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LIQUID CRYSTAL DISPLAY

FIG. SA and FIG. SB are schematic cross-sectional views
of a liquid crystal display according to yet another embodiment of the disclosure.
FIG. 6A illustrates a distribution of equipotential lines of a
liquid crystal display without a floating electrode.
FIG. 6B illustrates a distribution of equipotential lines of a
liquid crystal display with a floating electrode.
FIG. 7A illustrates a voltage-transmittance curve of a liquid crystal display without a floating electrode.
FIG. 7B illustrates a voltage-transmittance curve of a liquid crystal display with a floating electrode.

TECHNICAL FIELD
The technical field relates to a liquid crystal display.

5

BACKGROUND
As display technology develops, consumers' demand for
higher display quality of display devices is growing. Besides
resolution, contrast ratio, viewing angle, grey level inversion,
and color saturation, now consumers also have higher standard for the response time of display devices.
To satisfy the consumers' demand, manufacturers in the
field of displays are devoted to the development of blue phase
liquid crystal displays which have the property of quick
response time. Take blue phase liquid crystal material as an
example, generally a transverse electric field is required such
that the blue phase liquid crystal material can function as a
light valve. Now some manufacturers begin using an electrode design ofIPS (In-Plane Switching) display to drive the
blue phase liquid crystal molecules in the blue phase liquid
crystal display. However, the electrode design of the conventional IPS display has the problem of poor transmittance.

10

DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS
15
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SUMMARY
The disclosure provides a liquid crystal display having a
floating electrode.
The disclosure provides a liquid crystal display, which
includes a first substrate, a plurality of pixels, a second substrate, a plurality of floating electrodes, and a liquid crystal
layer. The pixels are arranged in an array on the first substrate,
and each of the pixels includes a first electrode and a second
electrode, wherein a space is maintained between the first
electrode and the second electrode. The floating electrodes
are disposed on the second substrate and above the spaces.
The liquid crystal layer is located between the first substrate
and the second substrate, wherein the liquid crystal layer is
optically isotropic when the first electrode and the second
electrode have no voltage difference; and the liquid crystal
layer is optically anisotropic when the first electrode and the
second electrode have a voltage difference therebetween.
Several exemplary embodiments accompanied with figures are described in detail below.
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BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings are included to provide a
further understanding of the disclosure, and are incorporated
in and constitute a part of this specification. The drawings
illustrate exemplary embodiments of the disclosure and,
together with the description, serve to explain the principles
of the disclosure.
FIG. 1 is a schematic cross-sectional view of a liquid crystal display according to an embodiment of the disclosure.
FIG. 1' is a schematic cross-sectional view of a liquid
crystal display according to another embodiment of the disclosure.
FIG. 2 illustrates a layout of a pixel according to an
embodiment of the disclosure.
FIG. 3 illustrates a layout ofa plurality of pixels according
to an embodiment of the disclosure.
FIG. 4 is a schematic cross-sectional view of a liquid crysta! display according to another embodiment of the disclosure.
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FIG. 1 is a schematic cross-sectional view of a liquid crystal display according to an embodiment of the disclosure.
FIG. 2 illustrates a layout of a pixel according to an embodiment of the disclosure. FIG. 3 illustrates a layout of a plurality
of pixels according to an embodiment of the disclosure.
Referring to FIG. 1, FIG. 2, and FIG. 3, a liquid crystal
display 100 of this embodiment includes a first substrate
SUBl, a plurality of pixels 110, a second substrate SUB2, a
plurality of floating electrodes 120, and a liquid crystal layer
130. The pixels 110 are arranged in an array on the first
substrate SUBl (as shown in FIG. 3), and each of the pixels
110 includes a first electrode 112 and a second electrode 114,
wherein a space 116 is maintained between the first electrode
112 and the second electrode 114. The floating electrodes 120
are disposed on the second substrate SUB2 and above the
spaces 116. The liquid crystal layer 130 is located between the
first substrate SUBl and the second substrate SUB2, and the
liquid crystal layer 130 is optically isotropic when the first
electrode 112 and the second electrode 114 have no voltage
difference. In addition, the liquid crystal layer 130 is optically
anisotropic when the first electrode 112 and the second electrode 114 have a voltage difference therebetween.
It is noted that, in this embodiment, the birefringence (lrn)
of the liquid crystal layer 130 is, for example, in direct proportion to a square (E 2 ) of an electric field between the first
electrode 112 and the second electrode 114. For instance, the
liquid crystal layer 130 is a blue phase liquid crystal layer or
other liquid crystal layers having the aforementioned optical
property. The liquid crystal layer 130 may be a polymerstabilized blue phase liquid crystal layer.
The liquid crystal display 100 of this embodiment further
includes a first polarizer 140 and a second polarizer lSO,
wherein the first polarizer 140 is disposed on the first substrate SUBl and the second polarizer lSO is disposed on the
second substrate SUB2. To optimize the optical performance
of the liquid crystal display 100, persons with ordinary skill in
the art may selectively dispose at least one required optical
film (such as a phase retarder, a diffuser, etc.) on the first
substrate SUBl and/or the second substrate SUB2.
In this embodiment, the pixels 110 that are arranged in
array on the first substrate SUBl form a pixel array, and the
first electrode 112 and the second electrode 114 of each of the
pixels 110 are adapted for providing a transverse electric field
that is substantially parallel to the first substrate SUBl, so as
to drive the liquid crystal layer 130 and make the liquid crystal
layer 130 become optically anisotropic. As shown in FIG. 2,
each of the pixels 110 further includes an active device 118
electrically connected to the first electrode 112, and the second electrode 114 is electrically coupled to a common voltage
Vcom. In addition, the liquid crystal display 100 of this
embodiment further includes a plurality of scan lines SL and
a plurality of data lines DL disposed on the first substrate

US 9,025,120 B2
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SUBl, wherein each of the active devices 118 is electrically
connected to the corresponding scan line SL and the corresponding data line DL respectively.
The transverse electric field between the first electrode 112
and the second electrode 114 results from the voltage difference between the first electrode 112 and the second electrode
114. The voltage difference between the first electrode 112
and the second electrode 114 affects the orientation of the
liquid crystal molecules in the liquid crystal layer 130 and
consequently determines a transmittance of the liquid crystal
layer 130 between the first electrode 112 and the second
electrode 114. For example, because the second electrode 114
is electrically coupled to the common voltage V com (e.g. a
voltage source of a constant voltage or a voltage source of a
periodically-variable voltage), and the first electrode 112 is
electrically connected to the corresponding data line DL via
the active device 118, a data voltage V data transmitted by the
data line DL determines the transmittance of the liquid crystal
layer 130 between the first electrode 112 and the second
electrode 114.
In this embodiment, the first electrode 112 and the second
electrode 114 of the pixel 110 are both finger-shaped electrodes, for example. Each of the first electrodes 112 includes
a plurality of first strip branches 112a connected to each other,
and each of the second electrodes 114 includes a plurality of
second strip branches 114a connected to each other, wherein
the first strip branches 112a and the second strip branches
ll4a are alternately arranged on the first substrate SUBl. In
this embodiment, a material of the first electrode 112 and the
second electrode 114 includes a metal or a conductive oxide.
For instance, the first electrode 112 and the second electrode
114 may be composed of a single metal layeror an alloy layer.
The first electrode 112 and the second electrode 114 may also
be formed by stacking multiple metal layers or multiple alloy
layers. In addition, the aforementioned conductive oxide is
indium tin oxide (ITO), indium zinc oxide (IZO), or indiumgallium-zinc oxide (IGZO), for example.
As shown in FIG. 1, each of the first strip branches 112a
includes a first bottom surface Bl in contact with the first
substrate SUBl and a first top surface Tl opposite to the first
bottom surface Bl. Each of the second strip branches 114a
includes a second bottom surface B2 in contact with the first
substrate SUBl and a second top surface T2 opposite to the
second bottom surface B2, wherein an area of the first bottom
surface B 1 is larger than an area of the first top surface Tl, and
an area of the second bottom surface B2 is larger than an area
of the second top surface T2. In addition, each of the first strip
branches 112a includes a plurality of first side surfaces Sl
connected with the first bottom surface Bl and the first top
surface Tl. Each of the second strip branches 114a includes a
plurality of second side surfaces S2 connected with the second bottom surface B2 and the second top surface T2,
wherein the first side surface Sl is an inclined plane, and the
second side surface S2 is an inclined plane.
For example, the first bottom surface Bl of the first strip
branch 112a and the second bottom surface B2 of the second
strip branch 114a have the same width, and the widths of the
first bottom surface Bl and the second bottom surface B2 are
respectively in a range of 1 to 10 micrometers. The first top
surface Tl of the first strip branch 112a and the second top
surface T2 of the second strip branch 114a have the same
width, for example, and the widths of the first top surface Tl
and the second top surface T2 are respectively in a range of
0.1 to 10 micrometers.
As shown in FIG. 1 and FIG. 2, each of the floating electrodes 120 partially overlaps with the adjacent first electrode
112 and second electrode 114. For instance, each of the float-

ing electrodes 120 has a width WO, an overlapping width of
each floating electrode 120 and the adjacent first electrode
112 is Wl, and an overlapping width of each floating electrode 120 and the adjacent second electrode 114 is W2. That
is, the width WO of the floating electrode 120 is larger than the
space 116(G) between the first electrode 112 and the second
electrode 114, and WO, Wl, and W2 satisfy the following
relations:
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O<Wl/W0,;0.5; and
O<W2/W0,;0.5.
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In an applicable embodiment of the disclosure, Wl may be
equal to W2. Moreover, 0.01 <Wl/WOs0.5 and 0.01 <W2/
WOs0.5.
As shown in FIG. 1 and FIG. 2, the width of each of the
floating electrodes 120 is WO, and the space 116 between the
first electrode 112 and the second electrode 114 is G, wherein
O.lsG/WO<l. In this embodiment, the space 116(G) is for
example in a range of 2-10 micrometers, and the width WO of
the floating electrode 120 is, for example, in a range of 2-10
micrometers.
However, according to the disclosure, the floating electrode 120 is not restricted to be overlapped with the adjacent
first electrode 112 and second electrode 114. In other words,
each of the floating electrodes 120 may not overlap with the
adjacent first electrode 112 and second electrode 114. That is,
the width WO of the floating electrode 120 is smaller than the
space 116(G) between the first electrode 112 and the second
electrode 114, wherein the width of each floating electrode
120 is WO, the space between the adjacent first electrode 112
and second electrode 114 is G, and lsG/WOs2, as shown in
FIG. l'.
For example, the width WO of the floating electrode 120 is
in a range of 2.4-4.8 micrometers, and the space G between
the first electrode 112 and the second electrode 114 is in a
range of 2.4-4.8 micrometers.
In this embodiment, a thickness of each of the first electrodes 112 and each of the second electrodes 114 in the pixels
110 is T, for example. A distance between the first substrate
SUBl and the second substrate SUB2 is d, wherein O.lsT/
ds0.9. In this embodiment, the thickness T of the first electrode 112 and the second electrode 114 is, for example, in a
range of 0.5-8 micrometers, and the distance d between the
first substrate SUBl and the second substrate SUB2 is in a
range of 1-12 micrometers, for example.
With reference to FIG. 3, when the plurality of pixels 110
are arranged in array on the first substrate SUBl, the second
electrodes 114 of the pixels 110 in the same row are electrically connected to each other and simultaneously electrically
coupled to the common voltage V com. In addition, the first
electrodes 112 of the pixels 110 in the same row are electrically connected only to the corresponding data lines DL via
the corresponding active devices 118 and are electrically
insulated from each other.
FIG. 4 is a schematic cross-sectional view of a liquid crystal display according to another embodiment of the disclosure. Referring to FIG. 4, a liquid crystal display lOOa of this
embodiment is similar to the liquid crystal display 100 of
FIG. 1 except that the first side surface Sl of the first electrode
112 is a curved plane and the second side surface S2 of the
second electrode 114 is a curved plane as well.
It is noted that, in this embodiment, the floating electrode
120 is not restricted to be overlapped with the adjacent first
electrode 112 and second electrode 114. In other words, each
of the floating electrodes 120 may not overlap with the adjacent first electrode 112 and second electrode 114.

US 9,025,120 B2
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FIG. SA and FIG. SB are schematic cross-sectional views
of a liquid crystal display according to yet other embodiment
of the disclosure. Referring to FIG. SA, a liquid crystal display lOOb of this embodiment is similar to the liquid crystal
display 100 of FIG. 1 except that each of the first electrodes
112 includes a first protruding structure Pl and a first conductive layer Cl covering the first protruding structure Pl,
and each of the second electrodes 114 includes a second
protruding structure P2 and a second conductive layer C2
covering the second protruding structure P2. For example, a
material of the first protruding structure Pl and the second
protruding structure P2 is a dielectric material, and a material
of the first conductive layer Cl and the second conductive
layer C2 is a metal, an alloy, a conductive oxide, or other
conductive materials. In addition, the aforementioned conductive oxide is indium tin oxide (ITO), indium zinc oxide
(IZO), or indium-gallium-zinc oxide (IGZO), for example.
It is noted that, in this embodiment, the floating electrode
120 is not restricted to be overlapped with the adjacent first
electrode 112 and second electrode 114. In other words, each
of the floating electrodes 120 may not overlap with the adjacent first electrode 112 and second electrode 114.
Referring to FIG. SB, a liquid crystal display lOOc of this
embodiment is similar to the liquid crystal display lOOb of
FIG. SA except that the first side surface Sl of the first
electrode 112 is a curved plane and the second side surface S2
of the second electrode 114 is a curved plane as well.
It is noted that, in this embodiment, the floating electrode
120 is not restricted to be overlapped with the adjacent first
electrode 112 and second electrode 114. In other words, each
of the floating electrodes 120 may not overlap with the adjacent first electrode 112 and second electrode 114.
FIG. 6A illustrates a distribution of equipotential lines of a
liquid crystal display without the floating electrode, and FIG.
6B illustrates a distribution of equipotential lines of a liquid
crystal display with the floating electrode. With reference to
FIG. 6A and FIG. 6B, the distribution of equipotential lines of
the liquid crystal display without the floating electrode (as
shown in FIG. 6A) are scattered while the distribution of
equipotential lines of the liquid crystal display with the floating electrode (as shown in FIG. 6B) are denser. The floating
electrode 120 enhances the electric field between the floating
electrode 120 and the first electrode 112 and the electric field
between the floating electrode 120 and the second electrode
114. Therefore, a combination of the first electrode 112, the
second electrode 114, and the floating electrode 120 reduces
the driving voltage for the liquid crystal display and improves
transmittance.
FIG. 7A illustrates a voltage-transmittance curve of the
liquid crystal display without the floating electrode, and FIG.
7B illustrates a voltage-transmittance curve of the liquid crystal display with the floating electrode. With reference to FIG.
7A and FIG. 7B, the liquid crystal display without the floating
electrode (as shown in FIG. 7A) has a transmittance of76.3%
when the driving voltage is 18 volts, and the liquid crystal
display with the floating electrode (as shown in FIG. 7B) has
a transmittance of 90.42% when the driving voltage is 22
volts. It is apparent that disposing the floating electrode 120
greatly improves the transmittance or display brightness of
the liquid crystal display without greatly increasing the driving voltage.
It will be apparent to those skilled in the art that various
modifications and variations can be made to the disclosed
embodiments without departing from the scope or spirit of the
disclosure. In view of the foregoing, it is intended that the

disclosure covers modifications and variations provided that
they fall within the scope of the following claims and their
equivalents.
What is claimed is:
1. A liquid crystal display, comprising:
a first substrate;
a plurality of pixels arranged in an array on the first substrate, wherein each of the pixels includes a first electrode and a second electrode, and a space is maintained
between the first electrode and the second electrode,
wherein the first electrode comprises a first bottom surface in contact with the first substrate, a first top surface
opposite to the first bottom surface and a plurality of first
side surfaces connected with the first bottom surface and
the first top surface, and each of the first side surfaces is
a curved plane or an inclined plane, and wherein the
second electrode comprises a second bottom surface in
contact with the first substrate, a second top surface
opposite to the second bottom surface and a plurality of
second side surfaces connected with the second bottom
surface and the second top surface, and each of the
second side surfaces is a curved plane or an inclined
plane;
a second substrate;
a plurality of floating electrodes disposed on the second
substrate and above the spaces, wherein a gap is maintained between any two adjacent floating electrodes, the
first top surface and the second top surface are aligned
with the gaps, and the floating electrodes partially overlap with the first side surfaces and the second side surfaces; and
a liquid crystal layer located between the first substrate and
the second substrate, wherein the liquid crystal layer is
optically isotropic when the first electrode and the second electrode have no voltage difference, and the liquid
crystal layer is optically anisotropic when the first electrode and the second electrode have a voltage difference
therebetween.
2. The liquid crystal display according to claim 1, wherein
each of the first electrodes comprises a plurality of first strip
branches connected with each other, each of the second electrodes comprises a plurality of second strip branches connected with each other, and the first strip branches and the
second strip branches are alternately arranged on the first
substrate.
3. The liquid crystal display according to claim 1, wherein
an area of the first bottom surface is larger than an area of the
first top surface, and an area of the second bottom surface is
larger than an area of the second top surface.
4. The liquid crystal display according to claim 1, wherein
the width of each floating electrode is WO, an overlapping
width of each floating electrode and the adjacent first electrode is Wl, an overlapping width of each floating electrode
and the adjacent second electrode is W2, and WO, Wl, and
W2 satisfy the following relations:
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S. The liquid crystal display according to claim 1, wherein
the width of each floating electrode is WO, and the space
between the adjacent first electrode and second electrode is G,
wherein O.lsG/WO<l.
6. The liquid crystal display according to claim 1, wherein
a thickness of each of the first electrodes and each of the
second electrodes is T, and a distance between the first substrate and the second substrate is d, wherein O.lsT/ds0.9.
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7. The liquid crystal display according to claim 1, wherein
a material of each of the first electrodes and each of the second
electrodes comprises a metal or a conductive oxide.

11. The liquid crystal display according to claim 10, further

8. The liquid crystal display according to claim 1, wherein
each of the first electrodes comprises a first protruding structure and a first conductive layer covering the first protruding
structure, and each of the second electrodes comprises a
second protruding structure and a second conductive layer
covering the second protruding structure.
9. The liquid crystal display according to claim 1, wherein
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a birefringence (lrn) of the liquid crystal layer is in direct
proportion to a square (E 2 ) of an electric field between the first
electrode and the second electrode.
10. The liquid crystal display according to claim 1, wherein
each of the pixels further comprises an active device electrically connected to the first electrode, and the second electrode
is electrically coupled to a common voltage.
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comprising a plurality of scan lines and a plurality of data
lines, wherein the scan lines and the data lines are disposed on
the first substrate, and each of the active devices is electrically
connected to the corresponding scan line and the corresponding data line respectively.
12. The liquid crystal display according to claim 1, further
comprising:
a first polarizer disposed on the first substrate; and
a second polarizer disposed on the second substrate.
13. The liquid crystal display according to claim 1, wherein
a width of the floating electrode is larger than the space
between the first electrode and the second electrode.
14. The liquid crystal display according to claim 1, wherein
a width of the first top surface and a width of the second top
surface is smaller than the gap between two adjacent floating
electrodes.

* * * * *

