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(57) ABSTRACT

The present invention provides a fringe field switching
(FFS) mode liquid crystal display panel including a plurality
of scanning lines 12 and common lines 13 provided in
parallel, a plurality of signal lines 14 provided in a crank
manner in a direction perpendicular to the scanning lines 12,
and pixel electrodes 18, and 18, each formed between the
plurality of scanning lines 12 and signal lines 14 in a delta
arrangement. Each of the pixel electrodes 18, and 18, has a
plurality of slits 17, and 17,, respectively, inclined in dif-
ferent directions to each other with respect to an axis X
parallel to the scanning lines 12 and positioned between
adjacent scanning lines 12. The pixel electrodes 18, in
odd-numbered rows and the pixel electrodes 18, in even-
numbered rows are inverted to each other with respect to
another axis perpendicular to the axis x. With such features,
the FFS mode liquid crystal display panel provides sym-
metrical viewing angle generating no spots in a transverse
direction, a wide viewing angle, a bright display with high
transmittance and excellent display quality.
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FFS MODE LIQUID CRYSTAL DISPLAY

PANEL
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a fringe field

switching (hereinafter, referred to as “FFS”) mode liquid
crystal display (LCD) panel. More particularly, the present
invention relates to an FFS mode LCD panel in a dual-
domain structure in which pixels are arranged in a delta

arrangement.
[0003] 2. Related Art
[0004] In recent years, LCD panels are widely used not

only for information and communication devices but also for
electrical devices in general. Typical LCD panels include
one pair of substrates made of glass and the like formed with
electrodes and the like on their surfaces, and a liquid crystal
layer formed between the pair of substrates. By applying a
voltage to the electrodes on both substrates to change
transmittance of light by rearranging liquid crystal mol-
ecules, various images are displayed. This is a so-called
longitudinal electric field mode. There are a twisted nematic
(TN) mode and a vertical alignment (VA) mode in a longi-
tudinal electric field mode LCD panel. But, as there is a
problem of a narrow viewing angle, various improved
longitudinal electric field mode LCD panels such as a
multidomain vertical alignment (MVA) mode have been
developed.

[0005] Unlike the above longitudinal electric field mode
LCD panel, an LCD panel including electrodes only on one
of the substrates, which may be called a transverse electric
field mode, is known as an in-plane switching (IPS) mode
LCD panel (refer to JP-A-2005-338256). An operational
principle of the IPS mode LCD panel will be described with
reference to FIGS. 11 and 12. FIG. 11 is a schematic plan
view of one pixel of the IPS mode LCD panel, and FIG. 12
is a schematic sectional view taken along the line XII-XII of
FIG. 11.

[0006] An IPS mode LCD panel 50 includes an array
substrate AR and a color filter substrate CF. The array
substrate AR is provided with a plurality of scanning lines 52
and common lines 53 in parallel on a surface of a first
transparent substrate 51. A plurality of signal lines 54 are
provided in a direction perpendicular to the scanning lines
52 and the common lines 53. In a central part of each pixel,
a strip of common electrode 55 is provided from the com-
mon line 53, in an inverted T-shape as in FIG. 11. A pixel
electrode 56 is provided so as to surround the periphery of
the common electrode 55.

[0007] A thin film transistor (TFT) serving as a switching
element is formed between the scanning line 52 and the
signal line 54. The TFT is disposed with a semiconductor
layer 57 between the scanning line 52 and the signal line 54.
A portion of the signal line on the semiconductor layer 57
forms a source electrode S, a portion of the scanning line
under the semiconductor layer 57 forms a gate electrode G,
and a portion of the pixel electrode 56 overlapping with a
part of the semiconductor layer 57 forms a drain electrode D.
[0008] The color filter substrate CF includes a color filter
layer 59 on a surface of a second transparent substrate 58.
The array substrate AR is disposed to face the color filter
substrate CF, so as the pixel electrode 56 and the common
electrode 55 of the array substrate AR, and the color filter
layer 59 of the color filter substrate CF are opposed to each
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other. A liquid crystal LC is sealed therebetween. By respec-
tively disposing polarizers 60 and 61 at outer sides of both
substrates, so that their polarizing directions are perpendicu-
lar to each other, the IPS mode LCD panel 50 is formed.

[0009] According to the IPS mode LCD panel 50, as
shown in FIG. 12, when an electric field is formed between
the pixel electrode 56 and the common electrode 55, liquid
crystal molecules aligned in a horizontal direction revolve in
a horizontal direction. This enables the amount of transmit-
ting light entering from a backlight to be controlled. The IPS
mode LCD panel 50 has a wide viewing angle and high
contrast. Furthermore, because the pixel electrode 56 and the
common electrode 55 are disposed with a relatively narrow
space therebetween, it has an advantage of secondarily
generating a storage capacitance. But, because the common
electrode 55 is formed of the same metal material as the
common line 53, there are problems of a low aperture ratio
and a low transmittance, and color changes depending on
viewing angle.

[0010] In order to solve the problems of the low aperture
ratio and the low transmittance of the IPS mode LCD panel,
an FFS mode LCD device which may be called an inclined
electric field system has been developed (refer to JP-A-
2000-131720, JP-A-2002-14363 and JP-A-2002-244158).
An operational principle of such a FFS mode LCD panel will
be described with reference to FIGS. 13 and 14. FIG. 13 is
a schematic plan view of one pixel of an FFS mode LCD
panel, and FIG. 14 is a schematic sectional view taken along
the line XIV-XIV of FIG. 13.

[0011] An FFS mode LCD panel 70A includes an array
substrate AR and a color filter substrate CF. The array
substrate AR is provided with a plurality of scanning lines 72
and common lines 73 in parallel on a surface of a first
transparent substrate 71. A plurality of signal lines 74 are
provided in a direction perpendicular to the scanning lines
72 and the common lines 73. A common electrode 75 made
of a transparent material such as indium tin oxide (ITO),
which is connected to the common line 73, is provided so as
to cover an entire surface of each pixel. A pixel electrode
78A made of a transparent material such as ITO, which is
formed with a plurality of slits 77A in stripes, is provided on
a surface of the common electrode 75 with an insulating film
76 therebetween.

[0012] A TFT serving as a switching element is formed
near an intersection of the scanning line 72 and the signal
line 74. The TFT is disposed with a semiconductor layer 79
on a surface of the scanning line 72. A part of the signal line
74 is extended to cover a part of a surface of the semicon-
ductor layer 79, thereby forming a source electrode S of the
TFT. A portion of the scanning line under the semiconductor
layer 79 forms a gate electrode G, and a portion of the pixel
electrode 78 A overlapping with a part of the semiconductor
layer 79 forms a drain electrode D.

[0013] The color filter substrate CF includes a color filter
layer 81 on a surface of a second transparent substrate 80.
The array substrate AR is disposed to face the color filter
substrate CF, so as the pixel electrode 78A and the common
electrode 75 of the array substrate AR, and the color filter
layer 81 of the color filter substrate CF are opposed to each
other. A liquid crystal LC is sealed therebetween. By respec-
tively disposing polarizers 82 and 83 at outer sides of both
substrates, so that their polarizing directions are perpendicu-
lar to each other, the FFS mode LCD panel 70A is formed.
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[0014] According to the FFS mode LCD panel 70A, when
an electric field is formed between the pixel electrode 78A
and the common electrode 75, as shown in FIG. 14, the
electric field moves toward the common electrode 75 from
both sides of the pixel electrodes 78A. This allows not only
liquid crystal molecules existing between the pixel elec-
trodes 78A but also liquid crystal molecules existing above
the pixel electrodes 78A to move. Therefore, the FFS mode
LCD panel 70A has a wider viewing angle and higher
contrast than the IPS mode LCD panel 50, and allows a
bright display because of'its high transmittance. In addition,
the FFS mode LCD panel 70A has an advantage of second-
arily generating a larger storage capacitance, because the
overlapping area between the pixel electrode 78A and the
common electrode 75 is larger than that in the IPS mode
LCD panel 50 in plan view, thereby eliminating a need to
provide an auxiliary capacitor line separately.

[0015] According to the FFS mode LCD panel, in the
same manner as the IPS mode LCD panel disclosed in
JP-A-2005-338256, due to its display characteristics, a rub-
bing direction is preferably perpendicular to the signal lines,
and a minimum inclined angle is preferably provided
between the pixel electrodes and the rubbing direction.
Therefore, as an FFS mode LCD panel 70B shown in FIG.
15, slits 77B in stripes provided to a pixel electrode 78B are
inclined toward the scanning line 72 or the common line 73.
Similarly, in order to eliminate changes in color depending
on viewing angle, as an FFS mode LCD panel 70C shown
in FIG. 16, a dual-domain approach has been adopted by
disposing slits 77C in stripes provided to a pixel electrode
78C in a V-shape. The only difference between the FFS
mode LCD panels 70B and 70C shown in FIGS. 15 and 186,
and the FFS mode LCD panel 70A shown in FIG. 13, is the
inclination of the slits 77B or 77C provided to the pixel
electrode 78B or 78C. The same components of the panels
70B and 70C as in the panel 70A shown in FIG. 13 are
denoted by the same reference numerals, and descriptions
thereof are omitted.

[0016] As described above, FFS mode LCD panels have a
wider viewing angle and higher contrast than IPS mode
LCD panels, and allow a bright display because of their high
transmittance. As they can operate at low voltage and
secondarily generate a larger storage capacitance, their dis-
play quality is excellent even when an auxiliary capacitor
line is not provided separately. In the FFS mode L.CD panels
disclosed in JP-A-2000-131720, JP-A-2002-14363 and
JP-A-2002-244158, pixels are aligned in a row direction and
a column direction, and generally used in combination with
color filers arranged in stripes or color filters arranged in
diagonal rows. When they are used mainly for displaying
images taken by a digital still camera and the like, a delta
arrangement (also referred to as “triangle arrangement”), in
which pixels are arranged alternatively, may be used.

[0017] According to these FFS mode LCD panels in which
pixels are arranged in the delta arrangement, the shape of the
slits 1s preferably formed in the same shape at every pixel
electrode in order to reduce display unevenness. However,
the signal lines need to be arranged in a direction perpen-
dicular to the scanning lines, although in a crank manner, by
shortening the wiring length. As a result, the TFTs are
positioned differently depending on whether they are in
odd-numbered or even-numbered rows. Such a state will be
described with reference to FI1G. 17. FIG. 17 is a schematic
plan view of several pixels of an FFS mode LCD panel 70D

Oct. 4, 2007

in which pixels are arranged in a delta arrangement. The
view shows a pixel electrode 78D and slits 77D provided at
the pixel electrode 78D only, omitting other specific fea-
tures. In FIG. 17, broken lines between the pixels show a
boundary of each pixel, and solid lines show a path of the
signal line. A portion enclosed within a broken line circle
shows a position where the TFT of each pixel is provided.

[0018] Inthe FFS mode LCD panel 70D shown in F1G. 17,
the TFTs of the pixels in odd-numbered rows are positioned
at the lower right-hand side of the view, while the TFTs of
the pixels in even-numbered rows are positioned at the lower
left-hand side of the view, whereby the signal lines can be
arranged linearly in a longitudinal direction, although in a
crank manner, with a short wiring length. In the FFS mode
LCD panel 70D, the shape of slits provided to each pixel
electrode of the pixels in odd-numbered row are formed in
an optimum shape to utilize a display opening effectively.
But, the shape of the slits provided to each pixel electrode
in even-numbered rows at a position shown by the X-mark
in the view is different from that of odd-numbered rows. As
they cannot form into the same shape, a symmetrical view-
ing angle cannot be obtained. As a result, when the FFS
mode LCD panel 70D displays an image, spots are generated
in a transverse direction. On the other hand, when the shape
of the slits of the pixel electrode of each pixel is made into
the same shape both in odd-numbered and even-numbered
rows, the display opening cannot be effectively utilized. The
same phenomenon occurs to FFS mode LCD panels having
slits provided to the pixel electrodes in a dual-domain
structure and pixels provided in a delta arrangement.

SUMMARY

[0019] In consideration of the problems with FFS mode
LCD panels having slits provided to pixel electrodes in a
dual-domain structure and pixels provided in a delta
arrangement as described above, the present invention pro-
vides an FFS mode LCD panel having symmetrical viewing
angle without generating spots in a transverse direction. It
also has a wide viewing angle, allows a bright display with
its high transmittance and excellent display quality.

[0020] To obtain the above advantage, an FFS mode LCD
panel of the present invention includes a plurality of scan-
ning lines and common lines provided in parallel, a plurality
of signal lines provided in a crank manner in a direction
perpendicular to the scanning lines, and a plurality of pixel
electrodes each formed between the plurality of scanning
lines and signal lines in a delta arrangement. Each of the
plurality of pixel electrodes includes portions defining a
plurality of slits inclined in different directions to each other
with respect to an axis parallel to the scanning lines and
positioned between adjacent scanning lines. Among the
pixel electrodes, pixel electrodes in odd-numbered rows and
pixel electrodes in even-numbered rows are inverted to each
other with respect to an axis perpendicular to the scanning
lines.

[0021] In the above FFS mode LCD panel, the slits
provided at both sides of the axis parallel to the scanning
lines may be the same in number on both sides.

[0022] In the above FFS mode LCD panel, the common
lines may be provided under the pixel electrodes with
respect to the axis parallel to the scanning lines.
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[0023] 1Inthe above FFS mode LCD panel, ends of the slits
that are on both sides of and closest to the axis parallel to the
scanning lines may be coupled on the axis parallel to the
scanning lines.

[0024] By providing the features stated above, the present
invention offers beneficial advantages as described below.
With the above FFS mode LCD panel, while switching
elements, such as TFTs to operate the pixel electrodes are
positioned differently depending on whether they are in
odd-numbered or even-numbered rows, the length of the
signal lines can be shortened. Further, the slits provided at
the pixel electrodes of each pixel are symmetric with respect
to an axis parallel to the scanning lines, while keeping dead
space at a minimum. Furthermore, the slits are symmetric by
each row with respect to another axis perpendicular to the
scanning lines. This makes it possible to maintain symmetri-
cal viewing angle in both directions parallel and perpen-
dicular to the scanning lines, utilizing a display opening.
Also, no spots are generated in a transverse direction as in
the related art, and an FFS mode LCD panel with a bright
display can be obtained.

[0025] Furthermore, as the slits of the pixel electrodes
provided at both sides of the axis parallel to the scanning
lines are the same in number, the shape of the pixel elec-
trodes is near-perfectly symmetric with respect to the axis
parallel to the scanning lines within one pixel. This enhances
symmetrical viewing angle in a direction perpendicular to
the scanning lines, whereby an FFS mode L.CD panel with
a wider viewing angle and excellent display quality can be
obtained.

[0026] Furthermore, as the common lines are not trans-
parent as they are generally made of the same conductive
material as the scanning lines, the common lines can shield
a disclination portion generated at a position where the slits
inclined in different directions are adjacent to each other.
Therefore, an FFS mode LLCD panel with excellent display
quality can be obtained.

[0027] Furthermore, by coupling ends of the slits that are
on both sides of and closest to the axis parallel to the
scanning lines, an area of each pixel electrode can be utilized
effectively. As the generation of disclination near the cou-
pling point of both slits is suppressed, an FFS mode LCD
panel with excellent display quality can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a diagram showing a pattern of scanning
lines and common lines formed by a scanning line and
common line forming process.

[0029] FIG. 2 is a diagram showing a pattern of common
electrodes formed by a common electrode forming process.
[0030] FIG. 3 is a diagram showing a pattern of semicon-
ductor layers formed by a semiconductor layer forming
process.

[0031] FIG. 4 is a diagram showing a pattern of signal
lines and drain electrodes formed by a signal line and drain
electrode forming process.

[0032] FIG. 5 is a diagram showing a pattern of contact
holes formed by a contact hole forming process.

[0033] FIG. 6 is a plan view showing all the patterns of
FIGS. 1 to 5 overlapping with each other without taking
their vertical positional relationship into consideration.
[0034] FIG. 7 is a diagram showing pixel electrodes
formed by a pixel electrode forming process.
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[0035] FIG. 8 is a plan view showing the patterns of FIGS.
6 and 7 overlapping with each other without taking their
vertical positional relationship into consideration.

[0036] FIG. 9 is a diagram showing a pattern of a black
matrix provided on a color filter substrate.

[0037] FIG. 10 is a diagram showing the pattern of FIG. 9
overlapped on the pattern of FIG. 7.

[0038] FIG. 11 is a schematic plan view of one pixel of an
IPS mode LCD panel.

[0039] FIG. 12 is a schematic sectional view taken along
the line XII-XII of FIG. 11.

[0040] FIG. 13 is a schematic plan view of one pixel of an
FFS mode LCD panel.

[0041] FIG. 14 is a schematic sectional view taken along
the line XIV-XIV of FIG. 13.

[0042] FIG. 15 is a plan view of one pixel of an FFS mode
LCD panel with inclined slits.

[0043] FIG. 16 is a plan view of one pixel of an FFS mode
LCD panel in a dual-domain structure.

[0044] FIG. 17 is a schematic plan view of several pixels
of an FFS mode LCD panel 70D in which pixels are
provided in a delta arrangement.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0045] Hereinafter, preferred embodiments of the present
invention will be described with reference to the drawings.
The following embodiments are examples to show features
of an FFS mode LCD panel, in order of manufacturing steps,
to embody the concept of the present invention. The present
invention is not intended to be specified to this FFS mode
LCD panel, and may be equally applied to other embodi-
ments not departing from the spirit and scope of the
appended claims.

[0046] FIG. 1 is a diagram showing a pattern of scanning
lines and common lines formed by a scanning line and
common line forming process. FIG. 2 is a diagram showing
a pattern of common electrodes formed by a common
electrode forming process. FI1G. 3 is a diagram showing a
pattern of semiconductor layers formed by a semiconductor
forming process. FIG. 4 is a diagram showing a pattern of
signal lines and drain electrodes formed by a signal line and
drain electrode forming process. FIG. 5 is a diagram show-
ing a pattern of contact holes formed by a contact hole
forming process. FIG. 6 is a plan view showing all the
patterns of FIGS. 1 to 5 overlapping with each other without
taking their vertical positional relationship into consider-
ation.

[0047] FIG. 7 is a diagram showing a pattern of pixel
electrodes formed by a pixel electrode forming process. FIG.
8 is a plan view of the patterns of FIGS. 6 and 7 overlapping
with each other without taking their vertical positional
relationship into consideration. FIG. 9 is a diagram showing
a pattern of a black matrix provided on a color filter
substrate. FIG. 10 is a diagram showing the pattern of FIG.
9 overlapped on the pattern of FIG. 7.

[0048] A manufacturing process of an FFS mode liquid
crystal display (LCD) panel 10 of a first embodiment of the
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invention will be described in separated processes for manu-
facturing an array substrate and manufacturing a color filter
substrate.

Array Substrate Manufacturing Process
(1) Scanning Line and Common Line Forming Process

[0049] First, a two-layered film whose lower part is made
of Al metal and surface is made of Mo metal is deposited
over an entire surface of a transparent substrate 11 such as
a glass substrate. Then, using a photolithography technology
and an etching technology, a plurality of scanning lines 12
and a plurality of common lines 13 each made of the
Mo—Al two-layered film are formed in parallel with each
other, as in a pattern shown in FIG. 1. Here, a part of each
scanning line 12 is protruded to be a gate electrode G of each
TFT. Each of the common lines 13 is provided between
adjacent scanning lines 12. In FIG. 1, a broken line portion
shows a boundary of each pixel (hereinafter, the same
applies to other drawings).

(2) Common Electrode Forming Process

[0050] A transparent conductive layer made of ITO is
deposited over an entire surface of the transparent substrate
11 with which the scanning line and common line forming
process (1) has been carried out. Using the photolithography
technology and the etching technology, common electrodes
15 are formed as in a pattern shown in FIG. 2. The common
electrodes 15 are electrically connected to the common lines
13, but not connected to the scanning lines 12 or the gate
electrodes G.

(3) Insulating Film Forming Process

[0051] An insulating film made of silicon nitride or silicon
oxide is deposited over an entire surface of the transparent
substrate 11 with which the common electrode forming
process (2) has been carried out.

(4) Semiconductor Layer Forming Process

[0052] Using a chemical vapor deposition (CVD) method,
an amorphous silicon (hereinafter, referred to as “a-Si”)
layer is deposited over an entire surface of the transparent
substrate 11 with which the insulating film forming process
(3) has been carried out. Using the photolithography tech-
nology and the etching technology, a semiconductor layer 19
made of a-Si layer is formed above each gate electrode G as
in a pattern shown in FIG. 3.

(5) Signal Line and Drain Flectrode Forming Process

[0053] A conductive layer having a three-layered structure
of Mo—Al—Mo is deposited over an entire surface of the
transparent substrate 11 with which the semiconductor layer
forming process (4) has been carried out. Using the photo-
lithography technology and the etching technology, signal
lines 14 and drain electrodes D are formed as in a pattern
shown in FIG. 4. Portions serving as the source electrode S
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and the drain electrode D included in the signal lines 14
overlap partially with the surface of the semiconductor layer
19.

(6) Passivation Film Forming Process

[0054] A passivation film made of silicon nitride is depos-
ited over an entire surface of the transparent substrate 11
with which the signal line and drain electrode forming
process (5) has been carried out.

(7) Contact Hole Forming Process

[0055] To the transparent substrate 11 with which the
passivation film forming process (6) has been carried out, a
contact hole 20 is formed at a predetermined position of the
passivation film to expose a part of the drain electrode D,
using the photolithography technology and the etching tech-
nology. FIG. 6 is a plan view of the transparent substrate 11
with which the contact hole forming process has been
carried out perspectively without taking the vertical posi-
tional relationship of each layer into consideration.

(8) Pixel Electrode Forming Process

[0056] A transparent conductive layer made of ITO is
deposited over an entire surface of the transparent substrate
11 with which the contact hole forming process (7) has been
carried out. Using the photolithography technology and the
etching technology, pixel electrodes 18, of odd-numbered
rows each having slits 17, and pixel electrodes 18, of
even-numbered rows each having slits 17, are formed in a
pattern shown in FIG. 7. The pixel electrodes 18, and 18, are
both electrically connected to the drain electrodes D via the
contact holes 20. FIG. 8 is a plan view of the transparent
substrate 11 with which the pixel electrode forming process
has been carried out perspectively without taking the vertical
positional relationship of each layer into consideration. By
depositing a predetermined alignment layer (not shown)
over an entire surface, the array substrate AR is completed.
The shape and the like of the slits 17, and 17, provided to
the pixel electrodes 18, and 18, are described later.

Color Filter Substrate Manufacturing Process

[0057] A color filter substrate is provided as follows. A
layer of a black matrix material such as a photosensitive
resin is deposited on an entire surface of a transparent
substrate made of glass substrate and the like, which is not
shown. Using a photolithography technology, a black matrix
21 having a pattern as shown in FIG. 9 is formed. A color
filter layer of three primary colors of RGB, for example, is
formed at a position corresponding to each pixel. Next, an
overcoat layer is deposited on a surface of the color filter
layer so as to planarize the surface. Then by forming a
predetermined alignment layer on a surface of the overcoat
layer and forming a spacer at a predetermined position, the
color filter substrate is completed.

[0058] The array substrate AR is disposed to face the color
filter substrate. By sealing the circumference with a sealing
material and injecting a liquid crystal between both sub-
strates, an FFS mode LCD panel 10 according to the
embodiment is obtained. The dispositional relationship
between the pixel electrodes 18, and 18, and the black
matrix 21 of the FFS mode LCD panel according to the
present embodiment is as shown in FIG. 10, when viewed
from the side of the black matrix 21.
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[0059] Hereinafter, the shape of slits 17, and 17, provided
respectively at the pixel electrodes 18, and 18, of the FFS
mode LCD panel 10 according to the present embodiment
will be described with reference to FIGS. 7, 8 and 10. The
plurality of slits 17, provided to the pixel electrodes 18, in
odd-numbered rows are in a state that are inclined toward the
upper left-hand side or the lower left-hand side with respect
to an axis x (see FIGS. 7 and 8) which is parallel to the
scanning lines 12. The axis x corresponds to a section where
each common line 13 is positioned between adjacent scan-
ning lines 12. The same number of slits are arranged in line
symmetry with respect to the axis x. Similarly, the plurality
of slits 17, provided at the pixel electrodes 18, in even-
numbered rows are in a state that are inclined toward the
upper right-hand side or the lower right-hand side with
respect to an axis x. The same number of slits are arranged
in line symmetry with respect to the axis x. In the FFS mode
LCD panel 10 according to the present embodiment, all the
pixel electrodes of the pixels are in symmetry with respect
to the axis X parallel to the scanning lines 12 by each pixel
electrode. This results in reducing viewing angle depen-
dence in display quality in a direction perpendicular to the
scanning lines 12. The number of slits provided on both
sides of the axis x may be different from each other, but as
there is no merit in making them different in numbers, it is
preferable to provide the same number in order to secure the
symmetrical viewing angle.

[0060] In the FFS mode LCD panel 10 according to the
present embodiment, the plurality of slits 17, provided at the
pixel electrodes 18, in odd-numbered rows and the plurality
of slits 17, provided at the pixel electrodes 18, in even-
numbered rows are inverted to each other with respect to the
axis perpendicular to the scanning lines 12. This means that
the pixel electrodes 18, in the even-numbered rows can be
manufactured by inverting (turn over) a manufacturing mask
of the pixel electrodes 18, in the odd-numbered rows.
Therefore, with the FFS mode LCD panel 10 according to
the present embodiment, each row is in symmetry with
respect to the axis perpendicular to the scanning lines,
thereby reducing the viewing angle dependence in display
quality also in a direction along the scanning lines 12. In the
FFS mode LCD panel 10 according to the present embodi-
ment, the symmetrical viewing angle is maintained in direc-
tions both perpendicular to the scanning lines and along the
scanning lines, utilizing a display opening. No spots are
generated in a transverse direction as in the related art.
Therefore, the FFS mode LCD panel with a bright display
can be obtained.

Oct. 4, 2007

[0061] In the FFS mode LCD panel 10 according to the
present embodiment, the common lines 13 are made of a
Mo—Al two-layered wiring which is the same material as
the scanning lines 12, thereby shielding light. The ends of
slits that are on both sides and closest to the axis x parallel
to the scanning lines 12 are coupled on the axis X, in other
words, above the common lines 13, and the slits form a V
shape. As inclination directions of the slits that are on both
sides and closest to the axis x parallel to the scanning line 12
are different, alignment directions from the axis x of liquid
crystal molecules are different. Therefore, although a dis-
clination is generated along the axis X, a portion where the
disclination appears is shielded from light by the common
lines 13. As the generated disclination is difficult to view
from outside, the display quality improves.

1. A fringe field switching mode liquid crystal display
panel, comprising:

a plurality of scanning lines and common lines provided

in parallel;
a plurality of signal lines provided in a crank manner in
a direction perpendicular to said scanning lines; and

a plurality of pixel electrodes each formed between said
plurality of scanning lines and signal lines in a delta
arrangement,

each of said plurality of pixel electrodes including por-

tions defining a plurality of slits inclined in different
directions to each other with respect to an axis parallel
to said scanning lines and positioned between adjacent
scanning lines, and

among said pixel electrodes, pixel electrodes in odd-

numbered rows and pixel electrode in even-numbered
rows being inverted to each other with respect to an
axis perpendicular to said scanning lines.

2. The fringe field switching mode liquid crystal display
panel according to claim 1, wherein said slits provided at
both sides of said axis parallel to said scanning lines are
same in number on both sides.

3. The fringe field switching mode liquid crystal display
panel according to claim 1, wherein said common lines are
provided under said pixel electrodes with respect to said axis
parallel to said scanning lines.

4. The fringe field switching mode liquid crystal display
panel according to claim 1, wherein ends of said slits that are
on both sides of and closest to said axis parallel to said
scanning lines are coupled on said axis parallel to said
scanning lines.
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