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LIQUID CRYSTAL DISPLAY HAVING
PARTICULAR PIXEL STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority benefit of Chinese
Patent Application No. 201110225983.5, filed on Aug. 1,
2011, and Chinese patent application No. 201210123880.2,
filed on Apr. 25, 2012. The entirety of the above-mentioned
patentapplications is hereby incorporated by reference herein
and made a part of this specification.

TECHNICAL FIELD

This description relates to display technologies, and more
particularly relates to a liquid crystal display (LCD).

DESCRIPTION OF BACKGROUND

TFT-LCDs (Thin Film Transistor-Liquid Crystal Displays)
are widely used in the field of flat panel display because of
their low radiation, thinness and low power consumption etc.
Most of the desktop TFT-LCDs are based on the TN (Twisted
Nematic) mode, however, two electrodes of TN-type liquid
crystal displays are respectively formed on the upper and
lower substrates, and the liquid crystal molecules rotate in a
plane orthogonal to the substrates. Due to the optical anisot-
ropy of liquid crystal molecules, the optical path lengths of
the light entering the human eyes after passing by the liquid
crystal molecules from different angles are different; this
inevitably leads to the viewing angle problem.

In order to solve the viewing angle problem, the TN type
LCDs are commonly added a viewing angle compensation
film thereon when they are personally used or used in office
environments where high requirement of viewing angle is not
asked for. While, requirements of viewing angles for televi-
sion and handheld PDA (Personal Digital Assistant) products
are higher, several new LCD display models, such as the FFS
(Fringe Field Switching) mode, IPS (In-Plane Switching)
mode are applied to the related products. FIG. 1 discloses a
cross-sectional structure of an existing FFS type LCD. As
shown in FIG. 1, both of the first electrode 81 and the second
electrode 82 of the FFS type LCD 800 are formed on the
bottom substrate and disposed on different layers; and in the
pixel areas, the first electrode 81 is configured as an entire
plane but the second electrode 82 is configured in strips. FIG.
2 discloses a cross-sectional structure of an existing IPS type
LCD. Asshown in FIG. 2, both of the first electrode 91 and the
second electrode 92 of the IPS type LCD 900 are formed on
the bottom substrate and disposed on the same layer; and in
the pixel areas, the first electrode 91 and the second electrode
92 are configured by interlaced strips. Since in the FFS type
LCD 800 and the IPS type LCD 900, the first electrodes 81, 91
and the second electrodes 82, 92 are formed on the same
substrate, the liquid crystal molecules rotate in a plane paral-
lel to the substrate, and thus the viewing angle characteristics
can be improved to achieve a wide viewing angle display.

For the TN type LCDs added with a viewing angle com-
pensation film with low technical threshold, they are widely
used. However, because the compensation film is fixed, it
cannot be realized to compensate for arbitrary gray scale at
any angle. Therefore, the inherent gray scale inversion phe-
nomenon in the TN type LCDs still remains. For the FFS type
and IPS type LCDs with high technical threshold, they are
monopolized by patent owners with high royalties.
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Therefore, it is necessary to provide improved technical
solutions to overcome the above technical problems in the
existing technology.

SUMMARY

The present embodiment is to provide an LCD having
wider viewing angle scope, higher transmittance, and shorter
response time.

To solve these technical problems, the present embodiment
provides a LCD including a first substrate, a second substrate
opposing to the first substrate, a liquid crystal layer sand-
wiched between the first substrate and the second substrate, a
first alignment film disposed on the first substrate and a sec-
ond alignment film disposed on the second substrate. The first
substrate comprises multiple scanning lines and multiple data
lines intercrossed with the multiple scanning lines to define
multiple pixel areas. Each pixel area comprises multiple first
electrodes which are electrically interconnected together and
multiple second electrodes which are electrically intercon-
nected together. The first electrodes and the second electrodes
are disposed on different layers and mutually intersected to
define multiple sub-pixel areas. Each sub-pixel area further
comprises two protrusion-shaped patterns facing each other.
The protrusion-shaped patterns are configured on two adja-
cent first electrodes where the first electrodes and the second
electrodes are not overlapped. An angle within a range of 5-20
degrees is defined between the vertex connection direction of
the two protrusion-shaped patterns facing each other and the
rubbing direction of the first alignment film and the second
alignment film.

The LCD of the present embodiment has electrodes mutu-
ally intersected in each pixel area and two protrusion-shaped
patterns facing each other in each sub-pixel area, and the
angle between the vertex connection direction of the two
protrusion-shaped patterns and the rubbing direction of the
first alignment film and the second alignment film is within
the range of 5-20 degrees. This ensures the liquid crystal
molecules to be twisted toward a same direction when the
LCDis working, so that the LCD can achieve a wider viewing
angle scope, higher transmittance, and shorter response time.

Moreover, the LCD of the present embodiment adopts a
display mode different from the existing FFS and IPS display
mode. It is of great significance to break the technology
monopoly for FFS and IPS type LCDs.

Other aspects and features of the present invention become
apparent through the following detailed explanation referring
to the drawings. But it should be aware that the drawings are
only for the purposes of interpretation, rather than the scope
limit of the invention which should refer to the attached
claims. Also it should be aware that the drawings are only
trying to illustrate the concept of the structures and processes
described here, they are unnecessary to be accurately scaled
unless otherwise indicated.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of an existing FFS type
LCD.

FIG. 2 is a cross-sectional view of an existing IPS type
LCD.

FIG. 3 is a planar view of a first substrate of an LCD
according to a first embodiment.

FIG. 4 is a partially enlarged view of a sub-pixel area of
FIG. 3.

FIG. 5a is a cross-sectional view of FIG. 3 taken along the
A-A line.
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FIG. 55 is a cross-sectional view of FIG. 3 taken along the
B-B line.

FIG. 5¢ is a cross-sectional view of FIG. 3 taken along the
C-Cline.

FIG. 6 is a diagram for contrasting the transmittance/volt-
age curve of the LCD of the first embodiment with those of
two additional LCDs.

FIG. 7 is a diagram for contrasting the transmittance/time
curve of the LCD according to the first embodiment with
those of two additional LCDs.

FIG. 8a is a top view for showing director of liquid crystal
molecules when voltage difference between the first elec-
trodes and the second electrodes of the LCD according to the
first embodiment is OV.

FIG. 85 is a top view for showing director ofliquid crystal
molecules when voltage difference between the first and sec-
ond electrodes of another LCD is OV.

FIG. 94 is a top view for showing director of liquid crystal
molecules when voltage difference between the first elec-
trodes and the second electrodes of the LCD according to the
first embodiment is 5V.

FIG. 95 is a top view for showing director of liquid crystal
molecules when voltage difference between the first and sec-
ond electrodes of another LCD is 5V.

FIG. 10a is a simulated diagram for illustrating transmit-
tance of the LCD according to the first embodiment when
voltage difference between the first and second electrodes is
5V.

FIG. 104 is a simulated diagram for illustrating transmit-
tance of another LCD when voltage difference between the
first and second electrodes is 5V.

FIG. 11 is a diagram for contrasting the transmittance/time
curve of the LCD of'the first embodiment with that of another
LCD.

FIG. 12a is a simulated diagram for illustrating viewing
angle scope of the LCD according to the first embodiment.

FIG. 125 is a simulated diagram for illustrating viewing
angle scope of another LCD.

FIG. 13 is a diagram for contrasting the transmittance/
voltage curve of the LCD of the first embodiment with those
of three additional LCDs.

FIG. 14 is a diagram for contrasting the transmittance/time
curve of the LCD of the first embodiment with those of three
additional LCDs.

FIG. 15 is a diagram for contrasting the transmittance/
voltage curves of the LCD according to the first embodiment
when the LCD according to the first embodiment has different
gap widths between two adjacent first electrodes.

FIG. 16 is a diagram for contrasting the transmittance/time
curves of the LCD according to the first embodiment when
the LCD according to the first embodiment has different gap
widths between two adjacent first electrodes.

FIG. 17 is a diagram for contrasting the transmittance/
voltage curves of the LCD according to the first embodiment
when the LCD according to the first embodiment has different
gap widths between two adjacent second electrodes.

FIG. 18 is a diagram for contrasting the transmittance/time
curves of the LCD according to the first embodiment when
the LCD according to the first embodiment has different gap
widths between two adjacent second electrodes.

FIG. 19 is a flow chart of a method for manufacturing the
first substrate of the LCD of the first embodiment as shown in
FIG. 3.

FIG. 20 is a planar view of a first substrate of an LCD
according to a second embodiment.

FIG. 21a is a cross-sectional view of FIG. 20 taken along
the D-D line.
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FIG. 215 is a cross-sectional view of FIG. 20 taken along
the E-E line.

FIG. 21c¢ is a cross-sectional view of FIG. 20 taken along
the F-F line.

FIG. 22 is a flow chart of manufacturing the first substrate
of the LCD of the second embodiment as shown in FIG. 20.

FIG. 23 is a planar view of a first substrate of an LCD
according to a third embodiment.

FIG. 24 is a schematic view of first and second electrodes
of FIG. 23.

FIG. 25 is a diagram for contrasting the color-difference/
angle curve of the LCD according to the third embodiment
with that of the existing FFS type LCD.

FIG. 26 is a simulated diagram of illustrating contrast ratio
of the LCD according to the third embodiment.

FIG. 27 is a planar view of a first substrate of an LCD
according to a fourth embodiment.

FIG. 28 is a partially enlarged view of a sub-pixel area of
FIG. 27.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

In order to make the above-mentioned objects, features and
advantages of the present invention more obvious and easily
understood, the following detailed description will be made
combined with the accompanying drawings on the embodi-
ments of the present invention.

It should be noted that, the drawings of the description only
show the relevant structural features of the present embodi-
ment, and other structural features are omitted for purpose of
clarity.

AnLCD according to the present embodiment comprises a
first substrate 100, 200, 300, 400 and a second substrate (not
shown) which are disposed oppositely, and a liquid crystal
layer (not shown) sandwiched between the first substrate 100,
200, 300, 400 and the second substrate. The first substrate
100, 200, 300, 400 of the present embodiment can have mul-
tiple implementations, thus multiple LCDs can be imple-
mented respectively, based on the various first substrates 100,
200, 300, 400. The L.CD of the present embodiment, espe-
cially the first substrate 100, 200, 300, 400 of the LCD and the
pixel structures are described in detail hereafter. The term
“multiple” referred to herein in the instant disclosure is the
same as “a plurality of”. In other words, multiple and a plu-
rality of can be used interchangeably.

First Embodiment

FIGS. 3-4 and FIGS. 5a-5¢ illustrate the first substrate 100
of the LCD according to a first embodiment. For purpose of
clarity, F1G. 3 only shows one pixel area P of the first substrate
100. As shown in FIGS. 3-4 and FIGS. 5a-5c¢, the first sub-
strate 100 of the LCD according to the first embodiment
comprises a transparent substrate 10, and multiple scanning
lines 11, multiple data lines 12, and thin-film transistors 14
formed on the transparent substrate 10. The thin-film transis-
tors 14 are disposed at the intersections of the scanning lines
11 and the data lines 12. Each thin-film transistor 14 com-
prises a gate electrode 141 electrically connected to the cor-
responding scanning line 11, a semiconductor layer 142, a
source electrode 143 electrically connected to the corre-
sponding data line 12, and a drain electrode 144 electrically
connected to the pixel electrode. The scanning lines 11 are
intercrossed with the data lines 12 to define multiple pixel
areas P, that is, two adjacent scanning lines 11 are intercrossed
with two adjacent data lines 12 to define a pixel area P.
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Each pixel area. P comprises multiple first electrodes 15
electrically interconnected together and multiple second elec-
trodes 16 electrically interconnected together. In the first
embodiment, the first electrodes 15 are electrically intercon-
nected together through multiple electrode junction bars 154
which are parallel to the second electrodes 16 and located at
aborder ofthe corresponding pixel area P. In the first embodi-
ment, the first electrodes 15, the second electrodes 16 and the
electrode junction bars 154 are transparent electrodes, and
formed by, for example, ITO (Indium Tin Oxide) or other
transparent conductive materials. The first electrodes 15 and
the second electrodes 16 are located on different layers with
an insulating layer disposed therebetween. The first elec-
trodes 15 and the second electrodes 16 are mutually inter-
sected to define multiple sub-pixel areas P1. Preferably, each
pixel area P comprises at least four or more sub-pixel areas
P1, thereby improving the transmittance. The amount of the
sub-pixel areas P1 as shown in FIG. 3 is for explanation
convenience only and cannot be used to limit the scope of the
present invention. In fact, the amount of the sub-pixel areas
P1 of the present embodiment can be reasonably chosen
according to actual size and process conditions of the LCD.

As shown in FIG. 3 and FIG. 4, in each sub-pixel area P1 of
the first embodiment, two protrusion-shaped patterns 150
facing each other are formed on the first electrodes 15, where
the first electrodes 15 and the second electrodes 16 are not
overlapped. The protrusion-shaped patterns 150 are triangu-
lar protrusion-shaped patterns or curved protrusion-shaped
patterns, such as semi-circular protrusion-shaped patterns or
any other protrusion-shaped patterns with a curved edge. In
order to facilitate the description, triangular protrusion-
shaped patterns 150 are used as an example to illustrate the
embodiments of the present invention.

The triangular protrusion-shaped patterns 150 are disposed
on a middle of corresponding first electrodes 15 of the sub-
pixel area P1, so as to ensure symmetry of the electric field
generated by the sub-pixel area P1 during operation of the
LCD. Preferably, all triangular protrusion-shaped patterns
150 have the same structure so as to ensure the uniformity of
the electric field generated by the entire pixel area P during
work of the LCD.

The LCD of the present embodiment also comprises a first
alignment film (not shown) disposed on the first substrate 100
and a second alignment film (not shown) disposed on the
second substrate. In the first embodiment, an angle ¢ within a
range of 5-20 degrees is defined between the rubbing direc-
tion of the first alignment film and the second alignment film
and the vertex connection direction of the protrusion-shaped
patterns 150 facing each other in each sub-pixel area. P1.
Preferably, the angle ¢ is 7 degrees, which enables the initial
torques of the liquid crystal molecules 3 to twist toward in one
direction, to geta larger torque and shorter response time, and
makes the liquid crystal molecules 3 twisted toward in a same
direction to increase the transmittance of the LCD.

As shown in FIG. 3, in the present embodiment, the first
electrodes 15 are substantially parallel strips and the second
electrodes 16 also are substantially parallel strips.

As shown in FIG. 3 and FIG. 4, an angle 0 between the first
electrodes 15 and the second electrodes 16 is within arange of
50-150 degrees, which allows the liquid crystal molecules 3
to have a faster response speed. In the first embodiment, the
first electrodes 15 and the second electrodes 16 are perpen-
dicular to each other. Specifically, the first electrodes 15 are
substantially parallel to the scanning line 11 and the second
electrodes 16 are substantially parallel to the data line 12,
which makes the LCD to have a more regular pixel structure.
However, the arrangement of the first electrodes 15 and the
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second electrodes 16 ofthe present embodiment is not limited
as the above-mentioned. Practically, the first electrodes 15
can also be substantially parallel to the data line 12 and the
second electrodes 16 are thus substantially parallel to the
scanning line 11.

As shown in FIG. 4, an internal angle of each triangular
protrusion-shaped pattern 150 near the corresponding first
electrode 15 is within a range of 0-60 degrees, thereby the
liquid crystal molecules 3 can rotate faster and transmittance
can thereby be increased.

As shown in FIGS. 5a-5¢, in the first substrate 100 of the
first embodiment, the first electrodes 15 are the pixel elec-
trodes electrically connected to the drain electrode 144 of the
thin-film transistor 14, and the triangular protrusion-shaped
patterns 150 are configured on the pixel electrodes. The sec-
ond electrodes 16 are common electrodes. And in the first
substrate 100 of the first embodiment, the pixel electrodes are
disposed at a lower layer, and the common electrodes are
disposed on an upper layer. That is, the common electrodes
are disposed above the pixel electrodes, and the insulating
layer sandwiched between the pixel electrodes and the com-
mon electrodes is a passivation layer 18.

Contrasted with the existing FFS type LCD in which the
upper electrodes are configured by strips in the entire pixel
area P but the lower electrodes are configured by an entire
plane in the entire pixel area P, the main advantages of the
LCD of the present embodiment are that all the upper and
lower electrodes of the first substrate 100 are configured by
strips in the entire pixel area P, only part of the upper elec-
trodes in the entire pixel area P are overlaid by the transparent
lower electrodes because the lower electrodes are configured
by strips, which facilitates to increase the transmittance.

In the LCD of the present embodiment, the first electrodes
15 and the second electrodes 16 are disposed on the first
substrate 100, and the first electrodes 15 and the second
electrodes 16 are separated by an insulating layer. The first
electrodes 15 and the second electrodes 16 are mutually inter-
sected, and in each sub-pixel areas P1 enclosed by the first
electrodes 15 and the second electrodes 16, the triangular
protrusion-shaped patterns 150 are formed on the first elec-
trodes 15 where the first electrodes 15 and the second elec-
trodes 16 are not overlapped. Since the LCD of the present
embodiment has mutually intersected the first electrodes 15
and the second electrodes 16 and the triangular protrusion-
shaped patterns 150, marginal electric field and horizontal
electric field are generated in each sub-pixel area P1 when a
voltage difference is applied between the first electrodes 15
and the second electrodes 16, as shown in FIG. 4. The mar-
ginal electric field and the horizontal electric field are applied
on the liquid crystal molecules 3 that can push the liquid
crystal molecules 3 to rotate faster, thus the response time of
the liquid crystal molecules 3 can be decreased. Additionally,
both of the marginal electric field and the horizontal electric
field are applied on the liquid crystal molecules 3 that can help
to decrease the driving voltage of the liquid crystal molecules
3, and finally the transmittance of the LCD can be increased.
The LCD of the present embodiment adopts a display mode
different from the existing FFS and IPS display modes. Con-
trasted with the existing FFS type and IPS type LCDs, the
LCD of the present embodiment achieves the advantages of
the LCDs in FFS and IPS display modes. It is of great signifi-
cance to break technology monopoly for FFS and IPS type
LCDs.

In addition, the storage capacitor of each pixel in the LCD
of the present embodiment exists only where the first elec-
trodes 15 and the second electrodes 16 are overlapped. Con-
trasted with the FFS type LCD, the storage capacitors of the
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present embodiment occupy a smaller area; thus, the insulat-
ing layer between the first electrodes 15 and the second elec-
trodes 16 of the LCD of the present embodiment can be
thinner contrasting with that of the FFS type LCD to reduce
the consumption of CVD (Chemical Vapor Deposition).
Therefore, the manufacturing process of the LCD of the
present embodiment is faster than that ofthe FFS type LCDs,
thereby improving the yield.

FIG. 6 is a diagram for contrasting the transmittance/volt-
age curve of the LCD of the first embodiment with those of
two additional LCDs. In FIG. 6, curves @, @ and @ are
generated in the same simulation conditions. Curve (1) is the
transmittance/voltage curve of the LCD of the first embodi-
ment having intersected electrodes structure and triangular
protrusion-shaped patterns structure, curve @ is the trans-
mittance/voltage curve of a FFS type LCD, and curve @ is
the transmittance/voltage curve of the LCD having inter-
sected electrodes structure but without triangular protrusion-
shaped patterns structure. As shown in FIG. 6, it can be seen
from curve (3) that the transmittance of the LCD is higher
when the first electrodes 15 and the second electrodes 16
disposed on different layers are mutually intersected. How-
ever, it can be seen clearly from curve (2) and curve @, the
transmittance of the LCD only having intersected first elec-
trodes 15 and second electrodes 16 is not yet as high as that of
the FFS type LCD. Contrasting curve é and curve @ of
FIG. 6, intersected electrodes structure and triangular protru-
sion-shaped patterns structure applied in the LCD can greatly
increase the transmittance; that is, the LCD with triangular
protrusion-shaped patterns structure is superior to the LCD
without triangular protrusion-shaped patterns structure, in
aspects of transmittance. Furthermore, contrasting curve
and curve @ of FIG. 6, it can be seen clearly that the LCD
with intersected electrodes structure and triangular protru-
sion-shaped patterns structure according to the first embodi-
ment has higher transmittance than the FFS type LCD.

FIG. 7 is a diagram for contrasting the transmittance/time
curve of the LCD of the first embodiment with those of two
additional LCDs. InFIG. 7, curves @, @ and (are generated
in the same simulation conditions. Curve (1) is the transmit-
tance/time curve of the LCD of the first embodiment having
intersected electrodes structure and triangular protrusion-
shaped patterns structure, curve (2 ) is the transmittance/time
curve ofan FFS type LCD, and curve @ is the transmittance/
time curve of the LCD having intersected electrodes structure
but without triangular protrusion-shaped patterns structure.
In addition, in the table of FIG. 7, Ton is designated as the
rotating time required by the liquid crystal molecules in order
to increase the transmittance from 10% to 90%. Toff is des-
ignated as the rotating time required by the liquid crystal
molecules in order to decrease the transmittance from 90% to
10%. It can be seen from F1G. 7, for the LCD according to the
first embodiment having intersected electrodes structure and
triangular protrusion-shaped patterns structure, the Ton value
is significantly less than that of the LCD having intersected
electrodes structure but without triangular protrusion-shaped
patterns structure, while the Toff value is close to that of the
LCD having intersected electrodes structure but without tri-
angular protrusion-shaped patterns structure. Further, con-
trasted with the LCD having intersected electrodes structure
but without triangular protrusion-shaped patterns structure,
the Ton value and Toff value of the LCD according to the first
embodiment having intersected electrodes structure and tri-
angular protrusion-shaped patterns structure are more close
to those of FFS type LCD. Therefore, the LCD with triangular
protrusion-shaped pattern structure is also superior to the
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LCD without triangular protrusion-shaped patterns structure,
relating to aspects of response time.

In summary, the LCD of the first embodiment having inter-
sected electrodes structure with triangular protrusion-shaped
patterns structure is superior to the L.CD having intersected
electrodes structure without triangular protrusion-shaped
patterns structure not only in aspects of transmittance but also
in aspects of response time of the liquid crystal molecules.

In order to clearly explain the present embodiment, the
advantages of the present embodiment are shown hereafter by
comparison between the LCD according to the first embodi-
ment and an another LCD. In the first embodiment, the LCD
forms two triangular protrusion-shaped patterns facing each
other on the first electrodes 15 of each sub-pixel area P1; and
the rubbing direction of the first and second alignment films is
angled to the vertex connection direction of the two triangular
protrusion-shaped patterns 150 by an angle of 7 degrees.
However, said another LCD forms, in each sub-pixel area. P1,
two triangular protrusion-shaped patterns facing each other
disposed on the first electrodes 15 and two triangular protru-
sion-shaped patterns facing each other disposed on the sec-
ond electrodes 16; that is, there are four triangular protrusion-
shaped patterns in each sub-pixel area P1. Furthermore, in
said another LCD, the rubbing direction of the first and sec-
ond alignment films is parallel to the vertex connection direc-
tion of the two triangular protrusion-shaped patterns disposed
on the adjacent first electrodes 15, and perpendicular to the
vertex connection direction of the two triangular protrusion-
shaped patterns disposed on the adjacent second electrodes
16.

FIG. 8a is a top view for showing director of the liquid
crystal molecules when voltage difference between the first
electrodes and the second electrodes of the LCD according to
the first embodiment is OV. FIG. 85 is a top view for showing
director of the liquid crystal molecules when voltage differ-
ence between the first and second electrodes of another LCD
is Ov. As shown in FIG. 8a, when thereis no voltage difference
between the pixel electrodes and the common electrodes of
the LCD according to the first embodiment, i.e., the voltage
difference between the first electrodes 15 and the second
electrodes 16 ofthe LCD according to the first embodiment is
0V, the director of the liquid crystal molecules 3 is angled to
the vertex connection direction of the two triangular protru-
sion-shaped patterns 150 by an angle of 7 degrees. While as
shown in FIG. 86, when there is no voltage difference
between the pixel electrodes and the common electrodes of
said another LCD, i.¢., the voltage difference between the first
electrodes 15 and the second electrodes 16 of said another
LCD is 0V, the director of the liquid crystal molecules 3 is
parallel to the vertex connection direction of the two triangu-
lar protrusion-shaped patterns 150 configured on the first
electrodes 15 and perpendicular to the vertex connection
direction of the two triangular protrusion-shaped patterns 150
configured on the second electrodes 160.

FIG. 9a is a top view for showing director of the liquid
crystal molecules when voltage difference between the first
electrodes and the second electrodes of the LCD according to
the first embodiment is 5V. FIG. 95 is a top view for showing
director of the liquid crystal molecules when voltage differ-
ence between the first and second electrodes of another LCD
is 5v. As shown in FIG. 9a, when the voltage difference
between the pixel electrodes and the common electrodes of
the LCD according to the first embodiment is 5V, i.e., the
voltage difference between the first electrodes 15 and the
second electrodes 16 of the LCD according to the first
embodiment is 5V, the liquid crystal molecules 3 are twisted
toward a same direction. While as shown in F1G. 95, when the
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voltage difference between the pixel electrodes and the com-
mon electrodes of said another LCD is 5V, i.e., the voltage
difference between the first electrodes 15 and the second
electrodes 16 of said another LCD is 5V, the liquid crystal
molecules 3 are twisted toward two symmetrical directions.
In order to achieve two symmetrically twisting directions of
the liquid crystal molecules 3, the intervals between the sec-
ond electrodes 16 of said another LCD must be relatively
large, preferably larger than 8 pum, for example, the intervals
between the second electrodes 16 of said another LCD shown
in FIG. 95 is 11 pm. However, the LCD according to the first
embodiment can achieve the above-mentioned result of twist-
ing the liquid crystal molecules 3 toward the same direction,
even though the intervals between the second electrodes 16 is
as small as, for example, 5 um.

FIG. 10¢ is a simulated diagram for illustrating transmit-
tance of the LCD according to the first embodiment when
voltage difference between the first and second electrodes is
5V.FIG. 105 is a simulated diagram for illustrating transmit-
tance of another LCD when voltage difference between the
first and second electrodes is 5V. As shown in FIGS. 10a-105,
clearly, the LCD according to the first embodiment has a
greater transmittance than said another LCD under the same
conditions.

FIG. 11 is a diagram for contrasting the transmittance/
voltage curve of the LCD of the first embodiment with that of
another LCD. Curves (1) and (2) in FIG. 11 are generated in
the same simulation onditions. Curve @ isthe transmittance/
voltage curve of the LCD according to the first embodiment,
and curve (2) is the transmittance/voltage curve of another
LCD. As shown in FIG. 11, in the same simulating area and
under the condition of the same driving voltage, the transmit-
tance of the LCD according to the first embodiment is more
superior to that of said another LCD. For example, when the
driving voltage is 6V, the transmittance of the LCD according
to the first embodiment is 8%, but the transmittance of said
another LCD is only 5%. It can be seen that the transmittance
of the LCD according to the first embodiment is 1.6 times of
that of said another LCD.

FIG. 124 and F1G. 124 illustrate the difference of the LCD
according to the first embodiment from another LCD in view-
ing angle scope. FIG. 12a is a simulated diagram for illus-
trating viewing angle scope of the LCD according to the first
embodiment. FIG. 125 is a simulated diagram for illustrating
viewing angle scope of said another LCD. As shown in FIG.
12a, the LCD according to the first embodiment with a con-
trast ratio of 10:1 has marginal viewing angles of 58.7
degrees, 67.5 degrees, 80.3 degrees and 72.5 degrees, respec-
tively. However, as shown in FIG. 12, said another LCD with
a contrast ratio of 10:1 has marginal viewing angles of 54.5
degrees, 54.6 degrees, 65.4 degrees and 65.3 degrees, respec-
tively. In other words, the LCD according to the first embodi-
ment has a higher viewing angle scope relative to said another
LCD.

In addition, in order to highlight the advantages of the LCD
according to the first embodiment, it would be contrasted with
three additional LCDs. The LCD according to the first
embodiment forms two triangular protrusion-shaped patterns
150 facing each other on the first electrodes 15 in each sub-
pixel area P1, i.e., only two triangles protrusion-shaped pat-
terns 150 exist in each sub-pixel area P1; and furthermore the
rubbing direction of the first alignment film and the second
alignment film is angled to the vertex connection direction of
the two protrusion-shaped pattern 150 by an angle of 7
degrees. The first additional LCD forms two triangular pro-
trusion-shaped patterns 150 facing each other on the first
electrodes 15 in each sub-pixel area P1, i.e., only two tri-
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angles protrusion-shaped patterns 150 exist in each sub-pixel
area P1; but the rubbing direction of the first alignment film
and the second alignment film is parallel to the vertex con-
nection direction of the two protrusion-shaped patterns 150.
The second additional L.CD in each sub-pixel area P1 forms
not only two triangular protrusion-shaped patterns 150 facing
each other on the first electrodes 15, but also two triangular
protrusion-shaped patterns 150 facing each other on the sec-
ond electrodes 16, i.e., four triangles protrusion-shaped pat-
terns 150 exist in each sub-pixel area P1, and the rubbing
direction of the first alignment film and the second alignment
film is parallel to the vertex connection direction of the two
protrusion-shaped patterns 150 disposed on the first electrode
15. The third additional LCD in each sub-pixel area P1 forms
notonly two triangular protrusion-shaped patterns 150 facing
each other on the first electrodes 15, but also two triangular
protrusion-shaped patterns 150 facing each other on the sec-
ond electrodes 16, i.e., four triangular protrusion-shaped pat-
terns 150 exist in each sub-pixel area P1 and the rubbing
direction of the first alignment film and the second alignment
film is angled to the vertex connection direction of the two
protrusion-shaped pattern 150 disposed on the first electrodes
15 by an angle of 7 degrees.

FIG. 13 is a diagram for contrasting the transmittance/
voltage curve of the LCD of the first embodiment with those
of three additional LCDs. The curves @, @, @ and @ in
FIG. 13 are generated under the same simulation conditions.
Curve is the transmittance/voltage curve of the LCD
according 1o the first embodiment, curve (2) is the transmit-
tance/voltage curve of the first additional LCD, the curve
is the transmittance/voltage curve of the second additional
LCD, and curve @ is the transmittance/voltage curve of the
third additional LCD. It can be known from curves (1) and
in FIG. 13, under the condition of the same driving voltage,
the LCD according to the first embodiment is clearly superior
to the first additional LCD, in aspects of transmittance. It can
be easily known from curves and (4) in FIG. 13, the
second additional LCD is clearly superior to the third addi-
tional LCD, in aspects of transmittance. It can be also clearly
seen from the four curves in F1G. 13, regardless whether there
is an angle or not between the rubbing direction of the first and
second films and the vertex connection direction of the pro-
trusion-shaped patterns 150 disposed on the first electrodes
15, the LCD only with two protrusion-shaped patterns in each
sub-pixel area P1 is superior in aspects of transmittance to the
LCDs with four protrusion-shaped patterns in each sub-pixel
area P1. Furthermore, it can be seen from FIG. 13, in the same
simulating area and under the condition of the same driving
voltage, the LCD according to the first embodiment has the
highest transmittance compared to the three additional LCDs.

FIG. 14 is a diagram for contrasting the transmittance/time
curve of the LCD of the first embodiment with those of three
additional LCDs. The curves (1), (2), 3) and (4) in FIG. 14
are generated under the same simulation conditions. Curve
(D is the transmittance/time curve of the LCD according to
the first embodiment, curve is the transmittance/time
curve of the first additional LCD, the curve (3) is the trans-
mittance/time curve of the second additional LCD, and curve

is the transmittance/time curve of the third additional
LCD. It can be known from curves @ and @ in FIG. 14, the
LCD according to the first embodiment is clearly superior to
the first additional LCD, in aspects of transmittance and
response time. It can be known from curves (3) and (4) in
FIG. 14, the second additional LCD is clearly superior to the
third additional LCD, in aspects of transmittance and
response time. It can be also clearly seen from the four curves
in FIG. 14, regardless whether there is an angle or not
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between the rubbing direction of the first and second films and
the vertex connection direction of the protrusion-shaped pat-
terns disposed on the first electrodes, the LCD only with two
protrusion-shaped patterns in each sub-pixel area P1 is supe-
riorin aspects of transmittance and response time to the LCDs
with four protrusion-shaped patterns in each sub-pixel area
P1. Tt can also be seen from FIG. 14, in the same simulating
condition, the LCD according to the first embodiment has the
quickest response time and the highest transmittance com-
pared to the three additional LCDs.

Please refer to FIGS. 3-4 again, a width L1 of the first
electrodes 15 and a width L2 of the second electrodes 16 are
within a range of 2-5 um. Since disclination lines exist right
above the first electrodes 15 and the second electrodes 16, the
thinner the width L1 of the firstelectrodes 15 and the width 1.2
of the second electrodes 16 are, the better the LCD is. But
considering the actual process capability, preferably, the
width L1 of the first electrodes 15 and the width L2 of the
second electrodes 16 are supposed to be 2-5 pm.

Inaddition, in each sub-pixel area P1, the first electrodes 15
are located below the second electrodes 16, therefore, the gap
width L3 between two adjacent second electrodes 16 located
in an upper layer is in a range of 3-8 um, the gap width [.4
between two adjacent first electrodes 15 located in a lower
layer is in a range of 0-6 um, and the distance L5 between the
two triangular protrusion-shaped patterns 150 disposed on
the first electrodes 15 is in a range of 0-6 pm.

FIG. 15 is a diagram for contrasting the transmittance/
voltage curves of the LCD according to the first embodiment
when the LCD according to the first embodiment has different
gap widths 1.4 between two adjacent first electrodes 15. As
shown in FIG. 15, under the condition that the voltage differ-
ence between the first electrodes 15 and the second electrodes
16 is 5V, the transmittance of the LCD is 8.5% when the gap
width L4 between the two adjacent first electrodes 15 1s 2 um,
the transmittance of the LCD is 8.3% when the gap width L4
between the two adjacent first electrodes 15 is 3 um, the
transmittance of the LCD is 7.3% when the gap width L4
between the two adjacent first electrodes 15 is 4 um, the
transmittance of the LCD is 6.5% when the gap width L4
between the two adjacent first electrodes 15 is 5 um, and the
transmittance of the LCD is 5.5% when the gap width
between the two adjacent first electrodes 15 is 6 um. When the
gap width L4 is greater than 6 pum, the transmittance signifi-
cantly drops. Therefore, the gap width 1.4 is preferably less
than 6 pm, and proposed to be within the range of 0-6 pm in
the present embodiment.

FIG. 16 is a diagram for contrasting the transmittance/time
curves of the LCD according to the first embodiment when
the LCD according to the first embodiment has different gap
widths L4 between two adjacent first electrodes 15. As shown
in F1G. 16, when the gap widths L4 between the two adjacent
first electrodes 15 are 2 um, 3 um, 5 um and 6 pm, respec-
tively, the response times of the LCD according to the first
embodiment in turn are 27.87 ms, 30.58 ms, 29.76 ms, 29.17
ms and 39.82 ms correspondingly. When the gap width L4 is
greater than 6 pm, the response time is significantly
increased. Therefore, the gap width L4 is preferably less than
6 um, and proposed to be within the range of 0-6 pm in the
present embodiment.

FIG. 17 is a diagram for contrasting the transmittance/
voltage curves of the LCD according to the first embodiment
when the LCD according to the first embodiment has different
gap widths [.3 between two adjacent second electrodes 16. As
shown in FIG. 17, under the condition that the voltage differ-
ence between the first electrodes 15 and the second electrodes
16 is 5V, when the gap width L3 between the two adjacent
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second electrodes 16 are 3 pm, 4 pm, 5 wm, 6 wm and 7 pm,
respectively, the transmittance of the LCD in turn are 5.3%,
7.0%, 7.3%, 7.7% and 8.0% correspondingly. When the gap
width L3 is less than 4 um, the transmittance significantly
drops. Therefore, the gap width 13 is preferably greater than
4 um. In the present embodiment, the gap width L3 is pro-
posed to be within the range of 3-8 um, and particularly
within the range of 4-7 um.

FIG. 18 is a diagram for contrasting the transmittance/time
curves of the LCD according to the first embodiment when
the LCD according to the first embodiment has different gap
widths L3 between two adjacent second electrodes 16. As
shown in FIG. 18, when the gap widths .3 between the two
adjacent second electrodes 16 are 3 pm, 4 pm, S um, 6 pm and
7 um, respectively, the response times of the LCD according
to the first embodiment in turn are 32.48 ms, 30.66 ms, 29.85
ms, 30.90 ms and 29.10 ms correspondingly. When the gap
width L3 is less than 4 pm, the response time is significantly
increased. Therefore, the gap width L3 is preferably greater
than 4 pm. In the present embodiment, the gap width L3 is
proposed to be within the range of 3-8 um, and particularly
within the range of 4-7 um.

The first substrate 100 of the first embodiment can be
manufactured by the following six mask processes. FIG. 19 is
a flow chart of manufacturing the first substrate 100 of the
LCD of the first embodiment. The manufacturing process of
the first substrate 100 according to the first embodiment will
be described in detail hereafter, referring to FIG. 19, FIG. 3
and FIGS. 5a-5¢.

Referring to FIG. 19, FIG. 3 and FIGS. 5a-5c¢, in step S11,
a first metal layer is formed and patterned by a first mask
process.

Specifically, the first metal layer and a photo-resist layer
are formed in turn on the transparent substrate 10, the first
photo-resist layer is exposed and developed using a first mask
pattern to form a first photo-resist layer pattern; and then the
first metal layer is etched to be patterned using the first photo-
resist layer pattern as a mask, in order to form the scanning
lines 11 and the gate electrodes 141 of the thin film transistors
14; and then the first photo-resist layer is removed.

In step S12, a gate insulation layer 17, an amorphous sili-
con layer and a doped amorphous silicon layer are formed in
turn and the doped amorphous silicon layer and the amor-
phous silicon layer are patterned by a second mask process.

Specifically, the gate insulation layer 17, the amorphous
silicon layer, the doped amorphous silicon layer and a second
photo-resist layer are formed in turn on the transparent sub-
strate 10 with the patterned first metal layer, and the second
photo-resist layer is exposed and developed using a second
mask pattern to form a second photo-resist layer pattern; and
then the doped amorphous silicon layer and the amorphous
silicon layer are etched to be patterned using the second
photo-resist layer pattern as a mask, in order to form a semi-
conductor layer 142 of the thin film transistor 14; and then the
second photo-resist layer is removed.

In step S13, a first transparent conductive layer is formed
and the first transparent conductive layer is patterned, by a
third mask process.

Specifically, a first transparent conductive layer and a third
photo-resist layer are formed in turn on the transparent sub-
strate 10 with the second mask pattern, and the third photo-
resist layer is exposed and developed using a third mask
pattern to form a third photo-resist layer pattern; and then the
first transparent conductive layer is etched to be patterned
using the third photo-resist layer pattern as a mask, in order to
form multiple strips of pixel electrodes, i.e., the first elec-
trodes 15 which are electrically connected to each other, and
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form triangular protrusion-shaped patterns 150 which are
configured on the first electrodes 15 where the first electrodes
15 and the subsequently formed common electrodes i.e., the
second electrodes 16 are not overlapped; and then the third
photo-resist layer is removed.

In step S14, a second metal layer is formed and patterned
by a fourth mask process.

Specifically, a second metal layer and a fourth photo-resist
layer are formed in turn on the transparent substrate 10 with
the third mask pattern, and the fourth photo-resist layer is
exposed and developed using a fourth mask pattern to form a
fourth photo-resist layer pattern; and the second metal layer is
etched to be patterned using the fourth photo-resist layer
pattern as a mask, in order to form the data lines 12, the source
electrodes 143 and drain electrodes 144 of the thin film tran-
sistors 14, wherein the drain electrodes 144 of the thin film
transistors 14 are directly electrically connected to the pixel
electrodes 15; and then the fourth photo-resist layer is
removed.

In step S15, apassivation layer 18 is formed and patterned
by a fifth mask process.

Specifically, the passivation layer 18 and a fifth photo-
resist layer are formed in turn on the transparent substrate 10
with the fourth mask pattern, and the fifth photo-resist layer is
exposed and developed using a fifth mask pattern to form a
fifth photo-resist layer pattern; and then the passivation layer
18 and the gate insulation layer 17 below the passivation layer
18 are etched to be patterned using the fifth photo-resist layer
pattern as amask, in order to form a plurality of through holes
(not shown) for connecting across a plurality of circuits; and
then the fifth photo-resist layer is removed.

In step S16, a second transparent conductive layer is
formed and patterned by a sixth mask process.

Specifically, the second transparent conductive layer and
sixth photo-resist layer are formed in turn on the transparent
substrate 10 with the fifth mask pattern, and the sixth photo-
resist layer is exposed and developed using a sixth mask
pattern to form a sixth photo-resist layer pattern; and then the
second transparent conductive layer is etched to be patterned
using the sixth photo-resist layer pattern as a mask so as to
form multiple strips of common electrodes 16 electrically
connected with each other; and then the sixth photo-resist
layer is removed.

After completing the above steps S11-S16, the first sub-
strate 100 according to the first embodiment is formed.

Second Embodiment

FI1G. 20 and FIGS. 21a-21c illustrate a first substrate 200 of
an LCD according to a second embodiment. Also for purpose
of clarity, FIG. 20 only shows one pixel area P of the first
substrate 200. The first substrate 200 according to the second
embodiment is similar to the first substrate 100 according to
the first embodiment; however it is hereafter to mainly
explain the difference of the first substrate 200 according to
the second embodiment from the first substrate 100 according
to the first embodiment. The same features of the first sub-
strates 100, 200 are omitted here and can make a reference to
the description of the first substrate 100. As shown in FIG. 20
and FIGS. 21a-21¢, in the first substrate 200 according to the
second embodiment, the first electrodes 15 are common elec-
trodes and the second electrodes 16 are pixel electrodes, and
the triangular protrusion-shaped patterns 150 are disposed on
the common electrodes. Another difference of the first sub-
strate 200 from the first substrate 100 is that in the first
substrate 200 according to the second embodiment, the com-
mon electrodes are disposed at a lower layer and the pixel
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electrodes are disposed at an upper layer, that is, the pixel
electrodes are disposed above the common electrodes, and an
insulating layer sandwiched between the pixel electrodes and
the common electrodes comprises the gate insulation layer 17
and the passivation layer 18.

Similarly, the first substrate 200 according to the second
embodiment may be manufactured by the following six mask
processes, which is, however slightly different from the pro-
cess for manufacturing the first substrate 100 according to the
first embodiment. FIG. 22 is a flow chart showing the manu-
facturing process/method of the first substrate 200 of the LCD
of the second embodiment. The manufacturing process of the
first substrate 200 according to the second embodiment will
be described in detail hereafter, referring to FI1G. 22, FIG. 20
and FIGS. 21a-21c.

Referring to FIG. 22, FIG. 20 and FIGS. 21a-21¢, in step
S21, a first transparent conductive layer is formed and pat-
terned by a first mask process, in order to form multiple strips
of common electrodes 15 electrically connected to each other
and triangular protrusion-shaped patterns 150 which are con-
figured on the common electrodes 15 where the common
electrodes 15 and the subsequently-formed pixel electrodes
16 are not overlapped.

In step S22, a first metal layer is formed and patterned by a
second mask process, in order to form the scanning lines 11,
the common electrode bus 13 and the gate electrodes 141 of
the thin film transistors 14, wherein the strips of common
electrodes 15 are directly electrically connected to the com-
mon electrode bus 13.

In step S23, a gate insulation layer 17, an amorphous sili-
con layer and a doped amorphous silicon layer are formed in
turn and the doped amorphous silicon layer and the amor-
phous silicon layer are patterned by a third mask process, in
order to form a semiconductor layer 142 of the thin film
transistor 14.

In step S24, a second metal layer is formed and patterned
by a fourth mask process, in order to form the data lines 12,
the source electrodes 143 and the drain electrodes 144 of the
thin film transistors 14.

In step S25, a passivation layer 18 is formed and patterned
by a fifth mask process, in order to form the through hole H
(see FIG. 20) via which the subsequently-formed pixel elec-
trodes 16 and the drain electrodes 144 of the thin film tran-
sistors 14 can be electrically connected and other through
holes (not shown) for connecting across circuits.

In step S26, a second transparent conductive layer is
formed and patterned by a sixth mask process, in order to
form multiple strips of pixel electrodes 16 electrically con-
nected to each other, wherein the pixel electrodes 16 are
electrically connected to the drain electrodes 144 of the thin
film transistors 14 via the through hole H.

After the above steps S21-S26, the first substrate 200
according to the second embodiment is formed.

The first substrate 200 according to the second embodi-
ment has only slight difference in the manufacturing process
as compared from that of the first substrate 100 according to
the first embodiment, but they have similar beneficial techni-
cal effects which are omitted herewith.

Third Embodiment

FIG. 23 and FIG. 24 illustrate a first substrate 300 of an
LCD according to a third embodiment. It is hereafter to
mainly explain the difference of the first substrate 300 accord-
ing to the third embodiment from the first substrate 100
according to the first embodiment. The same features of the
first substrates 100, 300 are omitted here and can make a
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reference to the description of the first substrate 100. As
shown in FIG. 23 and FIG. 24, in the first substrate 300
according to the third embodiment, the second electrodes 16
are not straight but bent, and correspondingly the first elec-
trodes 15 are not entirely in parallel arrangement. The data
lines 12 also accordingly are bent in the same way as the
second electrodes 16. Each first electrode 15 comprises a first
electrode part 151 which is arranged along a first direction,
and a second electrode part 152 which is arranged along a
second direction different from the first direction. Each sec-
ondelectrode 16 comprises a third electrode part 161 which is
intersected with the first electrode parts 151 and arranged
along a third direction, and a fourth electrode part 162 which
is intersected with the second electrode parts 152 and
arranged along a fourth direction. A pixel area P is thus
divided into two regions. During operating of the LCD, the
liquid crystal molecules 3 can generate two different rota-
tional regions and two domains in one pixel area P. Therefore,
the LCD can significantly improve color-difference and
achieve a better image display.

In one embodiment, the first electrode parts 151 of the first
electrodes 15 are connected to each other through a plurality
of first electrode junction bars 1541 which are parallel to the
third direction and located at a border of the corresponding
pixel area P. The second electrode parts 152 of the first elec-
trodes 15 are connected to each other through a plurality of
second electrode junction bars 1542 which are parallel to the
fourth direction and located at a border of the corresponding
pixel area P.

In the third embodiment, the third direction is perpendicu-
lar to the first direction, and the fourth direction is perpen-
dicular to the second direction. In other words, the first elec-
trode parts 151 of the first electrodes 15 and the third
electrode parts 161 of the second electrodes 16 are perpen-
dicular to each other, and the second electrode parts 152 of the
first electrodes 15 and the fourth electrode parts 162 of the
second electrodes 16 are perpendicular to each other.

In the third embodiment, the first electrodes 15 are pixel
electrodes and the second electrodes 16 are common elec-
trodes. The triangular protrusion-shaped patterns 150 are dis-
posed on the pixel electrodes.

As shown in FIG. 24, in the third embodiment, an angle ¢
within a range of 5-20 degrees is defined between the vertex
connection direction of the triangular protrusion-shaped pat-
terns 150 facing each other on two adjacent first electrode
parts 151 of the first electrodes 15 and the rubbing direction
R-R of the first alignment film and the second alignment film.
Moreover, an angle cp within a range of 5-20 degrees is also
defined between the vertex connection direction of the trian-
gular protrusion-shaped patterns 150 facing each other on
two adjacent second electrode parts 152 of the first electrodes
15 and the rubbing direction R-R of the first alignment film
and the second alignment film.

Moreover, on the basis of fixing the rubbing direction R-R
of the first alignment film and the second alignment film, the
second electrodes 16 can be so bent that the angle between the
vertex connection direction of the two triangular protrusion-
shaped patterns 150 disposed on the first electrode parts 151
and the rubbing direction R-R of the first alignment film and
the second alignment film is equal to the angle between the
vertex connection direction of the two triangular protrusion-
shaped patterns 150 disposed on the second electrode parts
152 and the rubbing direction R-R of the first alignment film
and the second alignment film, and both angles are within the
range of 5-20 degrees, but toward different directions respec-
tively.
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The first substrate 300 according to the third embodiment
can be manufactured by a substantially same process as the
first substrate 100 according to the first embodiment, which
can make a reference to the description of the first substrate
100.

The LCD with the first substrate 300 according to the third
embodiment has similar technical effect to the LCD with the
first substrate 100 according to the first embodiment, and
furthermore, the LCD with the first substrate 300 according to
the third embodiment can further improve color-difference
and have better image display. FIG. 25 is a diagram for con-
trasting the color-difference/angle curve of the LCD accord-
ing to the third embodiment with that of the existing FFS type
LCD. Curve a) is the color-difference/angle curve of the LCD
with two domains according to the third embodiment, and
curve @ is the color-difference/angle curve of the existing
FFS type LCD with two domains. As shown in FIG. 25, itcan
be seen from curves (1) and curve (2) in FIG. 25, the LCD
with two domains according to the third embodiment is com-
parable to the existing FFS type LCD with two domains in
aspects of color-difference. In the LCD field, it is better that
the color-difference value is less than 0.02 in a viewing angle
of 60 degrees. It can be seen from curve @ in FIG. 25, the
color-difference value of the LCD with two domains accord-
ing to the third embodiment is about 0.0115 in a viewing
angle of 60 degrees, that is able to meet the requirements of
the field for the color-difference.

FIG. 26 is a simulated diagram of illustrating the contrast
ratio of the LCD according to the third embodiment. It can be
clearly seen from FIG. 26, the LCD with the first substrate
300 according to the third embodiment has superb high view-
ing angle and contrast ratio.

Ttis noted that the second electrodes 16 of the first substrate
200 according to the second embodiment also can be bent
similar to the second electrodes 16 of the first substrate 300
according to the third embodiment. The first substrate 200
with bent second electrodes 16 can achieve similar beneficial
technical effect similar to that of the first substrate 300, which
can make a reference to the description of the first substrate
300 and is omitted herewith.

Fourth Embodiment

FIG. 27 and FIG. 28 illustrate a first substrate 400 of an
LCD according to a fourth embodiment. For purpose of clar-
ity, FIG. 27 only shows one pixel area P of the first substrate
400. The first substrate 400 of the LCD according to the fourth
embodiment is similar to the first substrate 100 according to
the first embodiment; however it is hereafter to mainly
explain difference of the first substrate 400 according to the
fourth embodiment from the first substrate 100 according to
the first embodiment. The same features of the first substrates
100, 400 are omitted here and can make a reference to the
description of the first substrate 100. As shown in FIG. 27 and
FIG. 28, in the first substrate 400 according to the fourth
embodiment, the first electrodes 15 are additionally electri-
cally connected to each other through multiple connecting
elements 157 which are disposed at a same layer with the first
electrodes 15 but at a different layer from the second elec-
trodes 16. The multiple connecting elements 157 are parallel
to the second electrodes 16 and positively faced to the second
electrodes 16, respectively. For example, each connecting
element 157 is disposed directly below the corresponding
second electrode 16, so that each connecting element 157 is at
least partially overlapped with the corresponding second
electrode 16. In addition, the connecting elements 157 can be
separated from the second electrodes 16 by the insulating
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layer. Since the connecting elements 157 are respectively
parallel to and faced to the second electrodes 16, the over-
lapped area of'the first electrodes 15 and the second electrodes
16 can be increased, the storage capacitor of the pixel region
P can therefore be increased. This can avoid problems due to
too low storage capacitor, such as low pixel voltage holding
ratio and too large feed-through voltage.

In addition, it can be understood by the persons skilled in
the field that the first substrate 400 can be manufactured by a
process similar to the first substrate 100, except that the con-
necting elements 157 is formed during manufacturing the first
electrodes 15, i.e., the first electrodes 15 are manufactured
together with the connecting elements 157 by the same pro-
cess.

While the invention has been described in terms of what is
presently considered to be the most practical and preferred
embodiments, it is to be understood that the invention needs
not be limited to the disclosed embodiments. On the contrary,
it is intended to cover various modifications and similar
arrangements included within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What is claimed is:

1. A liquid crystal display, comprising:

a first substrate;

a second substrate opposing to the first substrate;

a liquid crystal layer sandwiched between the first sub-

strate and the second substrate;

a first alignment film disposed on the first substrate; and

a second alignment film disposed on the second substrate;

wherein the first substrate comprises:

a plurality of scanning lines; and

a plurality of data lines intercrossed with the plurality of
scanning lines to define a plurality of pixel areas;

wherein each pixel area comprises:

aplurality of first electrodes which are electrically inter-
connected together; and

a plurality of second electrodes which are electrically
interconnected together, wherein the first electrodes
and the second electrodes are disposed on different
layers and mutually intersected to define a plurality of
sub-pixel areas;

wherein each sub-pixel area comprises two protrusion-
shaped patterns facing each other and configured on
two adjacent first electrodes where the first electrodes
and the second electrodes are not overlapped; and

wherein an angle within a range of 5-20 degrees is
defined between a vertex connection direction of the
two protrusion-shaped patterns facing each other and
a rubbing direction of the first alignment film and the
second alignment film.

2. The liquid crystal display as claimed in claim 1, wherein
the two protrusion-shaped patterns are disposed on a middle
of corresponding first electrodes.

3. The liquid crystal display as claimed in claim 1, wherein
the protrusion-shaped patterns are triangular protrusion-
shaped patterns or curved protrusion-shaped patterns.

4. The liquid crystal display as claimed in claim 3, wherein
internal angles of the protrusion-shaped patterns near corre-
sponding first electrodes are within a range of 0-60 degrees
when the protrusion-shaped patterns are triangular protru-
sion-shaped patterns.

5. The liquid crystal display as claimed in claim 1, wherein
one of the first electrode and the second electrode is a pixel
electrode and the other of the first electrode and the second
electrode is a common electrode.
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6. The liquid crystal display as claimed in claim 1, wherein
the width of the first electrodes is within a range of 2-5 um and
the width of the second electrodes is within a range of 2-5 pm.

7. The liquid crystal display as claimed in claim 1, wherein
the first electrodes are located below the second electrodes,
and a gap width between two adjacent first electrodes located
in a lower layer is in a range of 0-6 um, and a gap width
between two adjacent second electrodes located in an upper
layer is in a range of 3-8 pm.

8. The liquid crystal display as claimed in claim 7, wherein
a distance between the vertexes of the two protrusion-shaped
patterns is in a range of 0-6 pm.

9. The liquid crystal display as claimed in claim 1, wherein
the first electrodes are parallel strips, and the second elec-
trodes are parallel strips.

10. The liquid crystal display as claimed in claim 9,
wherein each pixel area further comprises:

at least one electrode junction bar to electrically connect
the first electrodes together, wherein the at least one
electrode junction bar is parallel to the second electrodes
and located at a border of corresponding pixel area.

11. The liquid crystal display as claimed in claim 1,

wherein each pixel area further comprises:

a plurality of connecting elements to electrically connect
the first electrodes together, wherein the plurality of
connecting elements are disposed at a same layer with
the first electrodes but at a different layer from the sec-
ond electrodes, and parallel to the second electrodes and
positively faced to the second electrodes so that each
connecting element is at least partially overlapped with
a corresponding second electrode.

12. The liquid crystal display as claimed in claim 1,
wherein the first electrodes and the second electrodes are
bent, and each first electrode comprises a first electrode part
which is arranged along a first direction and a second elec-
trode part which is arranged along a second direction different
from the first direction, and wherein each second electrode
comprises a third electrode part which is intersected with the
first electrodes parts and arranged along a third direction and
a fourth electrode part which is intersected with the second
electrode parts and arranged along a fourth direction.

13. The liquid crystal display as claimed in claim 12,
wherein the third direction is perpendicular to the first direc-
tion, and the fourth direction is perpendicular to the second
direction.

14. The liquid crystal display as claimed in claim 12,
wherein each pixel area further comprises:

at least one first electrode junction bar to electrically con-
nect the first electrode parts of the first electrodes
together, wherein the at least one first electrode junction
bar is parallel to the third direction and located at a
border of corresponding pixel area; and

at least one second electrode junction bar to electrically
connect the second electrode parts of the first electrodes
together, wherein the at least one second electrode junc-
tion bar is parallel to the fourth direction and located at
a border of corresponding pixel area.

15. The liquid crystal display as claimed in claim 12,
wherein the first electrode parts and the third electrode parts
are intersected to define the plurality of sub-pixel areas in
each of which two protrusion-shaped patterns facing each
other are configured on two adjacent first electrode parts, and
an angle within a range of 5-20 degrees is defined between a
vertex connection direction of the two protrusion-shaped pat-
terns facing each other on the first electrode parts and a
rubbing direction of the first alignment film and the second
alignment film; and wherein the second electrode parts and
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the fourth electrode parts are intersected to define the plural-
ity of sub-pixel areas in each of which two protrusion-shaped
patterns facing each other are configured on two adjacent
second electrode parts, and an angle within a range of 5-20

degrees is defined between a vertex connection direction of 5

the two protrusion-shaped patterns facing each other on the
second electrode parts and a rubbing direction of the first
alignment film and the second alignment film.

16. The liquid crystal display as claimed in claim 1,
wherein an angle between the first electrodes and the second
electrodes is within a range of 50-150 degrees.

17. The liquid crystal display as claimed in claim 16,
wherein the first electrodes are parallel to the scanning lines
or the data lines, and the second electrodes are perpendicular
to the first electrodes.

18. The liquid crystal display as claimed in claim 1,
wherein each pixel area comprises at least four sub-pixel
areas.

10

15

20



patsnap

EAREGRENNRRE TR

LR EH(F)

2014-04-29

uS8711315

2012-07-26

RiER

US13/558352

CHUNG CHEN TE

K
BXE

[FRE(ERR)AGE)

71N

[+

BETE

CHUNG , TE-CHEN
e

IR A(F)

RiE(EH

, KR

DAI

, XE
B , CHIA

TE

HATREEAR)ACGE) RBEXSE (Bl ) BRLAE.

CHUNG TE CHEN
LI YONGQIAN
DAI WENJUN

IREAA

7N

&

LIAO CHIATE

KRN

CHUNG, TE-CHEN
LI, YONGQIAN
DAI, WENJUN
LIAO, CHIA-TE

GO02F1/1343 GO2F1/1337

IPCH 3=

GO02F1/133707 GO2F1/134363

CPCH¥E=

201210123880.2 2012-04-25 CN

LR

201110225983.5 2011-08-01 CN

US20130033665A1

T 3R

N

ftt

8

=

USPTO

Espacenet

S\EReERE

BEG®)

T

'ffffff/

\
\
\

! %N\\\

-
2 n
-

R &
-k X AN
I of % 1] <
of Y2 & R o
BR8N
2R
m o g X
N | =P
X X < K
m o X M I
I X & &
BT RRK
R E®R Y
[ I L T
kR B
HE®NDE
=] e M K
- & b
X 2 oW g
m Y & < X
] oh RX
R om o ¥
S - @I
B R E R
m R WX R
I & R
M’ &k & F
B W <
© Ml 2 @
QXK o o
O®RE R K

NN

WATAIN
\
,uvrf,r
LT

VYT TATARYAY

BRAER, ERLEEXNHR
R A BB 75 [ 2 [R) PR E

X, SN FEREXEESFEEMMESHNE — BN L REENNH
, H S — @R s

MNREFRE R
MRERERNAQEZS @ EE—ME

5-20ESEEANAE,

\‘
N
7
N

.

MMMV

74

N
N
N7 A T AT,

FANLNARRRNNY fA\ ‘
NN
.

I —

" )
.m."m_: \\Eﬁﬁﬁ«\ﬁ\\\\\“
s

V
W
“

<
-


https://share-analytics.zhihuiya.com/view/1630dd5b-dcef-4834-94c0-088c29e735ae
https://worldwide.espacenet.com/patent/search/family/044980895/publication/US8711315B2?q=US8711315B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=8711315.PN.&OS=PN/8711315&RS=PN/8711315

