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(57) ABSTRACT

An LCD includes a first substrate, a second substrate, a liquid
crystal layer between the first and second substrates, first and
second alighment films respectively disposed on the first and
second substrates. 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 electrically interconnected first
electrodes and multiple electrically interconnected second
electrodes. 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
on two adjacent 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 connec-
tion direction of the two protrusion-shaped patterns facing
each other and the rubbing direction of the first and second
alignment films.
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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority benefit of Chi-
nese 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
patent applications is hereby incorporated by reference herein
and made a part of this specification.

TECHNICAL FIELD

[0002] This description relates to display technologies, and
more particularly relates to a liquid crystal display (LCD).

DESCRIPTION OF BACKGROUND

[0003] TFI-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 con-
sumption etc. Most of the desktop TFT-LLCDs 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 anisotropy 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 differ-
ent; this inevitably leads to the viewing angle problem.

[0004] In order to solve the viewing angle problem, the TN
type LCDs are commonly added a viewing angle compensa-
tion 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
television 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.AsshowninFIG. 1, both ofthe 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.AsshowninFIG. 2, both ofthe 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.

[0005] For the TN type LCDs added with a viewing angle
compensation 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 inver-
sion phenomenon 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.

Feb. 7,2013

[0006] Therefore, it is necessary to provide improved tech-
nical solutions to overcome the above technical problems in
the existing technology.

SUMMARY

[0007] The present embodiment is to provide an LCD hav-
ing wider viewing angle scope, higher transmittance, and
shorter response time.

[0008] 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 crys-
tal layer sandwiched between the first substrate and the sec-
ond substrate, a first alignment film disposed on the first
substrate and a second 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 interconnected together. The first elec-
trodes 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 pat-
terns are configured on two adjacent 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.

[0009] The LCD of the present embodiment has electrodes
mutually 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.
[0010] 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 technol-
ogy monopoly for FFS and IPS type LCDs.

[0011] 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 accu-
rately scaled unless otherwise indicated.

DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1is a cross-sectional view of an existing FFS
type LCD.

[0013] FIG. 2 is a cross-sectional view of an existing IPS
type LCD.

[0014] FIG. 3is a planar view of a first substrate of an LCD
according to a first embodiment.

[0015] FIG. 4is apartially enlarged view ofa sub-pixel area
of FIG. 3.
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[0016] FIG. 5a is a cross-sectional view of FIG. 3 taken
along the A-A line.
[0017] FIG. 55 is a cross-sectional view of FIG. 3 taken

along the B-B line.

[0018] FIG. 5c¢ is a cross-sectional view of FIG. 3 taken
along the C-C line.

[0019] FIG. 6 is a diagram for contrasting the transmit-
tance/voltage curve of the LCD of the first embodiment with
those of two additional LCDs.

[0020] FIG. 7 is a diagram for contrasting the transmit-
tance/time curve of the LCD according to the first embodi-
ment with those of two additional LCDs.

[0021] FIG. 8a is a top view for showing director of liquid
crystal molecules when voltage difference between the first
electrodes and the second electrodes of the LCD according to
the first embodiment is OV.

[0022] FIG. 85 is a top view for showing director of liquid
crystal molecules when voltage difference between the first
and second electrodes of another LCD is OV.

[0023] FIG. 9a is a top view for showing director of liquid
crystal molecules when voltage difference between the first
electrodes and the second electrodes of the LCD according to
the first embodiment is 5V.

[0024] FIG. 95 is a top view for showing director of liquid
crystal molecules when voltage difference between the first
and second electrodes of another LCD is 5V.

[0025] FIG. 10a is a simulated diagram for illustrating
transmittance of the LCD according to the first embodiment

when voltage difference between the first and second elec-
trodes is 5V.

[0026] FIG. 105 is a simulated diagram for illustrating
transmittance of another LCD when voltage difference
between the first and second electrodes is 5V.

[0027] FIG. 11 is a diagram for contrasting the transmit-
tance/time curve of the LCD of'the first embodiment with that
of another LCD.

[0028] FIG. 12a is a simulated diagram for illustrating
viewing angle scope of the LCD according to the first
embodiment.

[0029] FIG. 124 is a simulated diagram for illustrating
viewing angle scope of another LCD.

[0030] FIG. 13 is a diagram for contrasting the transmit-
tance/voltage curve of the LCD of the first embodiment with
those of three additional LCDs.

[0031] FIG. 14 is a diagram for contrasting the transmit-
tance/time curve of the LCD of the first embodiment with
those of three additional LCDs.

[0032] FIG. 15 is a diagram for contrasting the transmit-
tance/voltage curves of the LCD according to the first
embodiment when the LCD according to the first embodi-
ment has different gap widths between two adjacent first
electrodes.

[0033] FIG. 16 is a diagram for contrasting the transmit-
tance/time curves of the LCD according to the first embodi-
ment when the LCD according to the first embodiment has
different gap widths between two adjacent first electrodes.

[0034] FIG. 17 is a diagram for contrasting the transmit-
tance/voltage curves of the LCD according to the first
embodiment when the LCD according to the first embodi-
ment has different gap widths between two adjacent second
electrodes.
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[0035] FIG. 18 is a diagram for contrasting the transmit-
tance/time curves of the LCD according to the first embodi-
ment when the LCD according to the first embodiment has
different gap widths between two adjacent second electrodes.
[0036] FIG. 19 is a flow chart of a method for manufactur-
ing the first substrate of the LCD of the first embodiment as
shown in FIG. 3.

[0037] FIG. 20 is a planar view of a first substrate of an
LCD according to a second embodiment.

[0038] FIG. 21a is a cross-sectional view of FIG. 20 taken
along the D-D line.

[0039] FIG. 2154 is a cross-sectional view of FIG. 20 taken
along the E-E line.

[0040] FIG. 21c¢ is a cross-sectional view of FIG. 20 taken
along the F-F line.

[0041] FIG. 22 is a flow chart of manufacturing the first
substrate of the LCD of the second embodiment as shown in
FIG. 20.

[0042] FIG. 23 is a planar view of a first substrate of an
LCD according to a third embodiment.

[0043] FIG. 24 is a schematic view of first and second
electrodes of FIG. 23.

[0044] FIG. 25 is a diagram for contrasting the color-dif-
ference/angle curve of the LCD according to the third
embodiment with that of the existing FFS type LCD.

[0045] FIG. 26 is a simulated diagram of illustrating con-
trast ratio of the LCD according to the third embodiment.
[0046] FIG. 27 is a planar view of a first substrate of an
LCD according to a fourth embodiment.

[0047] FIG. 28 is a partially enlarged view of a sub-pixel
area of FI1G. 27.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0048] In order to make the above-mentioned objects, fea-
tures 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
embodiments of the present invention.

[0049] It should be noted that, the drawings of the descrip-
tion only show the relevant structural features of the present
embodiment, and other structural features are omitted for
purpose of clarity.

[0050] AnICD according to the present embodiment com-
prises a first substrate 100, 200, 300, 400 and a second sub-
strate (not shown) which are disposed oppositely, and a liquid
crystal layer (not shown) sandwiched between the first sub-
strate 100, 200, 300, 400 and the second substrate. The first
substrate 100, 200, 300, 400 of the present embodiment can
have multiple implementations, thus multiple LCDs can be
implemented respectively, based on the various first sub-
strates 100, 200, 300, 400. The LCD of the present embodi-
ment, especially 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 disclo-
sure is the same as “a plurality of”. In other words, multiple
and a plurality of can be used interchangeably.

First Embodiment

[0051] FIGS. 3-4 and FIGS. 5a-5c¢ illustrate the first sub-
strate 100 of the LCD according to a first embodiment. For
purpose of clarity, FIG. 3 only shows one pixel area P of the
first substrate 100. As shown in FIGS. 3-4 and FIGS. 5a-5c¢,
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the first substrate 100 of the LCD according to the first
embodiment comprises a transparent substrate 10, and mul-
tiple scanning lines 11, multiple data lines 12, and thin-film
transistors 14 formed on the transparent substrate 10. The
thin-film transistors 14 are disposed at the intersections of the
scanning lines 11 and the data lines 12. Each thin-film tran-
sistor 14 comprises a gate electrode 141 electrically con-
nected to the corresponding scanning line 11, a semiconduc-
tor layer 142, a source electrode 143 electrically connected to
the corresponding 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.

[0052] Each pixel area. P comprises multiple first elec-
trodes 15 electrically interconnected together and multiple
second electrodes 16 electrically interconnected together. In
the first embodiment, the first electrodes 15 are electrically
interconnected together through multiple electrode junction
bars 154 which are parallel to the second electrodes 16 and
located at a border of the corresponding pixel area P. In the
first embodiment, the first electrodes 15, the second elec-
trodes 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 therebe-
tween. The first electrodes 15 and the second electrodes 16 are
mutually intersected 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 reason-
ably chosen according to actual size and process conditions of
the LCD.

[0053] As shown in FIG. 3 and FIG. 4, in each sub-pixel
area P1 of the first embodiment, two protrusion-shaped pat-
terns 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
triangular protrusion-shaped patterns or curved protrusion-
shaped patterns, such as semi-circular protrusion-shaped pat-
terns or any other protrusion-shaped patterns with a curved
edge. In order to facilitate the description, triangular protru-
sion-shaped patterns 150 are used as an example to illustrate
the embodiments of the present invention.

[0054] 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.

[0055] The LCD ofthe present embodiment also comprises
a first alignment film (not shown) disposed on the first sub-
strate 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
direction of the first alignment film and the second alignment
film and the vertex connection direction of the protrusion-
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shaped patterns 150 facing each other in each sub-pixel area.
P1. Preferably, the angle ¢ is 7 degrees, which enables the
initialtorques of the liquid crystal molecules 3 to twist toward
in one direction, to get a 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.
[0056] 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.
[0057] As shown in FIG. 3 and FIG. 4, an angle 6 between
the first electrodes 15 and the second electrodes 16 is within
a range 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 perpendicular to each other. Specifically, the first elec-
trodes 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 second electrodes 16 ofthe present embodiment is not
limited as the above-mentioned. Practically, the first elec-
trodes 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.

[0058] As shown in FIG. 4, an internal angle of each trian-
gular protrusion-shaped pattern 150 near the corresponding
first electrode 15 is within a range 0f0-60 degrees, thereby the
liquid crystal molecules 3 can rotate faster and transmittance
can thereby be increased.

[0059] As shown in FIGS. 8a-5¢, in the first substrate 100
of the first embodiment, the first electrodes 15 are the pixel
electrodes 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 second electrodes 16 are common electrodes. And in the
first substrate 100 of the first embodiment, the pixel elec-
trodes are disposed at a lower layer, and the common elec-
trodes 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 common electrodes is a passivation layer 18.

[0060] Contrasted withthe 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.
[0061] 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
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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.

[0062] Inaddition, the storage capacitor of each pixel in the
LCD of the present embodiment exists only where the first
electrodes 15 and the second electrodes 16 are overlapped.
Contrasted with the FFS type LCD, the storage capacitors of
the present embodiment occupy a smaller area; thus, the
insulating layer between the first electrodes 15 and the second
electrodes 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 of the FFS type LCDs,
thereby improving the yield.
[0063] FIG. 6 is a diagram for contrasting the transmit-
tance/voltage curve of the LCD of the first embodiment with
those of two additional LCDs. In FIG. 6, curves (1), (2) and
are generated in the same simulation conditions. Curve
is the transmittance/voltage curve of the LCD of the first
embodiment having intersected electrodes structure and tri-
angular protrusion-shaped patterns structure, curve @ is the
transmittance/voltage curve ofa 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 @ 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 (2) 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.
[0064] FIG. 7 is a diagram for contrasting the transmit-
tance/time curve of the LCD of the first embodiment with
those of two additional LCDs. In FIG. 7, curves @, @ and
(are generated in the same simulation conditions. Curve @ is
the transmittance/time curve of the LCD of the first embodi-
ment having intersected electrodes structure and triangular

Feb. 7,2013

protrusion-shaped patterns structure, curve @ is the trans-
mittance/time curve of an FFS type LCD, and curve @ isthe
transmittance/time curve of the LCD having intersected elec-
trodes structure but without triangular protrusion-shaped pat-
terns 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 designated 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 FIG. 7, for the LCD
according to the first embodiment having intersected elec-
trodes structure and triangular protrusion-shaped patterns
structure, the Ton value is significantly less than that of the
LCD having intersected electrodes structure but without tri-
angular protrusion-shaped patterns structure, while the Toff
value is close to that of the LCD having intersected electrodes
structure but without triangular protrusion-shaped patterns
structure. Further, contrasted with the LCD having inter-
sected 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 triangular protrusion-shaped pat-
terns structure are more close to those of FFS type LCD.
Therefore, the LCD with triangular protrusion-shaped pattern
structure is also superior to the LCD without triangular pro-
trusion-shaped patterns structure, relating to aspects of
response time.

[0065] In summary, the LCD of the first embodiment hav-
ing intersected electrodes structure with triangular protru-
sion-shaped patterns structure is superior to the LCD having
intersected electrodes structure without triangular protru-
sion-shaped patterns structure not only in aspects of transmit-
tance but also in aspects of response time of the liquid crystal
molecules.

[0066] In order to clearly explain the present embodiment,
the advantages of the present embodiment are shown hereaf-
ter by comparison between the LCD according to the first
embodiment 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 protrusion-shaped patterns facing each other dis-
posed on the second 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 second alignment films is parallel to the vertex
connection direction 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 adja-
cent second electrodes 16.

[0067] 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 accord-
ing to the first embodiment is OV. FIG. 85 is a top view for
showing director of the liquid crystal molecules when voltage
difference between the first and second electrodes of another
LCD is Ov. As shown in FIG. 8a, when there is no voltage
difference between the pixel electrodes and the common elec-
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trodes of the LCD according to the first embodiment, i.e., the
voltage difference between the first electrodes 15 and the
second electrodes 16 of the 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 protrusion-shaped patterns 150 by an angle of 7
degrees. While as shown in FIG. 85, when there is no voltage
difference between the pixel electrodes and the common elec-
trodes of said another LCD, i.e., 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 triangular 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.
[0068] 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 accord-
ing to the first embodiment is 5V. FIG. 92 is a top view for
showing director of the liquid crystal molecules when voltage
difference between the first and second electrodes of another
LCD is 5v. As shown in FIG. 94, 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
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 um, 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.

[0069] FIG. 10q is a simulated diagram for illustrating
transmittance of the LCD according to the first embodiment
when voltage difference between the first and second elec-
trodes is 5V. FIG. 105 is a simulated diagram for illustrating
transmittance 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.

[0070] FIG. 11 is a diagram for contrasting the transmit-
tance/voltage curve of the LCD of the first embodiment with
that of another LCD. Curves @ and @ in FIG. 11 are
generated in the same simulation onditions. Curve (1) is the
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 FI1G. 11, in the same simulating
area and under the condition of the same driving voltage,
[0071] IS the transmittance 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 trans-

Feb. 7,2013

mittance 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.

[0072] FIG.12aand FIG. 12billustrate the difference of the
LCD according to the first embodiment from another LCD in
viewing angle scope. FIG. 12¢ is a simulated diagram for
illustrating viewing angle scope of the LCD according to the
first embodiment. FIG. 125 is a simulated diagram for illus-
trating viewing angle scope of'said another LCD. As shown in
FIG. 124, the LCD according to the first embodiment with a
contrast 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. 125, 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.

[0073] 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 patterns 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 connec-
tion direction of the two protrusion-shaped pattern 150 by an
angle of 7 degrees. The first additional LCD forms two trian-
gular 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 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
connection direction of the two protrusion-shaped patterns
150. The second additional LCD 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 second electrodes 16, i.e., four triangles protrusion-
shaped patterns 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
P I 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 second electrodes 16, i.e., four triangular protrusion-
shaped patterns 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.

[0074] FIG. 13 is a diagram for contrasting the transmit-
tance/voltage curve of the LCD of the first embodiment with
those of three additional LCDs. The curves (1), @), 3) and

in FIG. 13 are generated under the same simulation con-
ditions. Curve (1) is the transmittance/voltage curve of the
LCD according to the first embodiment, curve @ is the
transmittance/voltage curve of the first additional LCD, the
curve is the transmittance/voltage curve of the second
additional LCD, and curve (4) is the transmittance/voltage
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curve of the third additional LCD. It can be known from
curves @ 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 @
in FIG. 13, the second additional LCD is clearly superior to
the third additional LCD, in aspects of transmittance. It can be
also clearly seen from the four curves in FIG. 13, regardless
whether there is an angle or not between the rubbing direction
of the first and second films and the vertex connection direc-
tion of the protrusion-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 pat-
terns 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.

[0075] FIG. 14 is a diagram for contrasting the transmit-
tance/time curve of the LCD of the first embodiment with
those of three additional LCDs. The curves (1), 2). (3) and

in FIG. 14 are generated under the same simulation con-
ditions. Curve (1) is the transmittance/time curve of the LCD
according to the first embodiment, curve @ is the transmit-
tance/time curve of the first additional LCD, the curve (3) is
the transmittance/time curve of the second additional LCD,
and curve (4) 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 transmit-
tance and response time. It can be known from curves (3) and
@ 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
between the rubbing direction of the firstand 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. It 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.

[0076] Please refer to FIGS. 3-4 again, a width L1 of the
first electrodes 15 and a width [.2 of the second electrodes 16
are within a range of 2-5 pm. Since disclination lines exist
right above the first electrodes 15 and the second electrodes
16, the thinner the width L1 of the first electrodes 15 and the
width L2 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 1.2 of the
second electrodes 16 are supposed to be 2-5 pm.

[0077] In addition, in each sub-pixel area P1, the first elec-
trodes 15 are located below the second electrodes 16, there-
fore, the gap width L3 between two adjacent second elec-
trodes 16 located in an upper layer is in a range of 3-8 um, the
gap width 1.4 between two adjacent first electrodes 15 located
in a lower layer is in a range of 0-6 pm, 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 um.
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[0078] FIG. 15 is a diagram for contrasting the transmit-
tance/voltage curves of the LCD according to the first
embodiment when the LCD according to the first embodi-
ment has different gap widths [.4 between two adjacent first
electrodes 15. As shown in FIG. 15, under the condition that
the voltage difference 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 is 2 pum, the transmittance of the LCD is 8.3%
when the gap width L4 between the two adjacent first elec-
trodes 15 is 3 pm, the transmittance of the LCD is 7.3% when
the gap width L4 between the two adjacent first electrodes 15
is 4 pm, the transmittance of the LCD is 6.5% when the gap
width L4 between the two adjacent first electrodes 15 is 5 pum,
and the transmittance of the LCD is 5.5% when the gap width
between the two adjacent first electrodes 15 is 6 pm. When the
gap width [.4 is greater than 6 pm, the transmittance signifi-
cantly drops. Therefore, the gap width L4 is preferably less
than 6 pm, and proposed to be within the range of 0-6 pm in
the present embodiment.

[0079] FIG. 16 is a diagram for contrasting the transmit-
tance/time curves of the LCD according to the first embodi-
ment when the LCD according to the first embodiment has
different gap widths L4 between two adjacent first electrodes
15. As shown in FIG. 16, when the gap widths [.4 between the
two adjacent first electrodes 15 are 2 um, 3 pm, 5 um and 6
um, respectively, 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 signifi-
cantly increased. 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.

[0080] FIG. 17 is a diagram for contrasting the transmit-
tance/voltage curves of the LCD according to the first
embodiment when the LCD according to the first embodi-
ment has different gap widths L3 between two adjacent sec-
ond electrodes 16. As shown in FIG. 17, under the condition
that the voltage difference between the first electrodes 15 and
the second electrodes 16 is 5V, when the gap width L3
between the two adjacent second electrodes 16 are 3 um, 4
wm, 5 um, 6 um and 7 pm, respectively, the transmittance of
the LCD in turn are 5.3%, 7.0%, 7.3%, 7.7% and 8.0% cor-
respondingly. When the gap width L3 is less than 4 um, the
transmittance significantly drops. Therefore, the gap width
L3 is preferably greater than 4 pm. In the present embodi-
ment, the gap width L3 is proposed to be within the range of
3-8 um, and particularly within the range of 4-7 pm.

[0081] FIG. 18 is a diagram for contrasting the transmit-
tance/time curves of the LCD according to the first embodi-
ment when the LCD according to the first embodiment has
different gap widths L3 between two adjacent second elec-
trodes 16. As shown in FIG. 18, when the gap widths L3
between the two adjacent second electrodes 16 are 3 um, 4
pm, 5 pm, 6 pm and 7 pm, 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 correspond-
ingly. 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.



US 2013/0033665 A1l

[0082] 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-5c¢.

[0083] Referring to FIG. 19, FIG. 3 and FIGS. 5a-5¢, in
step S11, a first metal layer is formed and patterned by a first
mask process.

[0084] 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.
[0085] InstepS12,agateinsulationlayer17,an amorphous
silicon 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.

[0086] Specifically, the gate insulation layer 17, the amor-
phous silicon layer, the doped amorphous silicon layer and a
second photo-resist layer are formed in turn on the transpar-
ent substrate 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 pat-
tern; 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 semiconductor layer 142 of the thin film transistor 14; and
then the second photo-resist layer is removed.

[0087] 1In step S13, a first transparent conductive layer is
formed and the first transparent conductive layer is patterned,
by a third mask process.

[0088] Specifically, a first transparent conductive layer and
athird photo-resist layer are formed in turn on the transparent
substrate 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 electrodes 15 which are electrically connected to each
other, and form triangular protrusion-shaped patterns 150
which are configured on the first electrodes 15 where the first
electrodes 15 and the subsequently formed common elec-
trodes 1i.e., the second electrodes 16 are not overlapped; and
then the third photo-resist layer is removed.

[0089] In step S14, a second metal layer is formed and
patterned by a fourth mask process.

[0090] Specifically, a second metal layer and a fourth
photo-resist layer are formed in turn on the transparent sub-
strate 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 transistors 14, wherein the drain electrodes 144
of the thin film transistors 14 are directly electrically con-
nected to the pixel electrodes 15; and then the fourth photo-
resist layer is removed.
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[0091] 1In step S15, a passivation layer 18 is formed and
patterned by a fifth mask process.

[0092] Specifically, the passivation layer 18 and a fifth
photo-resist layer are formed in turn on the transparent sub-
strate 10 with the fourth mask pattern, and the fifth photo-
resist layer is exposed and developed using a fifth mask pat-
tern 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 a mask, in order to form a plu-
rality of through holes (not shown) for connecting across a
plurality of circuits; and then the fifth photo-resist layer is
removed.

[0093] Instep S16,asecond transparent conductive layer is
formed and patterned by a sixth mask process.

[0094] 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.

[0095] After completing the above steps S11-S16, the first
substrate 100 according to the first embodiment is formed.

Second Embodiment

[0096] FIG.20and 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 accord-
ing to the second embodiment from the first substrate 100
according to the first embodiment. The same features of the
first substrates 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-21c, in the first substrate 200
according to the second embodiment, the first electrodes 15
are common electrodes 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 substrate 200 from the first substrate 100 is that in
the first substrate 200 according to the second embodiment,
the common electrodes are disposed at a lower layer and the
pixel 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 elec-
trodes and the common electrodes comprises the gate insula-
tion layer 17 and the passivation layer 18.

[0097] 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 process for manufacturing the first substrate 100 accord-
ing to the first embodiment. FIG. 22 is a flow chart showing
the manufacturing 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
FIG. 22, FIG. 20 and FIGS. 21a-21c.
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[0098] Referringto FIG. 22, FIG. 20 and FIGS. 21a-21c, in
step S21, a first transparent conductive layer is formed and
patterned 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
configured on the common electrodes 15 where the common
electrodes 15 and the subsequently-formed pixel electrodes
16 are not overlapped.

[0099] In step S22, a first metal layer is formed and pat-
terned by a second mask process, in order to form the scan-
ning 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 con-
nected to the common electrode bus 13.

[0100] InstepS23,agateinsulation layer 17, an amorphous
silicon 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.

[0101] 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.

[0102] 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 F1G. 20) via which the subsequently-formed pixel
electrodes 16 and the drain electrodes 144 of the thin film
transistors 14 can be electrically connected and other through
holes (not shown) for connecting across circuits.

[0103] InstepS26,asecond 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.

[0104] After the above steps S21-S26, the first substrate
200 according to the second embodiment is formed.

[0105] The first substrate 200 according to the second
embodiment 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 ben-
eficial technical effects which are omitted herewith.

Third Embodiment

[0106] 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
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
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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.

[0107] 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 par-
allel to the third direction and located at a border of the
corresponding pixel area P. The second electrode parts 152 of
the first electrodes 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.

[0108] In the third embodiment, the third direction is per-
pendicular to the first direction, and the fourth direction is
perpendicular to the second direction. In other words, the first
electrode 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.

[0109] In the third embodiment, the first electrodes 15 are
pixel electrodes and the second electrodes 16 are common
electrodes. The triangular protrusion-shaped patterns 150 are
disposed on the pixel electrodes.

[0110] 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 patterns 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 align-
ment film. Moreover, an angle cp within a range of 5-20
degrees is also defined between the vertex connection direc-
tion of the triangular 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.

[0111] Moreover, on the basis of fixing the rubbing direc-
tion 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 elec-
trode 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 dif-
ferent directions respectively.

[0112] 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 firstembodi-
ment, which can make a reference to the description of the
first substrate 100.

[0113] 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 accord-
ing to the third embodiment can further improve color-differ-
ence and have better image display. FIG. 25 is a diagram for
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contrasting the color-difference/angle curve of the LCD
according 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 embodi-
ment, and curve (2) 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 cruve (2) in FIG. 25, the
LCD with two domains according to the third embodiment is
comparable 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. 28, 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.

[0114] 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 viewing angle and contrast ratio.

[0115] It is 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 sub-
strate 300 according to the third embodiment. The first sub-
strate 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

[0116] FIG.27 and FIG. 28 illustrate a first substrate 400 of
an LCD according to a fourth embodiment. For purpose of
clarity, 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 accord-
ing 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
electrically connected to each other through multiple con-
necting elements 157 which are disposed at a same layer with
the first electrodes 15 but at a different layer from the second
electrodes 16. The multiple connecting elements 157 are par-
allel to the second electrodes 16 and positively faced to the
second electrodes 16, respectively. For example, each con-
necting element 157 is disposed directly below the corre-
sponding second electrode 16, so that each connecting ele-
ment 157 is at least partially overlapped with the
corresponding second electrode 16. In addition, the connect-
ing elements 157 can be separated from the second electrodes
16 by the insulating layer. Since the connecting elements 157
are respectively parallel to and faced to the second electrodes
16, the overlapped 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 volt-
age.
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[0117] 1In addition, it can be understood by the persons
skilled in the field that the first substrate 400 can be manu-
factured by a process similar to the first substrate 100, except
that the connecting elements 157 is formed during manufac-
turing the first electrodes 15, i.e., the first electrodes 15 are
manufactured together with the connecting elements 157 by
the same process.

[0118] 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 inven-
tion 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 broad-
est 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.

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.
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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 1s perpendicular to the second
direction.

Feb. 7,2013

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
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
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.
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