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(57) ABSTRACT

A pixel structure of transparent LCD panel includes a pixel, a
pixel electrode and liquid crystal molecules. The pixel con-
sists of a first alignment region and a second alignment region
having different aligning directions. The pixel electrode
includes a main electrode disposed between the first align-
ment region and the second alignment region, and branch
electrodes. The main electrode is a bar-shaped electrode. A
portion of the branch electrodes are connected to one side of
the main electrode and extending along a first direction to the
first alignment region, another portion of the branch elec-
trodes are connected to the other side of the main electrode
and extending along a second direction to the second align-
ment region. The first direction and the second direction are
opposite and parallel, the an included angle between the first
direction and the gate line is between 45+10 degrees.
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PIXEL STRUCTURE OF TRANSPARENT
LIQUID CRYSTAL DISPLAY PANEL

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a pixel structure ofa
transparent liquid crystal display panel, and more particu-
larly, to a pixel structure of a transparent liquid crystal display
panel having high light transmittance and able to avoid back-
ground image blur problem.

[0003] 2. Description of the Prior Art

[0004] Due to the advantage of compact size, liquid crystal
display (LCD) panel has been broadly applied in various
types of electronic products such as smart phone, personal
digital assistant (PDA) and notebook computer. The LCD
panel, however, suffers from its disadvantage of narrow view-
ing angle, which limits the development of LCD panel. To
overcome the narrow viewing angle issue, a multi-domain
vertical alignment (MVA) LCD has been proposed.

[0005] The pixel structure of an MVA LCD panel includes
a plurality of alignment regions of different aligning direc-
tions, which gives wide viewing angle feature. The MVA
LCD panel, however, when applying in a transparent LCD
panel which can be switched between a transparent display
mode and an image display mode, the arrangement of liquid
crystal molecules in the plurality of alignment regions tends
to cause diffraction of light. Thus, the MVA LCD panel suf-
fers from background image blur problem in the transparent
display mode. In addition, the color saturation of image is
reduced under the influence of background light in the image
display mode.

SUMMARY OF THE INVENTION

[0006] It is therefore one of the objectives of the present
invention to provide a pixel structure of a transparent liquid
crystal display panel to solve background image blur prob-
lem.

[0007] According to an embodiment, a pixel structure of a
transparent liquid crystal display panel is provided. The pixel
structure of the transparent liquid crystal display panel
includes an array substrate, a gate line, a data line, a pixel
electrode, a counter substrate, a common electrode and a
plurality of liquid crystal molecules. The gate line and the
data line are disposed on the array substrate. The pixel con-
sists of at least one first alignment region and at least one
second alignment region, wherein the first alignment region
and the second alignment region of the pixel have different
aligning directions. The pixel electrode is disposed on the
array substrate and in the pixel. The pixel electrode comprises
at least one main electrode disposed between the first align-
ment region and the second alignment region, and a plurality
of branch electrodes, wherein the at least one main electrode
is substantially a bar-shaped electrode, a portion of the branch
electrodes are connected to one side of the at least one main
electrode and extending along a first direction to be disposed
in the first alignment region, the other portion of the branch
electrodes are connected to the other side of the at least one
main electrode and extending along a second direction to be
disposed in the second alignment region, and the first direc-
tion and the second direction are substantially opposite and in
parallel. A slit is formed between two adjacent branch elec-
trodes, and an included angle between the first direction and
the gate line is substantially between 35 degrees and 55
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degrees. The counter substrate faces the array substrate. The
common electrode is disposed on the counter substrate. The
liquid crystal molecules are disposed between the array sub-
strate and the counter substrate.

[0008] According to another embodiment, a pixel structure
of a transparent liquid crystal display panel is provided. The
pixel structure of the transparent liquid crystal display panel
includes an array substrate, a pixel and a plurality of liquid
crystal molecules. The pixel includes a white sub-pixel and a
color sub-pixel. The white sub-pixel consists of a first align-
ment region and a second alignment, the first alignment
region and the second alignment region of the white sub-pixel
having different aligning directions. The color sub-pixel com-
prises a first alignment region, a second alignment region, a
third alignment region and a fourth alignment region, and the
first alignment region, the second alignment region, the third
alignment region and the fourth alignment region of the color
sub-pixel have different aligning directions. The first align-
ment region of the color sub-pixel and the first alignment
region of the white sub-pixel have substantially the same
aligning direction, the second alignment region of the color
sub-pixel and the second alignment region of the white sub-
pixel have substantially the same aligning direction, and the
third alignment region and the fourth alignment region of the
color sub-pixel and the first alignment region and the second
alignment region of the white sub-pixel have different align-
ing directions. The liquid crystal molecules are disposed in
the pixel. In a transparent display mode, the first alignment
region and the second alignment region of the white sub-pixel
and the first alignment region and the second alignment
region of the color sub-pixel have a transparent display gray-
scale, and the third alignment region and the fourth alignment
region of the color sub-pixel have a non-transparent display
grayscale. In an image display mode, the first alignment
region and the second alignment region of the white sub-pixel
have the non-transparent display grayscale, and the first
alignment region, the second alignment region, the third
alignment region and the fourth alignment region of the color
sub-pixel have an image display grayscale, respectively,
based on an image to be displayed.

[0009] According to still another embodiment, a pixel
structure of a transparent liquid crystal display panel is pro-
vided. The pixel structure of the transparent liquid crystal
display panel includes an array substrate, a pixel and a plu-
rality of liquid crystal molecules. The pixel comprises a first
alignment region and a second alignment region. The liquid
crystal molecules are disposed in the pixel. In a transparent
display mode, the liquid crystal molecules disposed in the
first alignment region and the second alignment region have
substantially the same aligning direction. In an image display
mode, the liquid crystal molecules disposed in the first align-
ment region and the second alignment region have different
aligning directions.

[0010] According to yet another embodiment, a pixel struc-
ture of a transparent liquid crystal display panel is provided.
The pixel structure of the transparent liquid crystal display
panel includes a plurality of pixels and a plurality of active
switching devices. Each of the pixels comprises a first sub-
pixel configured to provide a first display image, and a second
sub-pixel configured to provide a second display image. A
color space coverage of the first display image is higher than
a color space coverage of the second display image. The
active switching devices are configured to control the first
sub-pixel and the second sub-pixel, respectively. In a trans-
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parent display mode, the first sub-pixel and the second sub-
pixel of each of the pixels have a transparent display gray-
scale. In an image display mode, the first sub-pixel of each of
the pixel has an image display grayscale based on an image to
be displayed, and the second sub-pixel of each of the pixels
has a non-transparent display grayscale.

[0011] According to another embodiment, a pixel structure
of a transparent liquid crystal display panel is provided. The
pixel structure of the transparent liquid crystal display panel
includes a first pixel and a second pixel. The first pixel is
disposed in a display region for providing a first display
image. The second pixel is disposed in a transparent region
for providing a second display image. A color space coverage
ofthe first display image is higher than a color space coverage
of the second display image

[0012] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in the
art after reading the following detailed description of the
preferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a schematic cross-sectional diagram of a
pixel structure of a transparent liquid crystal display panel
according to a first embodiment of the present invention.
[0014] FIG. 2is a schematic top view of a pixel structure of
a transparent liquid crystal display panel according to a first
embodiment of the present invention.

[0015] FIG. 3 schematically illustrates an array substrate of
a pixel structure of a transparent LCD panel according to a
first variant embodiment of the first embodiment.

[0016] FIG. 4 schematically illustrates a counter substrate
of a pixel structure of a transparent LCD panel according to a
first variant embodiment of the first embodiment.

[0017] FIG.5 schematically illustrates an array substrate of
a pixel structure of a transparent LCD panel according to a
second variant embodiment of the first embodiment.

[0018] FIG. 6 schematically illustrates a counter substrate
of a pixel structure of a transparent L.CD panel according to a
second variant embodiment of the first embodiment.

[0019] FIG.7 schematically illustrates an array substrate of
a pixel structure of a transparent LCD panel according to a
third variant embodiment of the first embodiment.

[0020] FIG. 8 schematically illustrates a counter substrate
of a pixel structure of a transparent LCD panel according to a
third variant embodiment of the first embodiment.

[0021] FIG. 9 is a schematic diagram illustrating a pixel
structure of a transparent liquid crystal display panel accord-
ing to another variant embodiment of a first embodiment of
the present invention.

[0022] FIG. 10 is a schematic diagram illustrating a pixel
structure of a transparent liquid crystal display panel accord-
ing to still another variant embodiment of a first embodiment
of the present invention.

[0023] FIG. 11 is a schematic diagram illustrating a pixel
electrode of a pixel structure of a transparent LCD panel of a
second embodiment of the present invention.

[0024] FIG. 12 is a schematic diagram illustrating a pixel
structure of a transparent LCD panel of a second embodiment
of the present invention in an image display mode.

[0025] FIG. 13 is a schematic diagram illustrating a pixel
structure of a transparent LCD panel of a second embodiment
of the present invention in a transparent display mode.
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[0026] FIG. 14 is a schematic diagram illustrating a pixel
electrode of a pixel structure of a transparent LCD panel of a
variant embodiment of a second embodiment of the present
invention.

[0027] FIG. 15 is a schematic diagram illustrating a pixel
structure of a transparent LCD panel of a variant embodiment
of a second embodiment of the present invention.

[0028] FIG. 16 is a schematic diagram of a pixel structure
of a transparent LCD panel according to a third embodiment
of the present invention.

[0029] FIG. 17 is a schematic diagram illustrating a pixel
structure of a transparent LCD panel of a third embodiment of
the present invention in an image display mode.

[0030] FIG. 18 is a schematic diagram illustrating a pixel
structure of a transparent LCD panel of a third embodiment of
the present invention in a transparent display mode.

[0031] FIG. 19 is a schematic diagram illustrating a pixel
structure of a transparent LCD panel of a fourth embodiment
of the present invention.

[0032] FIG. 20 depicts several different configurations of a
pixel structure of a transparent LCD panel of this embodi-
ment.

[0033] FIG. 21 depicts several other different configura-
tions of a pixel structure of a transparent LCD panel of this
embodiment.

[0034] FIG. 22 illustrates a relation between NTSC color
space coverage and an area ratio of white sub-pixel to pixel.
[0035] FIG. 23 is a schematic diagram illustrating a pixel
structure of a transparent LCD panel of a variant embodiment
of a fourth embodiment of the present invention.

[0036] FIG. 24 illustrates a relation between NTSC color
space coverage and thickness of color filter.

[0037] FIG. 25 is a schematic diagram illustrating a pixel
structure of a transparent LCD panel of a fifth embodiment of
the present invention.

[0038] FIG. 26 is a schematic diagram illustrating a pixel
structure of a transparent LCD panel of a first variant embodi-
ment of a fifth embodiment of the present invention.

[0039] FIG. 27 is a schematic diagram illustrating a pixel
structure of a transparent LCD panel of a second variant
embodiment of a fifth embodiment of the present invention.

DETAILED DESCRIPTION

[0040] To provide a better understanding of the present
invention to the skilled users in the technology of the present
invention, preferred embodiments will be detailed as follows.
The preferred embodiments of the present invention are illus-
trated in the accompanying drawings with numbered ele-
ments to elaborate the contents and effects to be achieved.

[0041] Please refer to FIG. 1 and FIG. 2. FIG. 1 is a sche-
matic cross-sectional diagram of a pixel structure of a trans-
parent liquid crystal display panel according to a first embodi-
ment of the present invention, and FIG. 2 is a schematic top
view of a pixel structure of a transparent liquid crystal display
panel according to a first embodiment of the present inven-
tion. As shown in FIG. 1 and FIG. 2, the pixel structure 1 of the
transparent LCD panel of this embodiment includes an array
substrate 10, a gate line GL, a data line DL, an active switch-
ing device SW, a pixel electrode 12, a counter substrate 20, a
common electrode 22 and liquid crystal molecules LC. The
counter substrate 20 faces the array substrate 10, and the
liquid crystal molecules LC are interposed between the array
substrate 10 and the counter substrate 20. The liquid crystal
molecules LC include vertically-aligned mode (VA mode)
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liquid crystal molecules, but not limited thereto. The gate line
GL, the data line DL, the active switching device SW and the
pixel electrode 12 are disposed on the array substrate 10. The
gate line GL is disposed along a first extension direction dx,
the data line DL is disposed along a second extension direc-
tion dy, and the gate line GL and the data line DL are sub-
stantially intersected perpendicularly, thereby defining a
pixel P. The active switching device SW may be, for example,
a thin film transistor device, but not limited thereto. The gate
electrode is electrically connected to the gate line GL, the
source electrode is electrically connected to the data line DL,
and the drain electrode is electrically connected to the pixel
electrode 12. The pixel electrode 12 may include a transparent
electrode e.g. an indium tin oxide (ITO) electrode, but not
limited thereto. The pixel P consists of at least one first align-
ment region 141 and at least one second alignment region
142, and the first alignment region 141 and the second align-
ment region 142 of the pixel P have different aligning direc-
tions. The pixel P does not includes any alignment region of
another aligning direction different from that ofthe first align-
ment region 141 and that of the second alignment region 142.
The common electrode 22 is disposed on the counter sub-
strate 20. The common electrode 22 may include a transpar-
ent electrode e.g. an ITO electrode, but not limited thereto.
The pixel structure 1 of the transparent LCD panel of this
embodiment may further include other necessary devices (not
shown) for implementing its display function such as align-
ment film, polarizer, color filter, light-shielding layer, storage
capacitor line, etc, and the function and arrangement of the
aforementioned devices are known and not redundantly
described.

[0042] Thepixel electrode 12 is disposed in the pixel P, and
the pixel electrode 12 includes at least one main electrode
12M disposed between the first alignment region 141 and the
second alignment region 142, and a plurality of branch elec-
trodes 12B. The main electrode 12M is substantially a bar-
shaped electrode. In this embodiment, the main electrode
12M and the data line DL are arranged in parallel manner, 1.e.
the main electrode 12M and the data line DL are disposed
substantially in parallel. A portion of the branch electrodes
12B are connected to one side of the main electrode 12M and
extending along a first direction d1 to be disposed in the first
alignment region 141, and the other portion of the branch
electrodes 12B are connected to the other side of the main
electrode 12M and extending along a second direction d2 to
be disposed in the second alignment region 142. In addition,
a slit 128 is formed between any two adjacent branch elec-
trodes 12B, where the slit 12S disposed in the first alignment
region 141 is disposed along the first direction d1, and the slit
12S disposed in the second alignment region 142 is disposed
along the second direction d2. The first direction d1 and the
second direction d2 are substantially opposite and in parallel,
and an included angle o between the first direction d1 and the
first extension direction dx of the gate line GL is substantially
between 35 degrees and 55 degrees i.e. between 4510
degrees, but not limited thereto. In this embodiment, the main
electrode 12M is substantially parallel to the second exten-
sion direction dy of the data line DL, but not limited thereto.
Also, the difference between an azimuth angle 1 of a long
axis of the liquid crystal molecules LC disposed in the first
alignment region 141 and an azimuth angle 2 of a long axis
of the liquid crystal molecules LC disposed in the second
alignment region 142 is substantially 180 degrees, as shown
in FIG. 2. In addition, to improve the aligning effect on the
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liquid crystal molecules LC, the pixel structure 1 of the trans-
parent LCD panel may optionally include a protrusion struc-
ture 24 disposed on the counter substrate 20 and correspond-
ing to the main electrode 12M.

[0043] The pixel structure 1 of the transparent LCD panel
of this embodiment only includes the first alignment region
141 and the second alignment region 142, which means the
liquid crystal molecules LC are aligned only along the first
direction d1 and the second direction d2. Consequently, the
background image blur problem due to too many alignment
regions will not occur. As aresult. the viewer can see clearand
distinct images from the front side of the pixel structure 1 of
the transparent LCD panel of this embodiment, i.e. display
quality in a transparent display mode is improved. In addition,
since the first direction d1 and the second direction d2 are
substantially opposite and in parallel, and the first alignment
region 141 and the second alignment region 142 are substan-
tially equal in size, the pixel structure 1 of the transparent
LCD panel of this embodiment has symmetrical viewing
angle.

[0044] The pixel structure of the transparent LCD panel is
not limited by the aforementioned embodiment, and may
have other different embodiments. To simplify the descrip-
tion, the identical components in each of the following
embodiments are marked with identical symbols. For making
it easier to compare the difference between the embodiments,
the following description will detail the dissimilarities among
different embodiments and the identical features will not be
redundantly described.

[0045] Please refer to FIG. 3 and FIG. 4, as well as FIG. 1.
FIG. 3 schematically illustrates an array substrate of a pixel
structure of a transparent LCD panel according to a first
variant embodiment of the first embodiment, and FIG. 4
schematically illustrates a counter substrate of a pixel struc-
ture of a transparent LCD panel according to a first variant
embodiment of the first embodiment. As shown in FIG. 3, in
the pixel structure 2 of the transparent LCD panel of the first
variant embodiment, the pixel P includes a plurality of sub-
pixels SP, each sub-pixel SP consists of the first alignment
region 141 and the second alignment region 142, and a plu-
rality of main electrodes 12M are disposed in the sub-pixels
SP, respectively. Each of the main electrodes 12M is disposed
along a diagonal line of the corresponding sub-pixel SP, i.e.
each of the main electrodes 12M and the data line DL are
arranged in non-parallel and non-perpendicular manner. In
addition, at least a portion of the sub-pixels SP have different
areas, and at least a portion of the main electrodes 12M are
arranged in non-parallel manner. For example, in the first
variant embodiment, the pixel P includes two sub-pixels SP
unequal in size, where one of the sub-pixels SP is substan-
tially square in shape, while the other sub-pixel SP is substan-
tially rectangular in shape. The main electrode 12M is dis-
posed diagonally in the corresponding sub-pixel SP. Since
these two sub-pixels SP are not equal in size, these two main
electrodes 12M are not disposed in parallel. The included
angle between the main electrode 12M and the branch elec-
trode 12B is greater than zero degree and less than 180
degrees depending on the area of the sub-pixel SP. Each
sub-pixel SP is divided into the first alignment region 141 and
the second alignment region 142 by the main electrode 12M.
In the first alignment region 141 of all the sub-pixels SP, the
branch electrodes 12B and the slits 12S are all disposed along
the first direction d1, and in the second alignment region 142
of all the sub-pixels SP, the branch electrodes 12B and the slits
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128 are all disposed along the second direction d2. The dif-
ference between an azimuth angle p1 of a long axis of the
liquid crystal molecules LC disposed in the first alignment
region 141 and an azimuth angle f2 of a long axis of the liquid
crystal molecules LC disposed in the second alignment
region 142 is substantially 180 degrees, as shown in FIG. 3.
Furthermore, the pixel electrodes 12 disposed in different
sub-pixels SP may be connected directly or indirectly via
other conducting wire (not shown). As shown in FIG. 4, to
improve the aligning effect on the liquid crystal molecules
LC, the pixel structure 2 of the transparent LCD panel may
optionally include a plurality of protrusion structures 24 dis-
posed on the counter substrate 20 and corresponding to the
main electrodes 12M, respectively.

[0046] Please refer to FIG. 5 and FIG. 6, as well as FIG. 1.
FIG. 5 schematically illustrates an array substrate of a pixel
structure of a transparent LCD panel according to a second
variant embodiment of the first embodiment, and FIG. 6
schematically illustrates a counter substrate of a pixel struc-
ture of a transparent LCD panel according to a second variant
embodiment of the first embodiment. As shown in FIG. 5, in
the pixel structure 3 of the transparent LCD panel of the
second variant embodiment, the pixel P includes a plurality of
sub-pixels SP, each sub-pixel SP consists of the first align-
ment region 141 and the second alignment region 142, and a
plurality of main electrodes 12M are disposed in the sub-
pixels SP, respectively. Each of the main electrodes 12M is
disposed along a diagonal line of the corresponding sub-pixel
SP, the sub-pixels SP have the area, and the main electrodes
12M are disposed in parallel. For example, in the second
variant embodiment, the pixel P includes three sub-pixels SP
which are all equal in size, and each sub-pixel SP is substan-
tially square in shape. The main electrode 12M is disposed
diagonally in the corresponding sub-pixel SP. Since these
three sub-pixels SP are equal in size, these three main elec-
trodes 12M are disposed in parallel, and the included angle
between the main electrode 12M and the gate line GL is
substantially equal to 45 degrees. In addition, each sub-pixel
SP is divided into the first alignment region 141 and the
second alignment region 142 by the main electrode 12M. In
the first alignment region 141 of all the sub-pixels SP, the
branch electrodes 12B and the slits 123 are all disposed along
the first direction d1, and in the second alignment region 142
of all the sub-pixels SP, the branch electrodes 12B and the slits
128 are all disposed along the second direction d2. The dif-
ference between an azimuth angle p1 of a long axis of the
liquid crystal molecules LC disposed in the first alignment
region 141 and an azimuth angle 2 of a long axis of the liquid
crystal molecules LC disposed in the second alignment
region 142 is substantially 180 degrees, as shown in FIG. 5.
Furthermore, the pixel electrodes 12 disposed in different
sub-pixels SP may be connected directly or indirectly via
other conducting wire (not shown). As shown in FIG. 6, to
improve the aligning effect on the liquid crystal molecules
LC, the pixel structure 3 of the transparent LCD panel may
optionally include a plurality of protrusion structures 24 dis-
posed on the counter substrate 20 and corresponding to the
main electrodes 12M, respectively.

[0047] Please refer to FIG. 7 and FIG. 8, as well as FIG. 1.
FIG. 7 schematically illustrates an array substrate of a pixel
structure of a transparent LCD panel according to a third
variant embodiment of the first embodiment, and FIG. 8
schematically illustrates a counter substrate of a pixel struc-
ture of a transparent LCD panel according to a third variant
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embodiment of the first embodiment. As shown in FIG. 7, in
the pixel structure 4 of the transparent LCD panel of the third
variant embodiment, the main electrodes 12M are disposed in
parallel, and the branch electrodes 12B are connected to both
sides of the main electrodes 12M. The branch electrodes 12B
disposed between two adjacent main electrodes 12M are
symmetrically arranged, i.e. one branch electrode 12B is cor-
responding to one corresponding branch electrode 12B, and
one slit 128 is corresponding to one corresponding slit 12S.
The branch electrodes 12B substantially have the same
length, and the length of the branch electrode 12B is shorter
than the width of the main electrode 12M. Additionally, the
branch electrodes 12B disposed at two of the corner regions
of the pixel P have unequal length design. In the pixel struc-
ture 4 of the transparent LCD panel of the third variant
embodiment, the protrusion structures 24 are disposed on at
least one of the array substrate 10 and the counter substrate
20. For example, the protrusion structures 24 may be disposed
on the array substrate 10 as shown on FIG. 7, disposed on the
counter substrate 20 as shown in FIG. 8, or disposed on both
the array substrate 10 and the counter substrate 20.

[0048] Pleaserefer to FIG. 9. FIG. 9 is a schematic diagram
illustrating a pixel structure of a transparent liquid crystal
display panel according to another variant embodiment of a
first embodiment of the present invention. As shown in FIG. 9,
in this variant embodiment, the pixel structure 5 of the trans-
parent LCD panel may further include a color filter pattern CF
disposed on a surface of the counter substrate 20 facing the
array substrate 10. That is to say, the pixel P may include a
color sub-pixel, and thus the pixel structure 5 of the transpar-
ent LCD panel may include a plurality of pixels P configured
to provide different colors. For example, the pixel structure 5
of the transparent LCD panel may include pixels for display-
ing three different colors e.g. red pixels, green pixels and blue
pixels, or include pixels for displaying four different colors
e.g. red pixels, green pixels, blue pixels and yellow pixels; or
include pixels for displaying three different colors e.g. red
pixels, green pixels and blue pixels, and a white pixel (as
shown in FIG. 1). In addition, the arrangement of the main
electrode 12M, the branch electrode 12B and the slit 12S of
the pixel electrode 12 may be selected from the embodiments
of FIGS. 2, 3, 5 and 7. Furthermore, a light-shielding pattern
(not shown) may be disposed between adjacent pixels P, and
the light-shielding pattern may be disposed on the counter
substrate 20 or the array substrate 10.

[0049] Please refer to FIG. 10. FIG. 10 is a schematic
diagram illustrating a pixel structure of a transparent liquid
crystal display panel according to still another variant
embodiment of a first embodiment of the present invention.
As shown in FIG. 10, in this variant embodiment, the pixel
structure 6 of the transparent LCD panel may further include
a color filter pattern CF disposed on a surface of the array
substrate 10 facing the counter substrate 20. That is to say, the
pixel P may include a color sub-pixel, and thus the pixel
structure 6 of the transparent LCD panel may include a plu-
rality of pixels P configured to provide different colors. For
example, the pixel structure 6 of the transparent LCD panel
may include pixels for displaying three different colors e.g.
red pixels, green pixels and blue pixels, or include pixels for
displaying four different colors e.g. red pixels, green pixels,
blue pixels and yellow pixels; or include pixels for displaying
three different colors e.g. red pixels, green pixels and blue
pixels, and a white pixel (as shown in FIG. 1). In addition, the
arrangement of the main electrode 12M, the branch electrode
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12B and the slit 12S of the pixel electrode 12 may be selected
from the embodiments of FIGS. 2, 3, 5 and 7. Furthermore, a
light-shielding pattern (not shown) may be disposed between
adjacent pixels P, and the light-shielding pattern may be dis-
posed on the counter substrate 20 or the array substrate 10.

[0050] Ineach variantembodiment of the firstembodiment,
the pixel includes only two alignment regions, i.e. the liquid
crystal molecules are aligned only along the first aligning
direction and the second aligning direction. Consequently, no
background image blur problem due to too many alignment
regions will occur. Thus, the viewer can see clear and distinct
images from the front side of the pixel structure of the trans-
parent LCD panel of this embodiment, and display quality in
a transparent display mode is improved.

[0051] Please refer to FIGS. 11-13. FIG. 11 is a schematic
diagram illustrating a pixel electrode of a pixel structure of a
transparent LCD panel of a second embodiment of the present
invention, FIG. 12 is a schematic diagram illustrating a pixel
structure of a transparent LCD panel of a second embodiment
of the present invention in an image display mode, and FIG.
13 is a schematic diagram illustrating a pixel structure of a
transparent LCD panel of a second embodiment of the present
invention in a transparent display mode. As shown in FIGS.
11-13, the pixel structure 40 of the transparent LCD panel of
the second embodiment includes an array substrate 42, a
plurality of gate lines GL, a plurality of data lines DL, a first
active switching device SW1, a second active switching
device SW2, a third active switching device SW3, a plurality
of pixels P and liquid crystal molecules LC (not shown in
FIG. 11). The liquid crystal molecules L.C are disposed in the
pixels P, and the liquid crystal molecules LC include verti-
cally-aligned mode (VA mode) liquid crystal molecules, but
not limited thereto. The pixel P includes a white sub-pixel W
and a color sub-pixel C. The white sub-pixel W consists of a
first alignment region 441 and a second alignment region 442
having different aligning directions. A pixel electrode 12 is
disposed in the white sub-pixel W, and the pixel electrode 12
includes a main electrode 12M disposed between the first
alignment region 441 and the second alignment region 442,
and a plurality of branch electrodes 12B connected to both
sides of the main electrode 12M and extending to the first
alignment region 441 and the second alignment region 442,
respectively. The color sub-pixel C may be for example a red
sub-pixel, a green sub-pixel, a blue sub-pixel or a sub-pixel of
any other color. The color sub-pixel C includes more than two
alignment regions e.g. a first alignment region 461, a second
alignment region 462, a third alignment region 463 and a
fourth alignment region 464. A pixel electrode 12 is disposed
in the color sub-pixel C, and the pixel electrode 12 includes
two main electrodes 12M, and a plurality of branch electrodes
12B connected to both sides of the main electrodes 12B and
extending to the first alignment region 461, the second align-
ment region 462, the third alignment region 463 and the
fourth alignment region 464, respectively. The number of
alignment regions of the color sub-pixel C is not limited to
four, and may be for example three, five or more. The first
alignment region 461, the second alignment region 462, the
third alignment region 463 and the fourth alignment region
464 of the color sub-pixel C have different aligning direc-
tions. The first alignment region 461 of the color sub-pixel C
and the first alignment region 441 of the white sub-pixel W
have substantially the same aligning direction, the second
alignment region 462 of the color sub-pixel C and the second
alignment region 442 of the white sub-pixel W have substan-
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tially the same aligning direction, and the third alignment
region 463 and the fourth alignment region 464 of the color
sub-pixel C and the first alignment region 441 and the second
alignment region 442 of the white sub-pixel W have different
aligning directions. The pixel structure 40 of the transparent
LCD panel of this embodiment may further include other
necessary devices (not shown) for implementing its display
function such as alignment film, polarizer, color filter, light-
shielding layer, storage capacitor line, etc, and the function
and arrangement of the aforementioned devices are known
and not redundantly described.

[0052] AsshowninFIG. 12, inthe image display mode, the
first alignment region 441 and the second alignment region
442 of the white sub-pixel W have non-transparent display
grayscale e.g. zero grayscale. For example, when the trans-
parent LCD panel is a normally black (NB)display panel, and
the upper and lower polarizers are orthogonally arranged, the
liquid crystal molecules LC are not driven by electric voltage
and thus are standing. Accordingly, non-transparent display
effect can be implemented because light cannot penetrate
through the first alignment region 441 and the second align-
ment region 442. Meanwhile, the first alignment region 461,
the second alignment region 462, the third alignment region
463 and the fourth alignment region 464 of the color sub-pixel
C have an image display grayscale, respectively, based on an
image to be displayed. In other words, in the image display
mode, all of the alignment regions of the color sub-pixel C
may be turned, and have predetermined image display gray-
scales respectively based on the image to be displayed. Thus,
in the image display mode, the liquid crystal molecules LC of
the pixel structure 40 of the transparent LCD panel are multi-
domain aligned (e.g. four domain aligned), and images of
wide viewing angle can be provided. In the image display
mode, a difference between the azimuth angle 01 ofthe long
axis of the liquid crystal molecules LC disposed in the first
alignment region 461 of the color sub-pixel C and an azimuth
angle 03 of a long axis of the liquid crystal molecules LC
disposed in the third alignment region 463 of the color sub-
pixel C is substantially 90 degrees, a difference between the
azimuth angle 63 of the long axis of the liquid crystal mol-
ecules LC disposed in the third alignment region 463 of the
color sub-pixel C and the azimuth angle 62 of the long axis of
the liquid crystal molecules LC disposed in the second align-
ment region 462 of the color sub-pixel C is substantially 90
degrees, a difference between the azimuth angle 62 of the
long axis of the liquid crystal molecules LC disposed in the
second alignment region 462 of the color sub-pixel and an
azimuth angle 64 of a long axis of the liquid crystal molecules
LC disposed in the fourth alignment region 464 of the color
sub-pixel C is substantially 90 degrees, and a difference
between the azimuth angle 84 of the long axis of the liquid
crystal molecules LC disposed in the fourth alignment region
464 of the color sub-pixel C and the azimuth angle 81 of the
long axis of the liquid crystal molecules LC disposed in the
first alignment region 461 of the color sub-pixel C is substan-
tially 90 degrees. For example, the azimuth angle 61 is sub-
stantially 45 degrees, the azimuth angle 62 is substantially
225 degrees, the azimuth angle 63 is substantially 135
degrees, and the azimuth angle 64 is substantially 315
degrees, but not limited thereto.

[0053] As shown in FIG. 13, in the transparent display
mode, the first alignment region 441 and the second align-
ment region 442 of the white sub-pixel W and the first align-
ment region 461 and the second alignment region 462 of the
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color sub-pixel C have a transparent display grayscale e.g. a
maximum grayscale, and the third alignment region 463 and
the fourth alignment region 464 of the color sub-pixel C have
a non-transparent display grayscale e.g. a zero grayscale. In
other words, in the transparent display mode, the first align-
ment region 441 and the second alignment region 442 of the
white sub-pixel W are both turned, and the first alignment
region 461 and the second alignment region 462 of the color
sub-pixel C, which have the same aligning direction as the
first alignment region 441 and the second alignment region
442 of the white sub-pixel W, are also both turned on, while
the third alignment region 463 and the fourth alignment
region 464 of the color sub-pixel C, which have different
aligning directions from the first alignment region 441 and the
second alignment region 442 of the white sub-pixel W, are
turned off. In the transparent display mode, a difference
between an azimuth angle y1 of a long axis of the liquid
crystal molecules LC disposed in the first alignment region
441 of the white sub-pixel W and an azimuth angle y2 of a
long axis of the liquid crystal molecules LC disposed in the
second alignment region 442 of the white sub-pixel W is
substantially 180 degrees, and a difference between an azi-
muth angle 61 of a long axis of the liquid crystal molecules
LC disposed in the first alignment region 461 of the color
sub-pixel C and an azimuth angle 62 of a long axis of the
liquid crystal molecules LC disposed in the second alignment
region 462 of the color sub-pixel C is substantially 180
degrees. In addition, the azimuth angle y1 and the azimuth
angle 01 are substantially the same, and the azimuth angle y2
and the azimuth angle 82 are substantially the same. For
example, the azimuth angle y1 and the azimuth angle 61 are
both substantially 45 degrees, and the azimuth angle y2 and
the azimuth angle 62 are both substantially 225 degrees, but
not limited thereto.

[0054] As shown in FIG. 11, in order to independently
control the first alignment region 441 and the second align-
ment region 442 of the white sub-pixel W and the first align-
ment region 461, the second alignment region 462, the third
alignment region 463 and the fourth alignment region 464 of
the color sub-pixel C, the first alignment region 441 and the
second alignment region 442 of the white sub-pixel W may be
controlled by the first active switching device SW1, the first
alignment region 461 and the second alignment region 462 of
the color sub-pixel C can be controlled by the second active
switching device SW2, and the third alignment region 463
and the fourth alignment region 464 of the color sub-pixel C
canbe controlled by the third active switching device SW3. In
a variant embodiment, the first alignment region 441 and the
second alignment region 442 of the white sub-pixel W and the
first alignment region 461, the second alignment region 462,
the third alignment region 463 and the fourth alignment
region 464 of the color sub-pixel C can be controlled by a
plurality of active switching devices, respectively.

[0055] By virtue of the aforementioned arrangement and
driving method, in the transparent display mode, the liquid
crystal molecules only have two aligning directions, which
can avoid the background image blur problem caused by too
many aligning directions. Thus, the viewer can see clear and
distinct images from the front side of the pixel structure of the
transparent LCD panel of this embodiment, and display qual-
ity in a transparent display mode is improved. In another
aspect, in the image display mode, the liquid crystal mol-
ecules are multi-domain aligned, which can provide an image
of wide viewing angle. The pixel structure 40 of the transpar-
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ent LCD panel of this embodiment can selectively provide
only the transparent display mode, only the image display
mode, or locally provide the transparent display mode and
locally provide the image display mode at the same time.

[0056] Please refer to FIG. 14 and FIG. 15. FIG. 14 is a
schematic diagram illustrating a pixel electrode of a pixel
structure of a transparent LCD panel of a variant embodiment
of a second embodiment of the present invention, and FIG. 15
is a schematic diagram illustrating a pixel structure of a trans-
parent LCD panel of a variant embodiment of a second
embodiment of the present invention. As shown in FI1G. 14
and F1G. 15, in the pixel structure 40" of the transparent LCD
panel of the variant embodiment, the pixel P includes a white
sub-pixel W and a color sub-pixel C. The white sub-pixel W
consists of a first alignment region 441 and a second align-
ment region 442 having different aligning directions. A pixel
electrode 12 is disposed in the white sub-pixel W, and the
pixel electrode 12 includes a main electrode 12M disposed
between the first alignment region 441 and the second align-
ment region 442, and a plurality of branch electrodes 12B
connected to both sides of the main electrode 12M and
extending to the first alignment region 441 and the second
alignment region 442, respectively. The color sub-pixel C
includes a first alignment region 461, a second alignment
region 462, a third alignment region 463 and a fourth align-
ment region 464. A pixel electrode 12 is disposed in the color
sub-pixel C, and the pixel electrode 12 includes two main
electrodes 12M, and a plurality of branch electrodes 12B
connected to both sides of the main electrodes 12B and
extending to the first alignment region 461, the second align-
ment region 462, the third alignment region 463 and the
fourth alignment region 464, respectively. The arrangement
of alignment regions of the pixel structure 40" of the transpar-
ent LCD panel of the variant embodiment is different from
that in the second embodiment, but the pixel structure 40' of
the transparent LCD panel of the variant embodiment can be
driven by the same driving method to have only two align-
ment regions in the transparent display mode for avoiding
background blur problem and to have multiple alignment
domains in the image display mode for providing wide view
angle effect. The number of alignment regions of the color
sub-pixel C is not limited to four, and may be for example
three, five or more.

[0057] Please refer to FIG. 16. FIG. 16 is a schematic
diagram of a pixel structure of a transparent LCD panel
according to a third embodiment of the present invention. As
shown in FIG. 16, the pixel structure 50 of the transparent
LCD panel of this embodiment includes an array substrate 52,
apixel P, liquid crystal molecules L.C, a first active switching
device SWI, a first pixel electrode 541, a second active
switching device SW2 and a second pixel electrode 542. The
liquid crystal molecules LC are disposed in the pixel P, and
the liquid crystal molecules LC include anti-ferroelectric lig-
uid crystal molecules, but not limited thereto. The pixel P
includes a first alignment region 561 and a second alignment
region 562. The first active switching device SW1 is disposed
on the array substrate 52, and the first pixel electrode 541 is
disposed on the array substrate 52 in the first alignment region
561 and electrically connected to the first active switching
device SW1. The second active switching device SW2 is
disposed on the array substrate 52, and the second pixel
electrode 542 is disposed on the array substrate 52 in the
second alignment region 562 and electrically connected to the
second active switching device SW2. The first active switch-
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ing device SW1 and the second active switching device SW2
share the same gate line GL, and receive data signals from a
first data line DL1 and a second data line DL2, respectively.
The liquid crystal molecules LC, when not being driven, are
aligned along two different aligning directions in the first
alignment region 561 and the second alignment region 562.
The pixel structure 50 of the transparent LCD panel of this
embodiment may further include other necessary devices (not
shown) for implementing display function such as alignment
film, polarizer, color filter, light-shielding layer, storage
capacitor line, etc, and the function and arrangement of the
aforementioned devices are known and not redundantly
described.

[0058] Please refer to FIG. 17 and FIG. 18. FIG. 17 is a
schematic diagram illustrating a pixel structure of a transpar-
ent LCD panel of a third embodiment of the present invention
in an image display mode, and FIG. 18 is a schematic diagram
illustrating a pixel structure of a transparent LCD panel of a
third embodiment of the present invention in a transparent
display mode. As shown in FIG. 17, in the image display
mode, the liquid crystal molecules LC disposed in the first
alignment region 561 has only one aligning direction, the
liquid crystal molecules LC disposed in the second alignment
region 562 has only one aligning direction, and the aligning
directions of the liquid crystal molecules LC disposed in the
first alignment region 561 and the second alignment region
562 are different. In this embodiment. the liquid crystal mol-
ecules LC disposed in the first alignment region 561 and the
second alignment region 562 are driven by two vertical elec-
tric fields of opposite directions. For example, the data signals
delivered by the first data line DL1 and the second data line
DL2 have opposite polarities. In such case, the liquid crystal
molecules LC disposed in the first alignment region 561 is
driven by a vertical electric field E1, while the liquid crystal
molecules L.C disposed in the second alignment region 562 is
driven by a vertical electric field E2, where the vertical elec-
tric field E1 and the vertical electric field E2 have opposite
directions. In addition, in the image display mode, the first
alignment region 561 and the second alignment region 562
are driven by a field sequential color (FSC) driving method.
Specifically, a backlight module (not shown) able to emit
lights of different colors e.g. red light, green light and blue
light is used to provide backlight for the pixel structure 50 of
the transparent LCD panel. Accordingly, the first alignment
region 561 and the second alignment region 562 can display
colorful image in the image display mode, and the grayscale
can be adjusted by controlling the turn-on time of the first
alignment region 561 and the second alignment region 562.

[0059] As shown in FIG. 18, in the transparent display
mode, the liquid crystal molecules LC disposed in the first
alignment region 561 and the second alignment region 562
substantially have the same aligning direction. In this
embodiment, the liquid crystal molecules LC disposed in the
first alignment region 561 and the second alignment region
562 are driven by avertical electric filed of the same direction,
and thus are aligned along the same aligning direction. For
example, the data signals delivered by the first data line DL.1
and the second data line DL.2 have the same polarity, and thus
the liquid crystal molecules LC disposed in the first alignment
region 561 and the second alignment region 562 are driven by
the same vertical electric filed E.

[0060] The pixel structure 50 of the transparent LCD panel
of this embodiment can selectively provide only the transpar-
ent display mode, only the image display mode, or locally
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provide the transparent display mode and locally provide the
image display mode at the same time.

[0061] Please refer to FIG. 19. FIG. 19 is a schematic
diagram illustrating a pixel structure of a transparent LCD
panel of a fourth embodiment of the present invention. As
shown in FIG. 19, the pixel structure 60 of the transparent
LCD panel of this embodiment includes a gate line GL, a
plurality of data lines DL, a plurality of pixels P and a plural-
ity of active switching devices SW. Each pixel P includes a
first sub-pixel SP1 for providing a first display image, and a
second sub-pixel SP2 for displaying a second display image.
The active switching devices SW share the same gate line GL,
and receive data signals from different data lines DL, respec-
tively, to control the first sub-pixel SP1 and the second sub-
pixel SP2. In this embodiment, the first sub-pixel SP1 is a
color sub-pixel C, and the second sub-pixel SP2 is a white
sub-pixel W, where the color sub-pixel C includes a color
filter pattern CF, and the white sub-pixel W does not include
a color filter pattern. The first sub-pixel SP1 may be selected
from any one of the sub-pixels of three different colors includ-
ing a red sub-pixel, a green sub-pixel and a blue sub-pixel, or
selected from any one of the sub-pixels of four different
colors. The color filter pattern CF may be, for example, a red
filter pattern, a green filter pattern, a blue filter pattern or other
color filter pattern. The color space coverage of the first
sub-pixel SP1, which includes the color filter pattern CF, is
higher than the color space coverage of the second sub-pixel
SP2, which does not include color filter pattern. In the text, the
color space coverage may be, for example, National Televi-
sion System Committee (NTSC) color space coverage (also
referred to as NTSC coverage), sSRGB color space coverage
(also referred to sSRGB coverage) or a color space coverage
defined by another standard. In the image display mode, the
first sub-pixel SP1 of each pixel P has an image display
grayscale based on an image to be displayed, and the second
sub-pixel SP2 of each pixel P has a non-transparent display
grayscale e.g. a zero grayscale, i.e. the second sub-pixel SP2
is turned off. Accordingly, the pixel structure 60 of the trans-
parent LCD panel of this embodiment can provide images
with high color saturation in the image display mode. In the
transparent display mode, the first sub-pixel SP1 and the
second sub-pixel SP2 of each pixel P have a transparent
display grayscale e.g. a maximum grayscale, i.e. the first
sub-pixel SP1 and the second sub-pixel SP2 of each pixel P
are turned on. Accordingly, the pixel structure 60 of the trans-
parent LCD panel of this embodiment has excellent light
transmittance in the transparent display mode.

[0062] The pixel structure 60 of the transparent LCD panel
of this embodiment may further include other necessary
devices (not shown) for implementing its display function
such as alignment film, polarizer, color filter, light-shielding
layer, storage capacitor line, etc, and the function and
arrangement of the aforementioned devices are known and
not redundantly described. The pixel structure 60 of the trans-
parent LCD panel ofthis embodiment can selectively provide
only the transparent display mode, only the image display
mode, or locally provide the transparent display mode and
locally provide the image display mode at the same time.

[0063] Please refer to FIG. 20. FIG. 20 depicts several
different configurations of a pixel structure of a transparent
LCD panel of this embodiment. As shown in FIG. 20, the
white sub-pixel W and the color sub-pixel C may be arranged
as any one of configurations A-F. For example, the while
sub-pixel W may be disposed on any side of the color sub-
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pixel C, between the color sub-pixels C or surrounded by the
color sub-pixel C. In addition, in different pixels P, the
arrangement of the white sub-pixel W and the color sub-pixel
C may be different. Also, in configurations A-F, the white
sub-pixel W may be turned on and turned off by an active
switching device.

[0064] Pleaserefer to FIG. 21. FIG. 21 depicts several other
different configurations of a pixel structure of a transparent
LCD panel of this embodiment. As shown in FIG. 21, the
white sub-pixel W and the color sub-pixel C may be arranged
as any one of configurations 1-8. For example, the while
sub-pixel W may be disposed on any side of the color sub-
pixel C, between the color sub-pixels C, or surrounded by the
color sub-pixel C. Also, in different pixels P, the arrangement
of the white sub-pixel W and the color sub-pixel C may be
different. In addition, in configurations 1-8, the white sub-
pixel W is an opening, which is not controlled by active
switching device.

[0065] Please refer to FIG. 22. FIG. 22 illustrates a relation
between NTSC color space coverage and an area ratio of
white sub-pixel to pixel. As the area ratio of white sub-pixel
W to pixel P increases, the NTSC color space coverage
decreases. Therefore, the area ratio of white sub-pixel W to
pixel P may be adjusted based on required NTSC color space
coverage when designing the pixel layout. For example, in
order to achieve better transparent display effect, the area
ratio of white sub-pixel W to pixel P is preferably higher than
10%, and the NTSC color space coverage is substantially
lower than 35% accordingly. Thus, high light transmittance
can be obtained. In order to achieve better image display
effect, the area ratio of white sub-pixel W to pixel P is pref-
erably lower than 8%, and the NTSC color space coverage is
substantially higher than 45% accordingly. Thus, high color
saturation can be obtained.

[0066] Please refer to FIG. 23. FIG. 23 is a schematic
diagram illustrating a pixel structure of a transparent LCD
panel of a variant embodiment of a fourth embodiment of the
present invention. As shown in FIG. 23, in the pixel structure
60' of the transparent L.CD panel of this variant embodiment,
the first sub-pixel SP1 is a first color sub-pixel C1, and the
second sub-pixel SP2 is a second color sub-pixel C2. The first
color sub-pixel C1 includes a first color filter pattern CF1, the
second color sub-pixel C2 includes a second color filter pat-
tern CF2, and the thickness of the first color filter pattern CF1
is larger than the thickness of the second color filter pattern
CF2. Since the thickness of the first color filter pattern CF1 is
larger than the thickness of the second color filter pattern CF2,
the color space coverage of the first display image provided
by the first sub-pixel SP1 is higher than the color space
coverage of the second display image provided by the second
sub-pixel SP2. The pixel structure 60' of the transparent LCD
panel of this variant embodiment can selectively provide the
transparent display mode and/or the image display mode, and
the driving method thereof is similar to that of the fourth
embodiment.

[0067] Please refer to FIG. 24. FIG. 24 illustrates a relation
between NTSC color space coverage and thickness of color
filter. As the thickness of color filter increases, the NTSC
color space coverage increases accordingly. Therefore, the
thickness of the color filter can be adjusted based on required
NTSC color space coverage when designing the color filter.
For example, in order to achieve better transparent display
effect. the thickness of the color filter is preferably less than 1
micrometer, and the NTSC color space coverage is substan-
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tially lower than 35% accordingly. Thus, high light transmit-
tance can be obtained. In order to achieve better image display
effect, the thickness of the color filter is preferably greater
than 1.2 micrometer, and the NTSC color space coverage is
substantially higher than 45% accordingly. Thus, high color
saturation can be obtained.

[0068] Please refer to FIG. 25. FIG. 25 is a schematic
diagram illustrating a pixel structure of a transparent LCD
panel of a fifth embodiment of the present invention. As
shown in FIG. 25, the pixel structure 70 of the transparent
LCD panel of this embodiment includes a first pixel P1 dis-
posed in a display region 72 for providing a first display
image, and a second pixel P2 disposed in a transparent region
74 for providing a second display image. The color space
coverage of the first display image is higher than the color
space coverage of the second display image. In this embodi-
ment, the first pixel P1 includes a first color sub-pixel C1, and
the second pixel P2 includes a second color sub-pixel C2 and
a white sub-pixel W. The first color sub-pixel C1 includes a
first color filter pattern CF1, the second color sub-pixel C2
includes a second color filter pattern CF2, and the white
sub-pixel W does not include a color filter pattern. The thick-
ness of the first color filter pattern CF1 and the thickness of
the second color filter pattern CF2 may be equal or unequal.
The first pixel P1 disposed in the display region 72 does not
include a white sub-pixel, and thus the first display image has
higher color saturation; the second pixel P2 disposed in the
transparent region 74 includes a white sub-pixel W, thereby
having higher light transmittance. In this embodiment, the
area of the white sub-pixel W of the second pixel P2 can be
adjusted based on the required NTSC color space coverage,
and the relation between the area of the white sub-pixel W and
NTSC color space coverage is illustrated in FIG. 22 and its
related texts. In this embodiment, the first color sub-pixel C1,
the second color sub-pixel C2 and the white sub-pixel W can
be controlled by active switching devices SW, respectively.
The location of the white sub-pixel W is not limited, and may
be modified as illustrated in FIG. 20 based on different visual
consideration or other reasons.

[0069] Please refer to FIG. 26. FIG. 26 is a schematic
diagram illustrating a pixel structure of a transparent LCD
panel of a first variant embodiment of a fifth embodiment of
the present invention. As shown in FIG. 26, in the pixel
structure 70" of the transparent LCD panel of this variant
embodiment, the white sub-pixel W is an opening, which is
not controlled by an active switching device. The location of
the white sub-pixel W is not limited, and may be modified as
illustrated in FIG. 21 based on different visual consideration
or other reasons.

[0070] Please refer to FIG. 27. FIG. 27 is a schematic
diagram illustrating a pixel structure of a transparent LCD
panel of a second variant embodiment of a fifth embodiment
of the present invention. As shown in FIG. 27, the pixel
structure 70" of the transparent LCD panel of this variant
embodiment includes a first pixel P1 disposed in a display
region 72 for providing a first display image, and a second
pixel P2 disposed in a transparent region 74 for providing a
second display image. The color space coverage of the first
display image is higher than the color space coverage of the
second display image. In this embodiment, the first pixel P1
includes a first color sub-pixel C1, and the second pixel P2
includes a second color sub-pixel C2. The first color sub-pixel
C1 includes a first color filter pattern CF1, the second color
sub-pixel C2 includes a second color filter pattern CF2, and
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the thickness of the first color filter pattern CF1 is greater than
the thickness of the second color filter pattern CF2. Since the
thickness of the first color filter pattern CF1 is greater than the
thickness of the second color filter pattern CF2, the first
display image has higher color saturation, while the second
display image has higher light transmittance. In this embodi-
ment, the thickness of the first color filter pattern CF1 and the
thickness of the second color filter pattern CF2 can be
adjusted based on the required NTSC color space coverage,
and the relation between thickness of color filter and NTSC
color space coverage is illustrated in FIG. 24 and its related
texts.

[0071] In conclusion, the pixel structure of the transparent
LCD panel of the present invention can provide a clear and
distinct background image with high transparency in a trans-
parent display mode, and provide an image with high color
saturation and wide viewing angle in an image display mode.
[0072] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be con-
strued as limited only by the metes and bounds of the
appended claims.

What is claimed is:

1. A pixel structure of a transparent liquid crystal display
panel, comprising;

an array substrate;

a gate line, disposed on the array substrate;

a data line, disposed on the array substrate;

apixel, consisting of at least one first alignment region and
at least one second alignment region, wherein the first
alignment region and the second alignment region of the
pixel have different aligning directions;

apixel electrode, disposed on the array substrate and in the
pixel, the pixel electrode comprising at least one main
electrode disposed between the first alignment region
and the second alignment region, and a plurality of
branch electrodes, wherein the at least one main elec-
trode is substantially a bar-shaped electrode, a portion of
the branch electrodes are connected to one side of the at
least one main electrode and extending along a first
direction to be disposed in the first alignment region, the
other portion of the branch electrodes are connected to
the other side of the at least one main electrode and
extending along a second direction to be disposed in the
second alignment region, and the first direction and the
second direction are substantially opposite and in paral-
lel, wherein a slit is formed between two adjacent branch
electrodes, and an included angle between the first direc-
tion and the gate line is substantially between 35 degrees
and 55 degrees;

a counter substrate, facing the array substrate;

a common electrode, disposed on the counter substrate;
and

a plurality of liquid crystal molecules, disposed between
the array substrate and the counter substrate.

2. The pixel structure of the transparent liquid crystal dis-
play panel of claim 1, wherein a difference between an azi-
muth angle of a long axis of the liquid crystal molecules
disposed in the first alignment region and an azimuth angle of
a long axis of the liquid crystal molecules disposed in the
second alignment region is substantially 180 degrees.
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3. The pixel structure of the transparent liquid crystal dis-
play panel of claim 1, wherein the at least one main electrode
and the data line are arranged in parallel manner.

4. The pixel structure of the transparent liquid crystal dis-
play panel of claim 1, wherein the pixel comprises a plurality
of sub-pixels, each of the sub-pixels consists of the first align-
ment region and the second alignment region, the at least one
main electrode comprises a plurality of main electrodes dis-
posed in the sub-pixels, respectively, and the main electrodes
and the data line are arranged in non-parallel and non-per-
pendicular manner.

5. The pixel structure of the transparent liquid crystal dis-
play panel of claim 4, wherein each of the main electrodes is
disposed along a diagonal line of the corresponding sub-
pixel.

6. The pixel structure of the transparent liquid crystal dis-
play panel of claim 5, wherein at least a portion of the sub-
pixels have different areas, and at least a portion of the main
electrodes are arranged in non-parallel manner.

7. The pixel structure of the transparent liquid crystal dis-
play panel of claim 6, further comprising a plurality of pro-
trusion structures, wherein the protrusion structures are dis-
posed on the counter substrate and corresponding to the main
electrodes, respectively.

8. The pixel structure of the transparent liquid crystal dis-
play panel of claim 5, wherein the sub-pixels substantially
have an identical area, and the main electrodes are arranged in
parallel manner.

9. The pixel structure of the transparent liquid crystal dis-
play panel of claim 8, wherein an included angle between the
main electrode and the gate line is substantially equal to 45
degrees.

10. The pixel structure of the transparent liquid crystal
display panel of claim 8, further comprising a plurality of
protrusion structures, wherein the protrusion structures are
corresponding between two adjacent main electrodes, respec-
tively, and the protrusion structures are disposed on at least
one of the array substrate and the counter substrate.

11. The pixel structure of the transparent liquid crystal
display panel of claim 8, further comprising a plurality of
protrusion structures, wherein the protrusion structures are
corresponding to the main electrodes, respectively, and the
protrusion structures are disposed on the counter substrate.

12. The pixel structure of the transparent liquid crystal
display panel of claim 1, wherein the liquid crystal molecules
comprise vertically-aligned mode (VA mode) liquid crystal
molecules.

13. A pixel structure of a transparent liquid crystal display
panel, comprising:

an array substrate;

apixel, comprising a white sub-pixel and a color sub-pixel,

the white sub-pixel consisting of a first alignment region
and a second alignment, the first alignment region and
the second alignment region of the white sub-pixel hav-
ing different aligning directions, the color sub-pixel
comprising a first alignment region, a second alignment
region, a third alignment region and a fourth alignment
region, the first alignment region, the second alignment
region, the third alignment region and the fourth align-
ment region of the color sub-pixel having different
aligning directions, the first alignment region of the
color sub-pixel and the first alignment region of the
white sub-pixel have substantially the same aligning
direction, the second alignment region of the color sub-



US 2014/0104547 Al

pixel and the second alignment region of the white sub-
pixel have substantially the same aligning direction, and
the third alignment region and the fourth alignment
region of the color sub-pixel and the first alignment
region and the second alighment region of the white
sub-pixel have different aligning directions; and

a plurality of liquid crystal molecules, disposed in the
p y q ry P
pixel,

wherein in a transparent display mode, the first alignment
region and the second alignment region of the white
sub-pixel and the first alignment region and the second
alignment region of the color sub-pixel have a transpar-
entdisplay grayscale, and the third alignment region and
the fourth alignment region of the color sub-pixel have a
non-transparent display grayscale, and

wherein in an image display mode, the first alignment
region and the second alignment region of the white
sub-pixel have the non-transparent display grayscale,
and the first alignment region, the second alignment
region, the third alignment region and the fourth align-
ment region of the color sub-pixel have an image display
grayscale, respectively, based on an image to be dis-
played.

14. The pixel structure of the transparent liquid crystal
display panel of claim 13, wherein in the transparent display
mode, a difference between an azimuth angle of a long axis of
the liquid crystal molecules disposed in the first alignment
region of the white sub-pixel and an azimuth angle of a long
axis of the liquid crystal molecules disposed in the second
alignment region of the white sub-pixel is substantially 180
degrees, and a difference between an azimuth angle of a long
axis of the liquid crystal molecules disposed in the first align-
ment region of the color sub-pixel and an azimuth angle of a
long axis of the liquid crystal molecules disposed in the
second alignment region of the color sub-pixel is substan-
tially 180 degrees, in the image display mode, a difference
between the azimuth angle of the long axis of the liquid
crystal molecules disposed in the first alignment region of the
color sub-pixel and an azimuth angle of a long axis of the
liquid crystal molecules disposed in the third alignment
region of the color sub-pixel is substantially 90 degrees, a
difference between the azimuth angle of the long axis of the
liquid crystal molecules disposed in the third alignment
region of the color sub-pixel and the azimuth angle of the long
axis of the liquid crystal molecules disposed in the second
alignment region of the color sub-pixel is substantially 90
degrees, a difference between the azimuth angle of the long
axis of the liquid crystal molecules disposed in the second
alignment region of the color sub-pixel and an azimuth angle
of a long axis of the liquid crystal molecules disposed in the
fourth alignment region of the color sub-pixel is substantially
90 degrees, and a difference between the azimuth angle of the
long axis of the liquid crystal molecules disposed in the fourth
alignment region of'the color sub-pixel and the azimuth angle
of the long axis of the liquid crystal molecules disposed in the
first alignment region of the color sub-pixel is substantially 90
degrees.

15. The pixel structure of the transparent liquid crystal
display panel of claim 13, wherein the transparent display
grayscale is a maximum grayscale and the non-transparent
display grayscale is a zero grayscale.
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16. The pixel structure of the transparent liquid crystal
display panel of claim 13, wherein the liquid crystal mol-
ecules comprise vertically-aligned mode (VA mode) liquid
crystal molecules.

17. A pixel structure of a transparent liquid crystal display
panel, comprising:

an array substrate;

a pixel, comprising a first alignment region and a second
alignment region; and

a plurality of liquid crystal molecules, disposed in the
pixel,

wherein in a transparent display mode, the liquid crystal
molecules disposed in the first alignment region and the
second alignment region have substantially the same
aligning direction, and in an image display mode, the
liquid crystal molecules disposed in the first alignment
region and the second alignment region have different
aligning directions.

18. The pixel structure of the transparent liquid crystal
display panel of claim 17, wherein the liquid crystal mol-
ecules comprise anti-ferroelectric liquid crystal molecules.

19. The pixel structure of the transparent liquid crystal
display panel of claim 18, wherein in the transparent display
mode, the liquid crystal molecules disposed in the first align-
ment region and the second alignment region are driven by a
vertical electric field of the same direction, and in the image
display mode, the liquid crystal molecules disposed in the
first alignment region and the second alignment region are
driven by two vertical electric fields of opposite directions.

20. The pixel structure of the transparent liquid crystal
display panel of claim 19, further comprising:

a first active switching device, disposed on the array sub-

strate;

a first pixel electrode, disposed on the array substrate and in
the first alignment region, wherein the first pixel elec-
trode is electrically connected to the first active switch-
ing device;

a second active switching device, disposed on the array
substrate; and

a second pixel electrode, disposed on the array substrate
and in the second alignment region, wherein the second
pixel electrode is electrically connected to the second
active switching device.

21. The pixel structure of the transparent liquid crystal
display panel of claim 20, wherein in the image display mode,
the first alignment region and the second alignment region are
driven by a field sequential color (FSC) driving method.

22. A pixel structure of a transparent liquid crystal display
panel, comprising:

a plurality of pixels, each of the pixels comprising:

a first sub-pixel, configured to provide a first display
image; and

a second sub-pixel, configured to provide a second dis-
play image, wherein a color space coverage of the first
display image is higher than a color space coverage of
the second display image; and

a plurality of active switching devices, configured to con-
trol the first sub-pixel and the second sub-pixel, respec-
tively,

wherein in a transparent display mode, the first sub-pixel
and the second sub-pixel of each of the pixels have a
transparent display grayscale, and in an image display
mode, the first sub-pixel of each of the pixel has an
image display grayscale based on an image to be dis-
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played, and the second sub-pixel of each of the pixels has
a non-transparent display grayscale.

23. The pixel structure of the transparent liquid crystal
display panel of claim 22, wherein the first sub-pixel com-
prises a color sub-pixel which includes a color filter pattern,
and the second sub-pixel comprises a white sub-pixel which
does not include a color filter pattern.

24. The pixel structure of the transparent liquid crystal
display panel of claim 22, wherein the first sub-pixel com-
prises a first color sub-pixel which includes a first color filter
pattern, the second sub-pixel comprises a second color sub-
pixel which includes a second color filter pattern, and a thick-
ness of the first color filter pattern is larger than a thickness of
the second color filter pattern.

25. A pixel structure of a transparent liquid crystal display
panel, comprising;
a first pixel, disposed in a display region for providing a
first display image; and
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a second pixel, disposed in a transparent region for provid-
ing a second display image. wherein a color space cov-
erage of the first display image is higher than a color
space coverage of the second display image.

26. The pixel structure of the transparent liquid crystal
display panel of claim 25, wherein the first pixel comprises a
first color sub-pixel, the second pixel comprises a second
color sub-pixel and a white sub-pixel, the first color sub-pixel
includes a first color filter pattern, the second color sub-pixel
includes a second color filter pattern, and the white sub-pixel
does not include a color filter pattern.

27. The pixel structure of the transparent liquid crystal
display panel of claim 25, wherein the first pixel comprises a
first color sub-pixel which includes a first color filter pattern,
the second pixel comprises a second color sub-pixel which
includes a second color filter pattern, and a thickness of the
first color filter pattern is larger than a thickness of the second
color filter pattern.
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