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(57) ABSTRACT

A liquid crystal display includes an upper substrate, a lower
substrate, a liquid crystal layer disposed between the upper
and lower substrates and including liquid crystal molecules
with optical isotropicity, a first polarizer disposed on a surface
of'the upper substrate, having a first polarization direction, a
second polarizer disposed on a surface of the lower substrate,
having a second polarization direction, and at least one pixel
region defined on the lower substrate. The pixel region
includes at least one pixel electrode disposed on the lower
substrate, the pixel electrode extending along a first direction
in the pixel region and a majority portion of an edge of the
pixel electrode substantially being parallel to at least one of
the first polarization direction and the second polarization
direction.

18 Claims, 10 Drawing Sheets
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LIQUID CRYSTAL DISPLAY WITH
PARTICULAR STRUCTURE FOR THE PIXEL
ELECTRODE AND THE COMMON
ELECTRODE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is related to a liquid crystal display
(LCD), and more particularly, to an LCD including liquid
crystal molecules with optical isotropicity.

2. Description of the Prior Art

LCD has been widely applied to many display devices. One
of'the key elements of an LCD is the liquid crystal layer with
liquid crystal molecules. The conventional liquid crystal mol-
ecules used in the LCD have a property of optical anisotrop-
icity under room temperature and have oval-liked shapes.
However, a type of liquid crystal molecules with optical iso-
tropicity under room temperature, such as blue phase liquid
crystal (BPLC) molecules is a new research field for LCD
manufacturer. An example of the BPL.C molecules is choles-
teryl benzoate molecules.

Generally, in a BPLC in-plane switch (IPS) LCD panel, the
panel has a black state if no voltage is supplied because of the
optical isotropicity of the BPLC molecules, which is called
normal black state. In contrast, when a voltage is applied to
the electrodes of the BPL.C IPS LCD panel, the shapes of the
BPLC molecules will be deformed so as to have optical
anisotropicity and birefringence, such that the panel displays
a white state. However, due to compression and molecules’
alignment property, the BPLC molecules also are deformed
by the electrodes even no voltage is applied. The BPL.C mol-
ecules near the electrodes line along the sidewalls or edges of
the electrodes so that they also have oval-liked shapes with
optical anisotropicity and birefringence. As a result, light
leakage occurs along the edge or shapes of the electrodes
when the panel is under dark state, and therefore the contrast
of the display panel is influenced.

SUMMARY OF THE INVENTION

It is therefore one of the objectives of the present invention
to provide an LCD having liquid crystal molecules with opti-
cal isotropicity and good contrast by designing the electrodes
with specific shapes.

According to an embodiment of the present invention, an
LCD includes an upper substrate, a lower substrate, and a
liquid crystal layer disposed between the upper and lower
substrates and including liquid crystal molecules with optical
isotropicity. The LCD further includes a first polarizer dis-
posed on a surface of the upper substrate and having a first
polarization direction, a second polarizer disposed on a sur-
face of the lower substrate and having a second polarization
direction, and at least one pixel region defined on the lower
substrate. The pixel region includes at least one pixel elec-
trode disposed on the lower substrate, the pixel electrode
extending along a first direction in the pixel region and a
majority portion of an edge of the pixel electrode substan-
tially being parallel to at least one of the first polarization
direction and the second polarization direction.

Since the majority portion of the edge of the pixel electrode
is substantially parallel to at least one of the first polarization
direction and the second polarization direction, the liquid
crystal molecules near the pixel electrodes will also line along
at least one of the first and the second polarization directions.
Therefore, even light passes through these liquid crystal mol-
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ecules is polarized, it still hardly emits out the LCD panel, so
as to solve the problem of light leakage in the prior art and to
improve the display contrast.

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 draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a cross-view schematic diagram of an LCD of'the
present invention.

FIG. 2 is aschematic diagram of a top view of a pixel region
of the LCD shown in FIG. 1.

FIG. 3 is a sectional view of FIG. 2 along a sectional line
3-3".

FIG. 4 is a partial enlargement figure of the pixel electrode
and the common electrode shown in FIG. 2.

FIG. 5 is a diagram of the transmittances of a conventional
BPLC IPS LCD and the present invention BPLC IPS LCD
with rhombus shape electrodes under dark state.

FIG. 6 is a diagram of the contrast (CR) of the conventional
BPLC IPS LCD and the present invention BPLC IPS LCD
with rhombus shape electrodes.

FIG. 7 is a sectional schematic diagram of the pixel elec-
trodes and common electrodes corresponding to the sectional
line 3-3'in FIG. 2 according to a first variation embodiment of
the first embodiment.

FIG. 8 is a sectional schematic diagram of the pixel elec-
trodes and common electrodes corresponding to the sectional
line 3-3' of FIG. 2 according to a second variation embodi-
ment of the first embodiment.

FIG. 9is a schematic diagram of a top view of a pixel region
of'an LCD according to a second embodiment of the present
invention.

FIG. 10 is a sectional view of FIG. 9 along a sectional line
10-10".

DETAILED DESCRIPTION

Referring to FIG. 1, FIG. 1 is a cross-view schematic
diagram of an LCD of the present invention. According to a
first embodiment, the LCD 10 is an IPS LCD panel, including
anupper substrate 12, a lower substrate 14 disposed below the
upper substrate 12, a liquid crystal layer 16 disposed between
the upper and lower substrates. The liquid crystal layer 16
includes liquid crystal molecules 18 with optical isotropicity.
In this embodiment, the liquid crystal molecules 18 are BPL.C
molecules, such as cholesteryl benzoate molecules, and they
have spherical shapes under room temperature. The LCD 10
further includes a first polarizer 20 having a first polarization
direction P1 and a second polarizer 22 having a second polar-
ization direction P2. The first polarizer 20 and the second
polarizer 22 are disposed near the upper substrate 12 and the
lower substrate 14 respectively. For example, the first polar-
izer 20 is disposed on an upper surface 126 of the upper
substrate 12, and the second polarizer 22 is disposed on the
lower surface 145 of the lower substrate 14. In this embodi-
ment, the first polarization direction P1 is perpendicular to the
second polarization direction P2, but not limited thereto. In
other embodiments, the first polarization direction P1 may be
parallel to the second polarization direction P2.

Please refer to FIG. 2 and FIG. 3, wherein FIG. 2 is a
schematic diagram of a top view of a pixel region of the LCD
10 shown in FIG. 1, and FIG. 3 is a sectional view of FIG. 2
along a sectional line 3-3'. The LCD 10 includes at least one
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pixel region 101 defined on the lower substrate 14. Preferably,
the LCD 10 includes a plurality of pixel regions 101 arranged
asan array. The pixel region 101 includes at least one dataline
31 extending along a first direction Y and at least one gate line
30 extending along a second direction X. A thin film transistor
28 is disposed at the cross portion of the gate line 30 and the
dataline 31. The pixel region 101 further includes at least one
pixel electrode 241 extends along the first direction Y. In this
embodiment, the pixel region 101 includes a plurality of pixel
electrodes 241. For example, FIG. 2 shows three pixel elec-
trodes 241 in one pixel region 101. The pixel electrodes 241
are electrically connected to each other through a pixel elec-
trode bar 242 extending along the second direction X, and the
pixel electrodes 241 and the pixel electrode bar 242 in the
pixel region 101 can be seen as a pixel electrode unit 24. Since
the LCD 10 is an IPS LCD, the pixel region 101 may also
include a plurality of common electrodes 261, extending
along the first direction Y. The common electrodes 261 are
electrically connected to each other through a common elec-
trode bar 262 extending along the second direction X, and the
common electrodes 261 and the common electrode bar 262 in
the pixel region 101 can be seen as a common electrode unit
26. In this embodiment, the data line 31, the gate line 30, the
thin film transistor 28, the pixel electrode unit 24, and the
common electrode unit 26 are disposed on the upper surface
14a of the lower substrate 14, but not limited thereto. For
example, the common electrode unit 26 may be disposed on
the lower surface 12a of the upper substrate 12 in other
embodiments.

As shown in FIG. 3, the common electrodes 261 and the
pixel electrodes 241 are disposed alternately and parallel to
each other, thus there are several cavities 34 formed between
the adjacent common electrodes 261 and the pixel electrodes
241. The pixel electrodes 241 and the common electrodes 261
are disposed on the upper surface 14a of the lower substrate
14, and a passivation layer 32 may be disposed between the
pixel and common electrodes 241, 261 and the lower sub-
strate 14. The pixel electrode unit 24 and the common elec-
trode unit 26 may be formed with a same conductive layer,
preferably a transparent conductive layer, and have a height
H1. The liquid crystal molecules 18 may fill up the cavities 34
with the height H1. For instance, when driving the pixel
region 101, a common voltage (such as a negative voltage,
-1.5 volt) may be applied to the common electrodes 261 and
a driving voltage (such as a positive voltage, 1.5 volt) may be
applied to the pixel electrodes 241 such that a lateral electric
field occurs between the pixel electrodes 241 and the common
electrodes 261, especially in the cavities 34, which drives the
liquid crystal molecules 18 to be deformed and have birefrin-
gence so as to polarizes light passes through the liquid crystal
layer 16.

As shown in FIG. 2, the first polarization direction P1 and
the second polarization direction P2 have an included angle of
90° in this embodiment. Taking the second direction X being
a coordinate with 0° as an example, the first polarization
direction P1 has an included angle 45° with the second direc-
tion X, and the second polarization direction P2 has an
included angle 135° with the second direction X. The first
polarization direction P1 and the second polarization direc-
tion P2 also have an included angle of about 45° with the first
direction Y. Please refer to FIG. 4 with FIG. 2, wherein FIG.
4 is a partial enlargement figure of the pixel electrode 241 and
the common electrode 261 shown in FIG. 2. Each of'the pixel
electrodes 241 is composed of a plurality of quadrilateral
cubes 241¢ arranged as a line in series in the pixel region 101,
wherein the line is parallel to the first direction Y, and at least
one portion of each of the quadrilateral cubes 241c¢ in the
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same series is overlapped by an adjacent quadrilateral cube
241c, as shown in the doted lines. Preferably, the quadrilateral
cubes 241c are parallelogram cubes. Two sides 241a of each
quadrilateral cube 241c¢ are parallel to each other, and the
other two sides 2415 of the quadrilateral cube 241c¢ are par-
allel to each other. Moreover, the two sides 2414 are parallel
to the second polarization direction P2, and the other two
sides 2415 are parallel to the first polarization direction P1.
Accordingly, any two adjacent sides 241a and 2415 of each
quadrilateral cubes 241¢ have an included angle of 90°. In a
more preferable embodiment, the quadrilateral cubes 241c¢
are rhombus cubes or square cubes, which means the sides
241aq and the sides 2415 have identical length. As a result, the
majority portion of the edge of each pixel electrode 241 is
substantially parallel to at least one of the first polarization
direction P1 and the second polarization direction P2. Spe-
cifically, according to this embodiment, about a half majority
portion of the edge of each pixel electrode 241 is parallel to
the first polarization direction P1, such as the sides 2415, and
the other half majority portion of the edge of each pixel
electrode 241 is parallel to the second polarization direction
P2, such as the sides 241qa. Similarly, each of the common
electrodes 261 is composed of a plurality of quadrilateral
cubes 261¢ arranged as a line in series in the pixel region 101,
wherein the line is parallel to the first direction Y, and at least
one portion of each of the quadrilateral cubes 261c¢ in the
same series is overlapped by an adjacent quadrilateral cube
261c.

Two sides 261a of each quadrilateral cube 261c are parallel
to the second polarization direction P2, and the other two
sides 2615 are parallel to the first polarization direction P1.
Preferably, the quadrilateral cubes 261¢ are thombus cubes or
square cubes, and the sides 261a and the sides 2615 have
identical length. More preferably, the quadrilateral cubes
261c¢ and the quadrilateral cubes 241¢ have the same sizes.

FIG. 4 also shows the arrangement of the BPL.C molecules
181, 182, 183 between the pixel and common electrodes 241,
261 when no voltage is applied. The sizes and number of the
BPLC molecules 181, 182, 183 relative to the sizes of the
quadrilateral cubes 241¢, 261¢ in FIG. 4 are only for expla-
nation, not for limiting the present invention. The BPLC
molecules 181 disposed not near the pixel electrode 241 and
the common electrode 261 have their usual spherical shape
and optical isotropicity. The BPLC molecules 182, 183 dis-
posed near the majority portion of the edge (sides 241a, 2415)
of'the pixel electrode 241 and the majority portion of the edge
(sides 261a, 2615) of the pixel electrode 261 are deformed
along the edges to have optical anisotropicity. For example,
the BPLC molecules 182 near the sides 241a are deformed to
have a long axis arranged along the sides 241qa, which are
parallel to the second polarization direction P2, and the BPL.C
molecules 183 near the sides 2415 are deformed to have a
long axis arranged along the sides 2415, parallel to the first
polarization direction P1. Assume light emits from the lower
side of the LCD 10 and first passes through the second polar-
izer 22 and become a polarized light with the second polar-
ization direction P2. Since the long axes of the BPLC mol-
ecules 182, 183 are aligned along the first polarization
direction P1 or the second polarization direction P2, the
polarized light passes through the BPL.C molecules 182, 183
will still remain as polarized light with the second polariza-
tion direction P2. Therefore, the light leakage near the edges
of'the electrodes under the dark state occurred in the prior art
LCD panel can be effective suppressed.

It should be noted that the pixel and common electrodes
241 and 261 may not always have the sharp corners between
the sides 241a and 2415 or between the sides 261a and 2615
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shown in FIG. 2 and FIG. 4 practically because of process
limitation, process window and formation inaccuracy. For
example, after photolithography and development processes,
the included angle of the sides 241a and 24156 and the
included angles of the sides 261« and 2615 may have round
corners. Therefore, the majority portion of the edges of the
pixel electrodes 241 and common electrodes 261 is substan-
tially parallel to the first polarization direction P1 or the
second polarization direction P2 means that the sides 241a,
261a may have an included angle with the second polariza-
tion direction P2 less than or equal to +4° and the sides 2415,
2615 may have an included angle with the first polarization
direction P1 less than or equal to +4°. In other words, the
situation that the included angle of the edges of the pixel and
common electrodes 241, 261 and the second polarization
direction P2 or the first polarization direction P1 is 0°+4° still
meets the meaning “substantially parallel” in the above
description. In another aspect, when most tangent lines of the
edges of the pixel electrodes 241 or the common electrodes
261 are parallel to at least one of the first and second polar-
ization directions P1, P2 or have included angles less than or
equal to +4°, it also meets the description that the majority
portion of the edges of the pixel electrodes 241 and common
electrodes 261 is substantially parallel to at least one of the
first and second polarization directions P1, P2.

FIG. 5 is a diagram showing the transmittances of a con-
ventional BPLC IPS LCD and the present invention BPLC
IPS LCD with rhombus shape electrodes under dark state. As
shown in FIG. 5, the conventional BPLC IPS LCD has a
transmittance of more than 1.2*107* nits under normal dark
state, and the BPL.C IPS LCD with rhombus shape electrodes
according to the first embodiment of the present invention
only has a transmittance less than 5*107> nits. FIG. 6 is
further illustrates a diagram showing the contrast (CR) of the
conventional BPLC IPS LCD and the present invention
BPLC IPS LCD with rhombus shape electrodes.

As shown in FIG. 6, the conventional BPLC IPS LCD only
has a contrast less than 3*10?, and the BPLC IPS LCD with
rhombus shape electrodes according to the first embodiment
of the present invention has a contrast higher than 8*10°.
Accordingly, the present invention BPLC IPS LCD has a
better performance than the conventional BPLC IPS LCD,
whether regarding light leakage problem or the display con-
trast. Furthermore, since the pixel electrodes 241 and the
common electrodes 261 have curved and bending edges, they
provided a multi-domain effect to the liquid crystal molecules
18 such that the gamma shift can be improved. According to
the first embodiment of the present invention, the maximum
gamma shift is about 7%, and the maximum gray level inver-
sion is about 5%. Accordingly, the present invention LCD 10
not only has good contrast but also have low gamma shift.

The LCD structure of the present invention is not limited by
the aforementioned embodiment, and may have other differ-
ent preferred embodiments and variation embodiments. To
simplify the description, the identical components in each of
the following embodiments are marked with identical sym-
bols. For making it easier to compare the difference between
the embodiments, the following description will detail the
dissimilarities among different embodiments and the identi-
cal features will not be redundantly described.

Please refer to FIG. 7, which shows a sectional schematic
diagram of the pixel electrodes 241 and common electrodes
261 corresponding to the sectional line 3-3' in FIG. 2 accord-
ing to a first variation embodiment of the first embodiment. In
this variation embodiment, the pixel region 101 has a groove
structure 38 that the passivation layer 32 disposed below the
pixel electrodes 241 and the common electrodes 261 has
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many slits corresponding to the spacing between the adjacent
pixel electrodes 241 and common electrodes 261. In other
words, the slits of the passivation layer 32 are corresponding
to the edges of the pixel electrodes 241 and the common
electrodes 261. Therefore, the cavities 34' disposed between
the pixel electrodes 241 and common electrodes 261 have a
height H2 which is the sum of the thickness t1 of the pixel
electrodes 241 and the common electrodes 261 and the thick-
ness t2 of the passivation layer 32. For example, the thickness
t1 is about 400 angstroms (A) and the thickness t2 is about
2000 A, thus the height H2 of the groove structure 38 is about
2400 A, but not limited thereto. In some embodiments, the
height H2 is about 0.04 micrometers (um) to 5 um and pref-
erable about 1 um to 1.5 um. In other embodiments, the
passivation layer 32 may have a thickness t2 more than 2000
A or the thickness t1 is less than 1 um.

Please refer to FIG. 8. FIG. 8 is a sectional schematic
diagram of the pixel electrodes 241 and common electrodes
261 corresponding to the sectional line 3-3' of FIG. 2 accord-
ing to a second variation embodiment of the first embodi-
ment. In this variation embodiment, the pixel region 101 has
a protrusion structure 40, wherein the thickness of the pixel
electrodes 241 and common electrodes 261 is greater than
that in the first embodiment. Therefore, the cavities 34"
between the pixel electrodes 241 and common electrodes 261
have a height H3 greater than the height H1 shown in FIG. 3.
For example, the thickness of the pixel electrodes 241 and the
common electrodes 261 in this variation embodiment may be
about 0.04 um to 5 um and preferable about 1 um to 1.5 pm.
In some embodiments, the height H3 is about two times the
height H1 shown in FIG. 3, so as to form the protrusion
structure 40.

In the first and second variation embodiments, both the
cavities 34" and the cavities 34" have higher height H2 and
height H3 than the cavities 34 in FIG. 3. Therefore, they have
more spaces to containing the BPL.C molecules. Accordingly,
the effective literal electrical field occurred between the adja-
cent pixel electrodes 241 and common electrodes 261 covers
greater range to drive the BPL.C molecules when voltages are
supplied to the pixel electrodes 241 and common electrodes
261, thus the voltage supply can be saved. For example, the
supplied voltage for the pixel electrodes 241 and common
electrodes 261 may be less than that in the first embodiment,
s0 as to save the power.

FIG. 9is a schematic diagram of a top view of a pixel region
of'an LCD according to a second embodiment of the present
invention, and FIG. 10 is a sectional view of FIG. 9 along a
sectional line 10-10'. In this embodiment, the LCD is a fringe
field switching (FFS) LCD. One pixel region 101' may only
have one common electrode 261 which is like a sheet elec-
trode covering the lower substrate 14, below the pixel elec-
trodes 241, and an insulating layer 36 or other dielectric layer
is disposed between the pixel electrodes 241 and the common
electrode 261. When driving the LCD, two different voltages
may be respectively supplied to the common electrode 261
and the pixel electrodes 241 such that an electrical field
occurs between the pixel electrodes 241 and the common
electrode 261 to drive the liquid crystal molecules 18. Since
the majority portion of the edges of the pixel electrodes 241
are still substantially parallel to either the first polarization
direction P1 or the second polarization direction P2, the
present invention FFS LCD including the pixel regions 101'
can provide good display contrast and have low gamma shift.
Furthermore, the pixel regions 101' of the present invention
FFS LCD may have groove or protrusion structures similar to
the cavities 34' of FIG. 7 and cavities 34" of FIG. 8.
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In conclusion, in the LCD having liquid crystal molecules
with optical isotropicity of the present invention, since the
most edges or sidewalls of the pixel electrode are parallel to at
least one of the polarization directions of the first polarization
and the second polarization, the light leakage and the gamma
shift can be effectively improved, so as to provide a better
display performance with high display contrast.

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 construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. A liquid crystal display (LCD), comprising:

an upper substrate;

a lower substrate;

a liquid crystal layer, disposed between the upper and
lower substrates and comprising liquid crystal mol-
ecules with optical isotropicity;

a first polarizer disposed on a surface of the upper sub-
strate, having a first polarization direction;

a second polarizer disposed on a surface of the lower sub-
strate, having a second polarization direction; and

at least one pixel region defined on the lower substrate,
wherein the pixel region comprises at least one pixel
electrode disposed on the lower substrate, the pixel elec-
trode extending along a first direction in the pixel region
and a majority portion of an edge of the pixel electrode
substantially being parallel to at least one of the first
polarization direction and the second polarization direc-
tion.

2. The LCD of claim 1, wherein the pixel region further
comprises at least one common electrode disposed on the
lower substrate, the common electrode extending along the
first direction in the pixel region and a majority portion of an
edge of the common electrode substantially parallel to at least
one of the first polarization direction and the second polar-
ization direction.

3. The LCD of claim 2, comprising a plurality of common
electrodes and a plurality of pixel electrodes in the pixel
region, wherein the common electrodes and the pixel elec-
trodes are disposed alternately and parallel to each other, the
common electrodes are electrically connected to each other
through a common electrode bar, and the pixel electrodes are
electrically connected to each other through a pixel electrode
bar.

4. The LCD of claim 3, wherein the LCD is an in-plane
switching (IPS) LCD.

5. The LCD of claim 1, wherein the pixel region further
comprises:
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at least one common electrode disposed between the pixel

electrode and the lower substrate; and

an insulating layer disposed between the pixel electrode

and the common electrode.

6. The LCD of claim 5, wherein the LCD is a fringe field
switching (FFS) LCD.

7. The LCD of claim 1, wherein the pixel electrode is
composed of a plurality of quadrilateral cubes arranged as a
line in series in the pixel region, the line is parallel to the first
direction, and at least one portion of each of the quadrilateral
cubes in the same series is overlapped by an adjacent quad-
rilateral cube.

8. The LCD of claim 7, wherein two sides of the quadri-
lateral cubes are parallel to one of the first polarization direc-
tion and the second polarization direction respectively, and
the other two sides of the quadrilateral cubes are parallel to
the other one of the first polarization direction and the second
polarization.

9. The LCD of claim 7, wherein the quadrilateral cubes are
rhombus cubes.

10. The LCD of claim 7, wherein any two adjacent sides of
each of the quadrilateral cubes have an included angle of 90
degrees.

11. The LCD of claim 1, wherein the liquid crystal mol-
ecules deform to have optical anisotropicity when an electri-
cal field is applied to the pixel region.

12. The LCD of claim 11, wherein the liquid crystal mol-
ecules are blue phase liquid crystal (BPLC) molecules.

13. The LCD of claim 11, when the electrical field is
applied to the pixel region, the pixel region displays a bright
state.

14. The LCD of claim 11, wherein the electrical field is a
lateral electrical field.

15. The L.CD of claim 1, the liquid crystal molecules near
the majority portion of the edge of the pixel electrode deform
to have optical anisotropicity along with the edge of the pixel
electrode.

16. The LCD of claim 1, wherein the first direction is not
parallel to the first and second polarization directions.

17. The LCD of claim 16, wherein the first direction and the
first or the second polarization directions have an included
angle of 45 degrees.

18. The LCD of claim 1, wherein the pixel region further
comprises a passivation layer disposed between the pixel
electrode and the lower substrate, the passivation layer has at
least one slit corresponding to the edge of the pixel electrode,
and the passivation layer with the slit and the pixel electrode
compose a groove structure.
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