye can be a P-dichroic dye hav-
ing absorption of light in the direction parallel to the di-
rection of molecular major axis, or the light-polarized dye
can be an N-dichroic dye having absorption of light in the
direction parallel to the direction of molecular minor axis.
Besides, the dichroic dye can be an anthraxquinone dye
or an azo dye.
[0026] According to the demand, an UV type reactive
liquid crystal or a thermal type reactive liquid crystal can
be applied to be the reactive liquid crystal of this inven-
tion. Furthermore, a O type polarization reactive liquid
crystal, for example a rod-like reactive liquid crystal, or
a E type polarization reactive liquid crystal, for example
a discotic reactive liquid crystal, also can be applied to
be the reactive liquid crystal of this invention. Referring
to FIG. 5A, the O type polarization reactive liquid crystal
absorbs a component of the extraordinary wave A1 of
the light A having a direction of the electric field parallel
to the optical axis C, and only a component of the ordinary
wave A2 of the light A having a direction of the electric
field perpendicular to the optical axis C can pass through
the O type polarization reactive liquid crystal. Therefore,
a polarized light B perpendicular to optical axis C is
formed by the O type polarization reactive liquid crystal.
Referring to FIG. 5B, the E type polarization reactive liq-
uid crystal absorbs the component of the ordinary wave
A2 of the light A having a direction of the electric field
perpendicular to the optical axis C, and only the compo-
nent of the extraordinary wave A1 of the light A having a
direction of the electric field parallel to optical axis C can
pass through the E type polarization reactive liquid crys-
tal. Therefore, a polarized light B’ parallel to optical axis
C is formed by the E type polarization reactive liquid crys-
tal.
[0027] Furthermore, the semiconductor layer 116 is a
nano-scale thin film having a porous surface for increas-
ing contact surface between the semiconductor layer 116
and the light-polarized dye, for example a porous nano-
scale thin film composed of titanium dioxide. The nano-
scale thin film composed of titanium dioxide has many
holes in the porous surface. The light-polarized dye is
spread in and attached to the porous surface of the nano-
scale thin film. The electrolyte layer 118 is in a solid state
instead of a liquid state. Therefore, the following process
of fabricating the second polarizer 111 becomes simpler
because no electrolyte in a liquid state exists. The elec-
trolyte layer 118 is spread in the porous surface of the
nano-scale thin film for being attached to the light-polar-
ized dye for increasing contact surface between the elec-
trolyte layer 118 and the light-polarized dye. In this in-
vention, the electrolyte layer 118 comprises a organic
hole transport material, for example P3HT, P3OT, PDTI,
MeTAD or other equivalent organic material, or the elec-
trolyte layer 118 comprises a inorganic P-type semicon-
ductor material, for example CuI, CuSCN or other equiv-
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alent semiconductor material.
[0028] In this embodiment, the catalyst layer 120 is a
Platinum (Pt) layer or a Carbon (C) layer for accelerating
the reduction of the light-polarized dye. However, in other
embodiments of the present invention, many kinds of cat-
alyst layer composed of different material are applied to
the second polarizer 111 according to different require-
ments. The negative electrode 114 and the positive elec-
trode 122 are composed of the material commonly used
in the conventional solar cell. The support substrate 112
may be a triacetate cellulose (TAC) substrate, a polyvinyl
alcohol (PVA) substrate, or a polyethylene terephthalate
(PET) substrate. The first substrate 102 may be a filter
substrate of a display. The second substrate 104 may be
a thin film transistor (TFT) substrate or a substrate com-
posed by thin film transistors (TFT) and a conventional
electrode substrate of a display.
[0029] FIG. 3A is a schematic cross-section view
showing the display 100A capable of photon-electric con-
version in accordance with another embodiment of the
present invention. The display 100A comprises a first
substrate 102, a second substrate 104, a liquid crystal
layer 106. The liquid crystal layer 106 is disposed be-
tween the first substrate 102 and the second substrate
104. In the display 100A, the second substrate 104 is a
carrier that replaces the support substrate 112 of the sec-
ond polarizer 111 in the above embodiment. The photon-
electric conversion element 110’ with light-polarized dye
added therein is directly fabricated or spread on the sec-
ond top surface 104a of the second substrate 104 for
integrated the photon-electric conversion element 110’
with the second substrate 104.. Comparing with the dis-
play 100 shown in FIG. 6, the thickness of the display
100A is further thinner. The photon-electric conversion
element 110’ has both of the functions of optical polari-
zation and photon-electric conversion. Therefore, the
photon-electric conversion element 110’ plays both of
the role of a polarizer for optical polarization of the inci-
dent light and the role of a dye-sensitized solar cell for
providing the electric power to the display 100A simulta-
neously. Furthermore, an upper polarizer 108 is disposed
on the first top surface 102a of the first substrate 102.
[0030] The photon-electric conversion element 110’
comprises a negative electrode 114, a semiconductor
layer 116 having a light-polarized dye, an electrolyte layer
118, a catalyst layer 120 and a positive electrode 122.
The negative electrode 114, the semiconductor layer 116
having a light-polarized dye, the electrolyte layer 118,
the catalyst layer 120 and the positive electrode 122 are
fabricated or spread on the second top surface 104a of
the second substrate 104 from bottom to top in order.
The photon-electric conversion element 110’ is integrat-
ed with the second substrate 104 by directly disposing
the negative electrode 114 on the second top surface
104a of the second substrate 104. Therefore, the second
substrate 104 and the semiconductor layer 116 are re-
spectively disposed on the two opposite surfaces of the
negative electrode 114. The light-polarized dye added

into the photon-electric conversion element 110’ is com-
posed of a dichroic dye and a reactive liquid crystal. The
optical polarization function and the photon-electric con-
version function of the photon-electric conversion ele-
ment 110’ are mentioned above and therefore no more
description herein. Besides, the functions and the com-
positions of the components in the display 100A and the
photon-electric conversion element 110’ are similar with
that of the components in the display 100 and the second
polarizer 111, and therefore no more description herein.
[0031] FIG. 3B is a schematic cross-section view
showing the display 100B capable of photon-electric con-
version in accordance with still another embodiment of
the present invention. Both of the display 100B illustrated
in FIG. 3B and the display 100A illustrated in FIG. 3A
have the similar components, and the structure of the
display 100B is also similar with the structure of the dis-
play 100A. However, the difference between the display
100A and the display 100B is that the photon-electric
conversion element 110’ in the display 100A is directly
fabricated or spread on the second top surface 104a of
the second substrate 104, but the photon-electric con-
version element 110’ in the display 100B is directly fab-
ricated or spread on the second bottom surface 104b of
the second substrate 104. In the display 100B, the pos-
itive electrode 122, the catalyst layer 120, the electrolyte
layer 118, the semiconductor layer 116 having a light-
polarized dye and the negative electrode 114 are fabri-
cated or spread on the second bottom surface 104b of
the second substrate 104 from top to bottom in order.
The photon-electric conversion element 110’ integrated
with the second substrate 104 by directly disposing the
positive electrode 122 on the second bottom surface
104b of the second substrate 104. Therefore, the second
substrate 104 and the catalyst layer 120 are respectively
disposed on the two opposite surfaces of the positive
electrode 122.
[0032] No matter in the display 100 illustrated in FIG.
2, the display 100A illustrated in FIG. 3A or the display
100B illustrated in FIG. 3B, a photon-electric conversion
element (or polarizer) with a light-polarized dye added
therein is used to replace the conventional polarizer. Un-
like the conventional polarizer only having the function
of optical polarization, the photon-electric conversion el-
ement (or polarizer) with the light-polarized dye has both
of the functions of optical polarization and photon-electric
conversion. Therefore, it is not necessary to add an extra
solar cell module to the display and so the thickness of
the display would be decreased significantly.
[0033] Furthermore, the photon-electric conversion el-
ement (or the polarizer) with a light-polarized dye plays
both of the roles of a photon absorption polarizer and a
dye-sensitized solar cell simultaneously. During the op-
tical polarization of the incident light, the photon energy
which the display does not need is absorbed by the pho-
ton-electric conversion element (or the polarizer) for pho-
ton-electric conversion and for providing the electric pow-
er to the display. Therefore, the display can make full use
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of an incident light by the photon-electric conversion el-
ement (or the polarizer), and the using efficiency of the
incident light is increased.
[0034] In embodiments of the present invention, even
all of the display 100, 100A and 100B are the display
capable of photon-electric conversion, but a touch ele-
ment can be disposed on the liquid crystal layer, such as
disposed above said liquid crystal layer or disposed un-
der the liquid crystal layer, for forming a touch sensitive
display capable of photon-electric conversion.
[0035] Furthermore, the polarizer capable of photon-
electric conversion is disclosed in this invention, wherein
the polarizer has both of the functions of optical polari-
zation and photon-electric conversion. The polarizer
used as a photon absorption polarizer and a dye-sensi-
tized solar cell of a display simultaneously when it is ap-
plied to the display. FIG. 4 is a schematic cross-section
view showing the polarizer 111 capable of photon-electric
conversion in accordance with one embodiment of the
present invention. The polarizer 111 comprises a nega-
tive electrode 114, a semiconductor layer 116 having a
light-polarized dye, an electrolyte layer 118, a catalyst
layer 120 and a positive electrode 122. The negative elec-
trode 114, the semiconductor layer 116 having a light-
polarized dye, the electrolyte layer 118, the catalyst layer
120 and the positive electrode 122 are fabricated or
spread on a support substrate 112 from bottom to top in
order for forming the polarizer 111. The light-polarized
dye added into the semiconductor layer 116 is composed
of a dichroic dye and a reactive liquid crystal. Therefore,
the polarizer 111 has both of the functions of optical po-
larization and photon-electric conversion. The functions
and the compositions of the components of the polarizer
111 are similar with that of the components of the second
polarizer in the display 100 illustrated in FIG. 2, and there-
fore no more description herein..
[0036] Therefore, a display and a polarizer capable of
photon-electric conversion are provided in the present
invention. The polarizer (or photon-electric conversion
element) capable of photon-electric conversion is applied
to a display in place of the conventional lower polarizer
for providing both of the functions of optical polarization
and photon-electric conversion to the display. In this way,
the thickness of the display would be decreased signifi-
cantly and the using efficiency of the incident light is in-
creased.

Claims

1. A display (100) capable of photon-electric conver-
sion, comprising:

a first substrate (102) having a first top surface
(102a) and a first bottom surface (102b);
a second substrate (104) having a second top
surface (104a) and a second bottom surface
(104b);

a liquid crystal layer (106) disposed between
said first bottom surface of said first substrate
and said second top surface of said second sub-
strate;
a first polarizer (108) disposed on said first top
surface of said first substrate; and
a photon-electric conversion element (110),
wherein a light-polarized dye is added into said
photon-electric conversion element to form a
second polarizer (111) attached to the second
bottom surface of the second substrate, wherein
said light-polarized dye comprises a reactive liq-
uid crystal and a dichroic dye added into the re-
active liquid crystal, so as to achieve an effect
of optical polarization, and photon energy of an
incident light, which has a direction of vibration
parallel to absorption axis of said light-polarized
dye, is absorbed by said light-polarized dye for
photon-electric conversion.

2. The display of claim 1, wherein said second polarizer
comprises a support substrate (112), and the pho-
ton-electric conversion element formed on said sup-
port substrate comprising:

a negative electrode (114) for transmitting ex-
cited electrons;
a semiconductor layer (116) having said light-
polarized dye disposed on said negative elec-
trode for absorbing said photon energy of an in-
cident light having a direction of vibration parallel
to absorption axis of said light-polarized dye to
excite electrons of the light-polarized dye to be
free electrons for photon-electric conversion;
an electrolyte layer (118) disposed on said sem-
iconductor layer having said light-polarized dye
for replenishing the lost electrons from said light-
polarized dye for reduction of said light-polar-
ized dye;
a catalyst layer (120) disposed on said electro-
lyte layer for accelerating said reduction of said
light-polarized dye; and
a positive electrode (122) disposed on said cat-
alyst layer for receiving external electrons and
transmitted said external electrons to said elec-
trolyte layer.

3. The display of claim 1, wherein only photon energy
of said incident light, which has a direction of vibra-
tion perpendicular to absorption axis of said light-
polarized dye, can pass through said second polar-
izer to be a light source of said display.

4. The display of claim 1, further comprising a touch
element disposed on said liquid crystal layer.

5. A polarizer (111) capable of photon-electric conver-
sion, wherein said polarizer comprises a support
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substrate (112), and elements formed on said sup-
port substrate comprising:

a negative electrode (114) for transmitting ex-
cited electrons;
a semiconductor layer (116) having a light-po-
larized dye wherein said light-polarized dye
comprises a reactive liquid crystal and a dichroic
dye added into the reactive liquid crystal, so as
to achieve an effect of optical polarization, said
light-polarized dye disposed on said negative
electrode for absorbing said photon energy of
an incident light having a direction of vibration
parallel to absorption axis of said light-polarized
dye in order to excite electrons of said light-po-
larized dye to be free electrons for photon-elec-
tric conversion;
an electrolyte layer (118) disposed on said sem-
iconductor layer having said light-polarized dye
for replenishing the lost electrons from said light-
polarized dye for reduction of said light-polar-
ized dye; and
a positive electrode (122) disposed above said
electrolyte layer for receiving external electrons
and transmitted said external electrons to said
electrolyte layer.

6. The polarizer of claim 5, wherein said dichroic dye
is selected from a group consisting of P-dichroic dye,
N-dichroic dye, anthraxquinone dye and azo dye.

7. The polarizer of claim 5, wherein said reactive liquid
crystal is selected from a group consisting of O type
polarization reactive liquid crystal, E type polariza-
tion reactive liquid crystal, UV type reactive liquid
crystal and thermal type reactive liquid crystal.

8. The polarizer of claim 5, wherein said semiconductor
layer is a nano-scale thin film having a porous sur-
face for increasing contact surface between said
semiconductor layer and said light-polarized dye,
and said light-polarized dye is spread in and attached
to said porous surface of said semiconductor layer.

9. The polarizer of claim 5, wherein said electrolyte lay-
er is in a solid state and said electrolyte layer com-
prises a organic electric hole transport material or a
inorganic P-type semiconductor material.

10. The polarizer of claim 9, wherein said electrolyte lay-
er is spread in said porous surface of said semicon-
ductor layer for attaching to said light-polarized dye
for increasing contact surface between said electro-
lyte layer and said light-polarized dye.

11. The polarizer of claim 5, further comprising a catalyst
layer (120) disposed between said electrolyte layer
and said positive electrode for accelerating said re-

duction of said light-polarized dye.

12. The polarizer of claim 11, wherein said catalyst layer
is a Platinum (Pt) layer or a Carbon (C) layer.

13. The polarizer of claim 5, wherein said support sub-
strate is a triacetate cellulose (TAC) substrate, a pol-
yvinyl alcohol (PVA) substrate, or a polyethylene
terephthalate (PET) substrate.

Patentansprüche

1. Anzeige (100), die zur photoelektrischen Umwand-
lung fähig ist, umfassend:

ein erstes Substrat (102) mit einer ersten oberen
Fläche (102a) und einer ersten unteren Fläche
(102b);
ein zweites Substrat (104) mit einer zweiten obe-
ren Fläche (104a) und einer zweiten unteren
Fläche (104b);
eine Flüssigkristallschicht (106), die zwischen
der ersten unteren Fläche des ersten Substrats
und der zweiten oberen Fläche des zweiten
Substrats angeordnet ist;
einen ersten Polarisator (108), der auf der ersten
oberen Fläche des ersten Substrats angeordnet
ist; und
ein photoelektrisches Umwandlungselement
(110), wobei ein lichtpolarisierter Farbstoff in
das photoelektrische Umwandlungselement
eingebracht ist, um einen zweiten Polarisator
(111) auszubilden, der an der zweiten unteren
Fläche des zweiten Substrats angebracht ist,
wobei der lichtpolarisierte Farbstoff einen reak-
tiven Flüssigkristall und einen dichroitischen
Farbstoff umfasst, der in den reaktiven Flüssig-
kristall eingebracht ist, um einen Effekt der op-
tischen Polarisation zu erzielen, und wobei Pho-
tonenenergie eines einfallenden Lichts, das ei-
ne Schwingungsrichtung parallel zur Absorpti-
onsachse des lichtpolarisierten Farbstoffs auf-
weist, von dem lichtpolarisierten Farbstoff zur
photoelektrischen Umwandlung absorbiert wird.

2. Anzeige nach Anspruch 1, wobei der zweite Polari-
sator ein Trägersubstrat (112) umfasst, und wobei
das auf dem Trägersubstrat gebildete photoelektri-
sche Umwandlungselement umfasst:

eine negative Elektrode (114) zum Übertragen
angeregter Elektronen;
eine Halbleiterschicht (116) mit dem lichtpolari-
sierten Farbstoff, der auf der negativen Elektro-
de angeordnet ist, um die Photonenenergie ei-
nes einfallenden Lichts mit einer Schwingungs-
richtung parallel zur Absorptionsachse des licht-
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polarisierten Farbstoffs zu absorbieren, um
Elektronen des lichtpolarisierten Farbstoffs als
freie Elektronen für die photoelektrische Um-
wandlung anzuregen;
eine Elektrolytschicht (118), die auf der Halblei-
terschicht mit dem lichtpolarisierten Farbstoff
zum Wiederauffüllen von verlorenen Elektronen
aus dem lichtpolarisierten Farbstoff zum Redu-
zieren des lichtpolarisierten Farbstoffs angeord-
net ist;
eine auf der Elektrolytschicht angeordnete Ka-
talysatorschicht (120) zur Beschleunigung der
Reduktion des lichtpolarisierten Farbstoffs; und
eine positive Elektrode (122), die auf der Kata-
lysatorschicht angeordnet ist, um externe Elek-
tronen aufzunehmen und die externen Elektro-
nen an die Elektrolytschicht zu übertragen.

3. Anzeige nach Anspruch 1, wobei nur die Photonen-
energie des einfallenden Lichts, die eine Schwin-
gungsrichtung senkrecht zur Absorptionsachse des
lichtpolarisierten Farbstoffs aufweist, durch den
zweiten Polarisator hindurchtreten kann, um eine
Lichtquelle der Anzeige zu sein.

4. Anzeige nach Anspruch 1, ferner umfassend ein Be-
rührungselement, das auf der Flüssigkristallschicht
angeordnet ist.

5. Polarisator (111), der zur photoelektrischen Um-
wandlung fähig ist, wobei der Polarisator ein Träger-
substrat (112) und auf dem Trägersubstrat gebildete
Elemente aufweist, umfassend:

eine negative Elektrode (114) zum Übertragen
angeregter Elektronen;
eine Halbleiterschicht (116) mit einem lichtpola-
risierten Farbstoff, wobei der lichtpolarisierte
Farbstoff einen reaktiven Flüssigkristall und ei-
nen in den reaktiven Flüssigkristall eingegebe-
nen dichroitischen Farbstoff umfasst, um einen
Effekt der optischen Polarisation zu erzielen,
wobei der lichtpolarisierte Farbstoff auf der ne-
gativen Elektrode angeordnet ist, um die Pho-
tonenenergie eines einfallenden Lichts mit einer
Schwingungsrichtung parallel zur Absorptions-
achse des lichtpolarisierten Farbstoffs zu absor-
bieren, um Elektronen des lichtpolarisierten
Farbstoffs als freie Elektronen für die photoelek-
trische Umwandlung anzuregen;
eine Elektrolytschicht (118), die auf der Halblei-
terschicht mit dem lichtpolarisierten Farbstoff
zum Wiederauffüllen der verlorenen Elektronen
aus dem lichtpolarisierten Farbstoff zur Reduk-
tion des lichtpolarisierten Farbstoffs angeordnet
ist; und
eine positive Elektrode (122), die oberhalb der
Elektrolytschicht angeordnet ist, um externe

Elektronen aufzunehmen und die externen
Elektronen zu der Elektrolytschicht zu übertra-
gen,

6. Polarisator nach Anspruch 5, wobei der dichroitische
Farbstoff ausgewählt ist aus einer Gruppe beste-
hend aus P-dichroitischem Farbstoff, N-dichroiti-
schem Farbstoff, Anthrachinonfarbstoff und Azo-
farbstoff.

7. Polarisator nach Anspruch 5, wobei der reaktive
Flüssigkristall ausgewählt ist aus einer Gruppe be-
stehend aus einem reaktiven Flüssigkristall vom O-
Typ, einem reaktiven Flüssigkristall vom E-Typ mit
Polarisation, einem reaktiven Flüssigkristall vom
UV-Typ und einem reaktiven Flüssigkristall vom
thermischen Typ.

8. Polarisator nach Anspruch 5, wobei die Halbleiter-
schicht eine nanoskalige Dünnschicht mit einer po-
rösen Fläche zum Vergrößern der Kontaktfläche
zwischen der Halbleiterschicht und dem lichtpolari-
sierten Farbstoff ist und der lichtpolarisierte Farbstoff
in der porösen Fläche der Halbleiterschicht verteilt
und an dieser befestigt ist.

9. Polarisator nach Anspruch 5, wobei sich die Elektro-
lytschicht in einem festen Zustand befindet und die
Elektrolytschicht ein organisches elektrisches Loch-
transportmaterial oder ein anorganisches Halbleiter-
material vom P-Typ umfasst.

10. Polarisator nach Anspruch 9, wobei die Elektrolyt-
schicht in der porösen Fläche der Halbleiterschicht
zum Anbringen an dem lichtpolarisierten Farbstoff
verteilt ist, um die Kontaktfläche zwischen der Elek-
trolytschicht und dem lichtpolarisierten Farbstoff zu
vergrößern,

11. Polarisator nach Anspruch 5, ferner umfassend eine
Katalysatorschicht (120), die zwischen der Elektro-
lytschicht und der positiven Elektrode angeordnet
ist, um die Reduktion des lichtpolarisierten Farb-
stoffs zu beschleunigen.

12. Polarisator nach Anspruch 11, wobei die Katalysa-
torschicht eine Platin- (Pt) Schicht oder eine Kohlen-
stoff- (C) Schicht ist.

13. Polarisator nach Anspruch 5, wobei das Trägersub-
strat ein Triacetat-Cellulose-(TAC)-Substrat, ein Po-
lyvinylalkohol-(PVA)-Substrat oder ein Polyethylen-
terephthalat(PET)-Substrat ist.

Revendications

1. Un dispositif d’affichage (100) capable de conver-
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sion photo-électrique, comprenant:

un premier substrat (102) ayant une première
surface supérieure (102a) et une première sur-
face inférieure (102b);
un deuxième substrat (104) ayant une deuxième
surface supérieure (104a) et une deuxième sur-
face inférieure (104b);
une couche de cristal liquide (106) disposée en-
tre ladite première surface inférieure dudit pre-
mier substrat et ladite seconde surface supé-
rieure dudit second substrat;
un premier polariseur (108) disposé sur ladite
première surface supérieure dudit premier subs-
trat; et
un élément de conversion photo-électrique
(110), dans lequel un colorant polarisé par la
lumière est ajouté audit élément de conversion
photo-électrique pour former un second pola-
riseur (111) fixé à la seconde surface inférieure
du second substrat, dans lequel ledit colorant
polarisé par la lumière comporte un cristal liqui-
de réactif et un colorant dichroïque ajouté à l’in-
térieur du cristal liquide réactif, afin d’obtenir un
effet de polarisation optique, et une énergie pho-
ton d’une lumière incidente, ayant une direction
de vibration parallèle à l’axe d’absorption dudit
colorant polarisé par la lumière, est absorbée
par ledit colorant polarisé par la lumière pour
une conversion photo-électrique.

2. Le dispositif d’affichage de la revendication 1, dans
lequel ledit second polariseur comprend un substrat
de support (112), et l’élément de conversion photo-
électrique formé sur ledit substrat de support
comprend :

une électrode négative (114) pour transmettre
des électrons excités;
une couche semi-conductrice (116) ayant ledit
colorant polarisé par la lumière disposé sur la-
dite électrode négative pour absorber ladite
énergie photonique d’une lumière incidente
ayant une direction de vibration parallèle à l’axe
d’absorption dudit colorant polarisé par la lumiè-
re pour exciter les électrons du colorant polarisé
par la lumière dans le but de devenir des élec-
trons libres pour la conversion photo-électrique;
une couche d’électrolyte (118) disposée sur la-
dite couche semi-conductrice ayant ledit colo-
rant polarisé par la lumière pour reconstituer les
électrons perdus dudit colorant polarisé par la
lumière pour la réduction dudit colorant polarisé
par la lumière;
une couche de catalyseur (120) disposée sur
ladite couche d’électrolyte pour accélérer ladite
réduction dudit colorant polarisé par la lumière;
et

une électrode positive (122) disposée sur ladite
couche de catalyseur pour recevoir des élec-
trons externes et transmettre lesdits électrons
externes à ladite couche d’électrolyte.

3. Le dispositif d’affichage de la revendication 1, dans
lequel seule l’énergie photonique de la dite lumière
incidente, qui a une direction de vibration perpendi-
culaire à l’axe d’absorption dudit colorant polarisé
par la lumière, peut passer au travers dudit second
polariseur pour être une source lumineuse dudit dis-
positif d’affichage.

4. Le dispositif d’affichage de la revendication 1, com-
prenant en outre un élément tactile disposé sur ladite
couche de cristal liquide.

5. Un polariseur (111) capable de conversion photo-
électrique, dans lequel ledit polariseur comporte un
substrat de support (112), et des éléments formés
sur ledit substrat de support comportant :

une électrode négative (114) pour transmettre
des électrons excités;
une couche semi-conductrice (116) ayant ledit
colorant polarisé par la lumière dans lequel ledit
colorant polarisé par la lumière comporte un
cristal liquide réactif et un colorant dichroïque
ajouté dans le cristal liquide réactif, afin d’obtenir
un effet de polarisation optique, ledit colorant
polarisé par la lumière étant disposé sur ladite
électrode négative pour absorber ladite énergie
photonique d’une lumière incidente ayant une
direction de vibration parallèle à l’axe d’absorp-
tion dudit colorant polarisé par la lumière afin
d’exciter les électrons dudit colorant polarisé par
la lumière dans le but de devenir des électrons
libres pour la conversion photo-électrique;
une couche d’électrolyte (118) disposée sur la-
dite couche semi-conductrice ayant ledit colo-
rant polarisé par la lumière pour reconstituer les
électrons perdus dudit colorant polarisé par la
lumière pour la réduction dudit colorant polarisé
par la lumière; et
une électrode positive (122) disposée sur ladite
couche de catalyseur pour recevoir des élec-
trons externes et transmise lesdits électrons ex-
ternes à ladite couche d’électrolyte.

6. Le polariseur de la revendication 5, dans lequel ledit
colorant dichroïque est choisi dans un groupe cons-
titué d’un colorant P-dichroïque, d’un colorant N-di-
chroïque, d’un colorant anthraxquinone et d’un co-
lorant azoïque.

7. Le polariseur de la revendication 5, dans lequel ledit
cristal liquide réactif est choisi dans un groupe cons-
titué d’un cristal liquide réactif à polarisation de type
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O, d’un cristal liquide réactif à polarisation de type
E, d’un cristal liquide réactif de type UV et d’un cristal
liquide réactif de type thermique.

8. Le polariseur de la revendication 5, dans lequel ladite
couche semi-conductrice est un film mince à l’échel-
le nanométrique ayant une surface poreuse pour
augmenter la surface de contact entre ladite couche
semi-conductrice et ledit colorant polarisé par la lu-
mière, et ledit colorant polarisé par la lumière est
étalé et fixé à ladite surface poreuse de ladite couche
semi-conductrice.

9. Le polariseur de la revendication 5, dans lequel ladite
couche d’électrolyte est à l’état solide et ladite cou-
che d’électrolyte comprend un matériau de transport
de trous électriques organiques ou un matériau
semi-conducteur de type P inorganique.

10. Le polariseur de la revendication 9, dans lequel ladite
couche d’électrolyte est étalée dans ladite surface
poreuse de ladite couche semi-conductrice pour se
fixer audit colorant polarisé par la lumière afin d’aug-
menter la surface de contact entre ladite couche
d’électrolyte et ledit colorant polarisé par la lumière.

11. Le polariseur de la revendication 5, comprenant en
outre une couche catalytique (120) disposée entre
ladite couche électrolyte et ladite électrode positive
pour accélérer ladite réduction dudit colorant polari-
sé par la lumière.

12. Le polariseur de la revendication 11, dans lequel la-
dite couche catalytique est une couche de platine
(Pt) ou une couche de carbone (C).

13. Le polariseur de la revendication 5, dans lequel ledit
substrat de support est un substrat en triacétate de
cellulose (TAC), un substrat en alcool polyvinylique
(PVA) ou un substrat en polyéthylène téréphtalate
(PET).
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