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7) ABSTRACT

In an IPS liquid crystal display device, a reduction in optical
leakage from the outer peripheral portion (edge portion) of
an electrode pattern in flexed configuration and an improve-
ment in the contrast of display on a screen are intended. An
IPS liquid crystal display device of the present invention has
a plurality of signal lines and scan lines arranged as a matrix
on a TFT substrate, TFT switching elements, and comb-like
pixel electrodes connected to the TFT switching elements. In
a pixel region, a comb-like common electrode is formed in
interdigitated relation with the pixel electrodes. The pixel
electrodes, the common electrode, and the signal lines are
formed in mutually parallel and flexed configuration at a
given angle relative to an optical axis. The outer edge of
each of the pixel electrodes, the common electrode, and the
signal lines is added with fine stairwise fine stepped portions
composed of the same material as composing the electrodes
and lines. The stepped portions prevent optical leakage from
the outer peripheral portion of the flexed electrode pattern.
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IPS LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an IPS (In-Plane
Switching) liquid crystal display device and, more particu-
larly, to a pattern structure of electrodes and wiring in the
pixel region of the IPS liquid crystal display device.

[0003]

[0004] In an IPS liquid crystal display device, a liquid
crystal is sealed in a space between a pair of transparent
substrates and an electric field substantially parallel to a
surface of one of these substrates is applied thereto, whereby
liquid crystal molecules are rotated and oriented in a direc-
tion horizontal to the substrate surface. The IPS liquid
crystal display device can achieve a wide viewing angle by
orienting the liquid crystal molecules in a direction horizon-
tal to the substrate surface.

[0005] Pixel electrodes and a common electrode which are
formed at a given spacing are arranged in a comb-like
configuration on the transparent substrate to which the
electric field is applied in parallel relation. By applying a
voltage between the pixel electrodes and the common elec-
trode, an electric field parallel to the substrate surface is
generated. In the IPS liquid crystal display device, therefore,
display is constantly viewed only from a direction in which
the short axes of the liquid crystal molecules extend so that
the viewing angle is extremely widened.

[0006] Thus, the IPS liquid crystal display device has the
advantage of the extremely wide viewing angle, while
having the disadvantage that a screen is tinted in a yellow or
blue color when viewed in a tilted fashion from the longi-
tudinal direction of the electrodes in the comb-like configu-
ration. To solve the problem, Japanese Laid-Open Patent
Publication No. Hei 10-148826 discloses a structure in
which each of the electrodes in the comb-like configuration
is flexed, as shown in a plan view of a pixel region of FIG.
1.

[0007] Referring to FIG. 1, TFT switching elements 109
are provided at the individual points of intersection of a
plurality of signal lines 101 and scan lines 108 which are
arranged as a matrix. A pixel electrode 106 and a common
electrode 107 are formed in a comb-like and interdigitated
configuration. These electrodes are connected to the TFT
switching elements 109. The pixel electrode 106, the com-
mon electrode 107, and the signal lines 101 are formed in
flexed and mutually parallel configuration.

[0008] In the respective regions upper and lower than the
bent portions of the flexed electrodes, a liquid crystal is
tinted in yellow and blue colors when the screen is viewed
in a tilted fashion from the longitudinal direction of the
flexed electrodes during the application of a voltage. As a
result, the color changes relative to the viewing angle are
mutually compensated for so that an image with no color
change is obtainable.

[0009] In the multi-domain IPS liquid crystal display
device having the flexed electrode pattern structure, how-
ever, outer peripheral configuration (edge pattern) of each of
the electrodes in the pixel region thereof is directly linear
and is not parallel or orthogonal to the optical axis of a
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polarizer plate. Consequently, diffracted light having a
polarized light component which is not absorbed by an
analyzer (polarizer plate) is generated by the outer periph-
eral portion (edge portion), so that optical leakage occurs.
Thus, the liquid crystal display device has the problem that
the optical leakage increases dark brightness and degrades
contrast.

[0010] A description will be given to the problem with
reference to FIGS. 2A and 2B. FIG. 2A is a plan view
diagrammatically showing the pixel region in the absence of
optical leakage. FIG. 2B is a diagrammatical plan view
illustrating the state of optical leakage in the pixel region.

[0011] As shown in FIG. 2A, a comb-like electrode 102
having a conventional structure is composed of the pixel
electrode 106 and the common electrode 107, as shown in
FIG. 1, while composing a flexed electrode 103 in conjunc-
tion with the signal line 101. The flexed electrodes 103 has
a pattern structure in which each of the comb-like electrode
102 and the signal line 101 is flexed. Since the flexed
electrode 103 in the pixel region is made of a metal material
such as Cr, the portion corresponding to the flexed electrode
103 does not transmit light.

[0012] Although dark display (the state in which a voltage
is not applied between the pixel electrode 106 and the
common electrode 107) is actually performed in the pixel
region, optical leakage is observed around the outer periph-
eral portion of the flexed electrode 103, which serves as a
factor causing lower contrast.

[0013] Since the electrode edge portion is not parallel or
orthogonal to the optical axis 104 in the conventional flexed
electrode 3, as shown in FIG. 2B, the diffraction of light by
the electrode edge portion causes optical leakage 105
between crossed nicols. As a result, dark brightness
increases and contrast deteriorates. Thus, the metal electrode
which is not orthogonal or parallel to the optical axis 104 has
the problem that the outer peripheral portion thereof gener-
ates a polarized light component which is not absorbed by
the analyzer as a result of diffraction and increases the dark
brightness.

[0014] This indicates that an amount of optical leakage
increases as a tilt angle 0 (0 represents an angle shown in
FIG. 6B) between wiring and optical axis approaches 45
degrees but becomes 0 at each of 0 and 90 degrees, as shown
in FIG. 3. The graph of FIG. 3 was obtained by experiment
by the present inventors et al. As an optimal value of the tilt
angle 0, 15 degrees is normally set.

SUMMARY OF THE INVENTION

[0015] The present invention has been achieved to solve
the foregoing problems and it is therefore an object of the
present invention to reduce optical leakage from the outer
peripheral portion (edge portion) of a tilted electrode pattern
and thereby improve contrast in an IPS liquid crystal display
device having a flexed electrode pattern structure.

[0016] An IPS liquid crystal display device having a
flexed electrode pattern structure according to the present
invention comprises a plurality of signal lines and scan lines
arranged as a matrix on a first substrate. TFT switching
elements are provided at the individual points of intersection
of the signal lines and the scan lines on the first substrate. A
comb-like pixel electrode and a comb-like common elec-
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trode are connected to the TFT switching elements. The
pixel electrode and the common electrode are arranged in
interdigitated relation. A second substrate (not shown) is
disposed in opposing relation to the first substrate. A liquid
crystal layer is inserted between the first and second sub-
strates, while respective polarizer plates are disposed outside
of the first and second substrates. A comb-like electrode
composed of the pixel electrode and the common electrode
and a signal line have a flexed electrode pattern structure.
The outer peripheral configuration of each of the comb-like
electrode and the signal line which are formed in flexed
configuration is composed of stairwise fine steps.

[0017] In accordance with the present invention, each of
the comb-like electrode and the signal line is formed to have
an outer peripheral configuration such that each of the
angular portions of the steps is located at a position not
reaching beyond half the spacing between the pixel elec-
trode and the common electrode composing the comb-like
electrode in parallel relation. The two edges composing each
of the steps are composed of the edge orthogonal to the
optical axis and the edge parallel to the optical axis.

[0018] In accordance with the present invention, the tilt
angle of each of the comb-like electrode and the signal line
relative to the optical axis is not less than 10 degrees. Each
of the comb-like electrode and the signal line is composed
of a metal material such as Cr. The comb-like electrode may
also be composed of a transparent electrode.

[0019] In the conventional IPS liquid crystal display
device, the electrode pattern which is not orthogonal or
parallel to the optical axis had the problem that the outer
peripheral portion thereof generates a polarized light com-
ponent which is not absorbed by the analyzer as a result of
diffraction and thereby increases the dark brightness. By
contrast, the foregoing electrode pattern structure according
to the present invention shuts off the diffracted light at each
of the stepped portions, eliminates optical leakage from the
outer peripheral portion of the electrode-pattern, and thereby
improves the contrast of display on a screen.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The above and other objects, features and advan-
tages of the present invention will become more apparent
from the following detailed description when taken in con-
junction with the accompanying drawings wherein:

[0021] FIG. 1 is a plan view illustrating the pixel region
of a conventional IPS liquid crystal display device;

[0022] FIG. 2A is a plan view diagrammatically showing
the pixel region of FIG. 1 in which the optical leakage is not
observed;

[0023] FIG. 2B is a plan view diagrammatically showing
the pixel region of FIG. 1 in which the optical leakage is
observed;

[0024] FIG. 3 is a graph illustrating optical leakage from
the electrode portion of the conventional IPS liquid crystal
display device;

[0025] FIG. 4A is a plan view diagrammatically showing
the pixel region of an IPS liquid crystal display device
having an electrode pattern structure according to the
present invention;
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[0026] FIG. 4B is a sectional view of a liquid crystal
display panel taken along line I-I of FIG. 4A,;

[0027] FIG. 5 is an enlarged plan view of the electrode
pattern in the pixel region of FIG. 4; and

[0028] FIG. 6 is a detailed partial view of FIG. 5.
DETAILED DESCRIPTION OF THE
PREFERRNED EMBODIMENTS
[0029] Referring to the drawings, the embodiments of the

present invention will be described herein below. FIG. 4A
is a plan view diagrammatically showing the pixel region of
an IPS liquid crystal display device having an electrode
pattern structure according to the present invention. FIG. 4B
is a sectional view of a liquid crystal display panel taken
along line I-I of FIG. 4A.

[0030] FIG. 5 is an enlarged plan view of the electrode
pattern in the pixel region of FIG. 4A.

[0031] As shown in FIG. 4A and FIG. 4B, the IPS liquid
crystal display device according to the present invention
comprises a plurality of signal lines 1 and scan lines 8
arranged as a matrix on a first substrate 20. TFT switching
elements 9 are provided at the individual points of intersec-
tion of the signal lines 1 and the scan lines 8 on the first
substrate. Comb-like pixel electrodes 6 and a comb-like
common electrode 7 are connected to the TFT switching
elements 9. The pixel electrodes 6 and the common elec-
trode 7 are arranged in interdigitated relation; A second
substrate 30 is disposed in opposing relation to the first
substrate 20. Aliquid crystal layer 40 is inserted between the
first substrate 20 and second substrate 30. Respective polar-
izer plates (shown by reference letters 50 and 60) are further
disposed outside of the first substrate 20 and the second
substrate 30. Reference letters 21 and 31 of FIG. 4B show
the transparent substrate such as the glass. Reference letters
22 are insulating layers such as SiN. Moreover, reference
letters 23 and 32 are overcoat layers made of a transparent
resin such as the acryl resins, and reference letters 24 and 33
show the oriented film made of the polyimide etc. A comb-
like electrode 2 composed of the pixel electrode 6 and the
common electrode 7 and the signal line 1 have a flexed
electrode pattern structure.

[0032] A description will be given to the structure of this
electrode pattern with reference to FIG. 5. In the electrode
pattern in the pixel region according to the present invention,
the outer edge of each of the comb-like electrode 2 and the
signal line 1 formed in flexed configuration is added with
fine stairwise stepped portions 10, as shown in FIG. 5. The
stepped portions 10 added to the comb-like electrode 2 and
the signal line are formed integrally therewith by a photo-
lithographic technology using the same material as compos-
ing these electrode and line. The stepped portions of the
outer peripheral portions of the signal line 1 and the comb-
like electrode 2 in the pixel region are composed of a
sequence of fine steps each composed of two respective
edges which are orthogonal (X-direction) and parallel (Y-di-
rection) to an optical axis. The steps are formed such that
each of the two edges composing the fine steps has a
dimension smaller than the spacing between the pixel elec-
trode 6 and the common electrode 7 composing the comb-
like electrode 2 in parallel relation. Each of the angular
portions of the stepped portions 10 is located at a position
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not reaching beyond half the spacing between the pixel
electrode 6 and the common electrode 7 composing the
comb-like electrode in parallel relation.

[0033] A description will be given next to an example of
a method for forming the flexed electrode pattern according
to the present invention. The scan lines (gate lines) and the
common electrode are formed on a transparent substrate
such as a glass substrate. The scan lines and the common
electrode are formed by patterning a Cr film deposited on the
transparent substrate by sputtering.

[0034] Next, an insulating film made of SiN or the like, an
amorphous silicon film, and a doped amorphous silicon film
are deposited successively on the transparent substrate.
Semiconductor layers for the TFTs are formed by patterning
the amorphous silicon film and the doped amorphous silicon
film. Subsequently, a metal material of Cr or the like is
deposited over the entire surface of the transparent substrate
and patterned so that source/drain electrodes are formed,
while the pixel electrodes and the signal lines are formed
simultaneously, whereby the TFT substrate is fabricated.
The pixel electrodes and the common electrode are formed
in flexed and comb-like configuration. The signal lines 1 are
also formed in flexed and parallel relation to the comb-like
electrodes 2. Besides Cr, any of Al, Mo, Ta, Ti, W, Nb, Fe,
Co, Ni, an alloy thereof, and the like may be used as the
material of each of the scan lines, the common electrode, the
signal lines, and the pixel electrodes.

[0035] When the signal lines and the comb-like electrodes
are thus formed by using a photolithographic technology, the
outer edge of the flexed electrode is added with fine stepped
portions. FIG. 6 shows an enlarged view of the comb-like
electrode 2 of FIG. 5, in which Lc represents the width of
the comb-like electrode 2 and La and Lb represent the width
(in a direction orthogonal to the optical axis) and height (in
a direction parallel to the optical axis) of each of the stepped
portions 10. As an example of these dimensions, Le=5 um,
La=5 pm, and Lb=10 xm can be listed. In this case, the tilt
angle 8 of the comb-like electrode 2 relative to the optical
axis has been adjusted to about 27 degrees.

[0036] In the IPS liquid crystal display device, a bi-
directional oblique electric field is generated between the
comb-like electrodes by a potential imparted between the
comb-like electrodes, which orients a liquid crystal in a
direction parallel to the electric field and allows a multi-
domain in-plane switching operation. That is, even when the
outer edge of each of the comb-like, electrodes is configured
to have fine stepped portions as shown in FIG. § according
to the present invention, the average direction of the electric
field is oblique two directions so that a normal switching
operation is enabled.

[0037] In the flexed comb-like electrode having the con-
ventional structure, the outer peripheral portion of the elec-
trode pattern is composed of a direct line tilted relative to the
optical axis which is neither orthogonal nor parallel to the
optical axis so that optical leakage due to diffraction has
occurred at the outer peripheral portion of the electrode
pattern. By contrast, the outer edge of the electrode pattern
of the flexed comb-like electrode according to the present
invention is configured to have additional fine stepped
portions each having a tilt angle of 0 degrees (parallel to the
optical axis) and 90 degrees (orthogonal to the optical axis)
between wiring and optical axis so that optical leakage from
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the outer peripheral portion (edge portion) of the electrode
pattern is prevented. By thus adding the fine stepped por-
tions smaller than the spacing between the electrodes to the
outer edge of the electrode pattern, the generation of a
polarized light component due to diffraction is prevented. In
the flexed comb-like electrodes according to the present
invention, therefore, optical leakage from the outer periph-
eral portion of the electrode pattern can be prevented and the
contrast of display on the screen of the liquid crystal display
device can be improved.

[0038] The present invention can achieve the same effects
if a transparent electrode material such as ITO (Indium-Tin
Oxide) is used instead of a metal material such as Cr for the
comb-like electrodes. However, a material other than metal
cannot be used for the scan electrodes because it increases
wiring resistance. As can be seen from FIG. 3, an amount of
optical leakage can also be reduced by reducing the tilt angle
of the electrode pattern relative to the optical axis. However,
since a reduction in tilt angle causes the problems of
increased threshold, enlarged disclination occurring at a
domain boundary, and the like, the tilt angle 0 is preferably
adjusted to 10 degrees or more.

[0039] Since the present invention can prevent the optical
leakage from the edge portion of the electrode pattern in the
IPS liquid crystal display device, it becomes possible to
lower the dark brightness of the screen and improve the
contrast thereof. This allows the provision of a high-quality
liquid crystal image with a wide viewing angle.

[0040] While the present invention has been described in
connection with certain preferred embodiments, it is to be
understood that the subject matter encompassed by way of
the present invention is not to be limited to those specific
embodiments. On the contrary, it is intended for the subject
matter of the invention to include all alternative, modifica-
tion and equivalents as can be included within the spirit and
scope of the following claims.

What is claimed is:
1. An IPS liquid crystal display device comprising:

a first substrate;

a second substrate disposed in opposing relation to said
first substrate;

a liquid crystal layer inserted between said first and
second substrates; and

a polarizer plate disposed outside of each of said first and
second substrates, wherein

said first substrate includes a plurality of signal lines and
scan lines arranged as a matrix thereon, a TFT switch-
ing element provided at each of points of intersection of
said signal lines and said scan lines, a comb-like pixel
electrode connected to said TFT switching element, and
a comb-like common electrode formed in interdigitated
relation with said pixel electrode, said pixel electrode,
said common electrode, and said signal lines have a
pattern structure in which they are formed in flexed and
mutually parallel configuration, and an outer edge of
each of said pixel electrode, said common electrode,
and said signal lines formed in said flexed configuration

is added with stairwise stepped portions.
2. An IPS liquid crystal display device according to claim
1, wherein an angular portion of each of said stepped
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portions of each of said pixel electrode, said common
electrode, and said signal lines is located at a position not
reaching beyond half a spacing between said pixel electrode
and said common electrode.

3. An IPS liquid crystal display device according to claim
1, wherein two edges composing each of said stepped
portions of said pixel electrode, said common electrode, and
said signal lines are composed of two respective edges
orthogonal and parallel to an optical axis.

4. An IPS liquid crystal display device according to claim
1, wherein each of said pixel electrode, said common
electrode, and said signal lines has a tilt angle not less than
10 degrees relative to an optical axis.

5. An IPS liquid crystal display device according to claim
1, wherein each of said pixel electrode, said common
electrode, and said signal lines is composed of a metal
material.

6. An IPS liquid crystal display device according to claim
1, wherein each of said pixel electrode and said common
electrode is composed of a transparent electrode.
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7. An TIPS liquid crystal display device according to claim
1, wherein said stepped portions added to an outer edge of
each of said pixel electrode, said common electrode, and
said signal lines formed in flexed configuration are formed
integrally with each of said pixel electrode, said common
electrode, and said signal lines by a photolithographic tech-
nology using the same material as composing each of said
pixel electrode, said common electrode, and said signal
lines.

8. AnIPS liquid crystal display device according to claim
5, wherein said metal material composing each of said pixel
electrode, said common electrode, and said signal lines
contains at least one selected from the group consisting of
Al Cr, Mo, Ta, Ti, W, Nb, Fe, Co, Ni, and an alloy thereof.

9. An IPS liquid crystal display device according to claim
6, wherein each of said pixel electrode and said common
electrode is composed of ITO.
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