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ACTIVE MATRIX LIQUID CRYSTAL DISPLAY
DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an active matrix
liquid erystal display device, and more particularly relates to
an in-plane switching mode active matrix liquid crystal
display device.

[0003] 2. Description of the Related Art

[0004] In recent years, an active matrix liquid crystal
display (LCD) device using a thin film transistor (TFT) as a
switching element of a pixel has been widely used. Opera-
tion modes of the LCD device described above include: a
twisted nematic (TN) mode of rotating liquid crystal mol-
ecules in a direction perpendicular to a glass substrate; and
a lateral electric field mode of rotating liquid crystal mol-
ecules in a direction parallel to a glass substrate. The lateral
electric field mode is also called an in-plane switching (IPS)
mode.

[0005] As shown in FIG. 8 or FIG. 9, in an IPS mode
LCD device, normally, pixel electrodes 51 and common
electrodes 52 are alternately formed so as to be parallel to
each other on a TFT substrate 50. Accordingly, electric fields
53 between both electrodes change an orientation of liquid
crystal molecules to control an amount of transmitted light.
As described above, in the IPS mode, the liquid crystal
molecules are rotated in a plane parallel to the substrate
surface. Thus, the IPS mode has viewing angle characteris-
tics better than those of the TN mode. As to such an IPS
mode LCD device, for example, Japanese Patent Laid-open
No. Hei 7-191336 has been known.

[0006] However, in the IPS mode LCD device of the
related art, in order to reduce a drive voltage, the pixel
electrodes 51 and the common electrodes 52 are arranged in
a comb-teeth pattern and the comb-teeth-shaped electrodes
are formed in an aperture. If the pixel electrodes 51 or the
common electrodes 52 are formed of conductive films which
are not transparent or have low light transmittance, aperture
ratio is inevitably lowered.

[0007] Moreover, since the comb-teeth-shaped electrodes
are formed on approximately the same plane, as shown in
FIG. 9, a vertical electric field perpendicular to substrates 50
and 60 is also generated, besides a lateral electric field
parallel to the substrates 50 or 60, between the comb-teeth-
shaped electrodes. Accordingly, a uniform lateral electric
field cannot be formed in a liquid crystal layer 70. Thus, the
viewing angle characteristics may be deteriorated.

[0008] Moreover, since the comb-teeth-shaped electrodes
are formed in an aperture, difference in level is formed by
the comb-teeth-shaped electrodes in the aperture. Accord-
ingly, in a rubbing treatment for controlling an initial align-
ment orientation of the liquid crystal molecules, rubbing
dust is produced by the difference in level. Thus, inferior
display characteristics such as a point defect may be caused
by the rubbing dust.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0009] Therefore, an exemplary feature of the invention is
to provide an IPS mode active matrix LCD device capable
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of improving aperture ratio and viewing angle characteris-
tics and of suppressing occurrence of inferior display char-
acteristics such as a point defect due to rubbing dust.

[0010] An IPS mode LCD device of the present invention
includes a pair of substrates facing each other and a liquid
crystal layer interposed between the pair of substrates. One
of the pair of substrates includes: a plurality of gate wirings
and a plurality of data wirings crossing each other, common
electrode wirings disposed approximately parallel to the
respective gate wirings; switching elements disposed in
respective pixel regions surrounded by the gate wirings and
the data wirings; and pixel electrodes connected to the
switching elements. In the LCD device, liquid crystal mol-
ecules of the liquid crystal layer within the pixel region are
rotated in a plane approximately parallel to the substrate by
a voltage applied between a common electrode connected to
one the common electrode wirings and the pixel electrode.
On the one substrate, stripe-shaped convex parts are pro-
vided, which are formed so as to overlap at least a region
where the data wirings are formed. The pixel electrode is
formed in a region including at least a part of one of side
walls of the convex part. Moreover, the common electrode
is formed in a region including at least a part of the other side
wall of the convex part.

[0011] Another IPS mode LCD device of the present
invention includes a pair of substrates facing each other and
a liquid crystal layer interposed between the pair of sub-
strates. One of the pair of substrates includes: a plurality of
gate wirings and a plurality of data wirings crossing each
other, common electrode wirings disposed approximately
parallel to the respective gate wirings; switching elements
disposed in respective pixel regions surrounded by the gate
wirings and the data wirings; and pixel electrodes connected
to the switching elements. In the LCD device, liquid crystal
molecules of the liquid crystal layer within the pixel region
are rotated in a plane approximately parallel to the substrate
by a voltage applied between a conmmon electrode connected
to one of the common electrode wirings and the pixel
electrode. On the one substrate, lattice-shaped convex parts
are provided, which are formed so as to overlap at least with
regions where the data wirings, the gate wirings and the
common electrode wirings are formed. The pixel electrode
is formed in a region including at least a part of one of side
walls of the convex part along the data wiring. Moreover, the
common electrode is formed in a region including at least a
part of the other side wall of the convex part.

[0012] Ttis preferable that the pixel electrode be formed of
a first pixel electrode, which is formed in the same layer as
the layer where the data wiring is formed, and a second pixel
electrode, which is formed on the first pixel electrode with
an insulating film interposed therebetween and is connected
to the first pixel electrode through a contact hole. Moreover,
it is preferable that the second pixel electrodes and the
common electrodes be formed in the same layer.

[0013] Moreover, it is preferable that the data wiring is
formed in an upper portion of the convex part, and the first
and second pixel electrodes be formed in a region including
at least a part of the one side wall of the convex patrt.

[0014] Moreover, it is preferable that the data wiring and
the first pixel electrode be formed in a lower portion of the
convex part, and the second pixel electrode be formed in a
region including at least a part of the one side wall of the
convex part.
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[0015] Moreover, it is preferable that a cross section of the
convex part in a direction perpendicular to an extending
direction have a trapezoidal shape in which side walls on
both sides are tilted at approximately the same angle relative
to a plane of the substrate.

[0016] According to the TIPS mode active matrix LCD
device of the present invention, the following exemplary
advantages are achieved.

[0017] A first advantage of the present invention is that it
is possible to increase aperture ratio and to improve bright-
ness and contrast compared with the IPS mode LCD device
of the related art. The reason for the above is that, since the
pixel electrodes and the common electrodes for generating a
lateral electric field are formed on the both side walls of the
convex part formed along the data wiring, effective areas of
the pixel electrodes and the common electrodes can be
increased. Thus, it is no longer required to form comb-teeth-
shaped electrodes crossing an aperture of a pixel region.
Specifically, the effective areas of the pixel electrodes and
the common electrodes can be increased while suppressing
an increase in an occupied area in a planar direction on the
substrate.

[0018] Moreover, a second advantage of the present inven-
tion is that viewing angle characteristics can be improved
compared with the IPS mode LCD device of the related art.
The reason for the above is that, by forming the pixel
electrodes and the common electrodes for generating the
lateral electric field on the both side walls of the convex part,
the pixel electrodes and the common electrodes can be
allowed to face each other between the convex parts adja-
cent to each other. Thus, an electric field generated between
the pixel electrodes and the common electrodes can be set
uniform and approximately parallel to a substrate surface.

[0019] Moreover, a third advantage of the present inven-
tion is that inferior display characteristics such as a point
defect can be suppressed. The reason for the above is that,
since it is not required to form the comb-teeth-shaped
electrodes crossing the aperture of the pixel region, the
aperture can be flattened. Thus, rubbing dust is less likely to
be produced in a rubbing treatment that is a process to allow
liquid crystal molecules to have orientation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] These and other objects and advantages and further
description of the invention will be more apparent to those
skilled in the art by reference to the description, taken in
connection with the accompanying drawings, in which:

[0021] FIG. 1is a plan view showing a configuration of a
TFT substrate of an IPS mode LCD device according to a
first exemplary embodiment of the present invention,

[0022] FIG. 2 is a view showing a structure of the TFT
substrate of the IPS mode LCD device according to the first
exemplary embodiment of the present invention, and is a
cross-sectional view taken along the line I-I in FIG. 1,

[0023] FIG. 3 is a view schematically showing an electric
field generated in the IPS mode L.CD device according to the
first exemplary embodiment of the present invention,

[0024] FIG. 4 is a plan view showing a configuration of
convex parts on the TFT substrate of the IPS mode LCD
device according to the first exemplary embodiment of the
present invention,
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[0025] FIG. 5 is a plan view showing another configura-
tion of convex parts on the TET substrate of the IPS mode
LCD device according to the first exemplary embodiment of
the present invention,

[0026] FIG. 6 is a plan view showing a configuration of a
TFT substrate of an IPS mode LLCD device according to a
second exemplary embodiment of the present invention,

[0027] FIG. 7 is a view showing a structure of the TFT
substrate of the IPS mode LCD device according to the
second exemplary embodiment of the present invention, and
is a cross-sectional view taken along the line 1I-1I in FIG. 6,

[0028] FIG. 8 is a plan view showing a configuration of a
TFT substrate of an IPS mode LCD device of the related art,
and

[0029] FIG.9 is a view schematically showing an electric
field generated in the IPS mode LCD device of the related
art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0030] According to an embodiment of the present inven-
tion, convex parts, each having a trapezoidal cross section or
the like, are formed so as to overlap with at least a region
where data wirings are formed on a TFT substrate included
in an active matrix LCD device. A pixel electrode is formed
in a region including at least a part of one of side walls of
the convex part. Moreover, a common electrode is formed in
a region including at least a part of the other side wall.
Between the convex parts adjacent to each other, the pixel
electrodes and the common electrodes are set to face each
other. In the structure described above, since effective areas
of the pixel electrodes and the common electrodes can be
increased, it is no longer required to form comb-teeth-
shaped electrodes crossing an aperture of a pixel region.
Thus, aperture ratio can be increased compared with an IPS
mode LCD device of the related art. Moreover, since the
pixel electrodes and the common electrodes can be set to
face each other, an electric field generated between the
electrodes can be set uniform and approximately parallel to
a substrate surface. Thus, viewing angle characteristics can
be improved compared with the IPS mode LCD device of
the related art. Furthermore, since it is not required to form
the comb-teeth-shaped electrodes in the aperture, rubbing
dust is less likely to be produced in the aperture. Thus,
inferior display characteristics such as a point defect can be
suppressed.

[0031] In order to give a more detailed description of the
above embodiment of the present invention, an IPS mode
active matrix LCD device according to a first exemplary
embodiment of the present invention will be described with
reference to FIGS. 1 to 5.

[0032] The active matrix LCD device of this embodiment
includes: one substrate on which switching elements such as
TFTs are formed; the other substrate on which color filters
and the like are formed; and a liquid crystal layer interposed
between the substrates. In the following description, the one
substrate on which the switching elements such as the TFTs
are formed is called a TFT substrate. Moreover, in the
following description, the other substrate on which the color
filters and the like are formed is called an opposing sub-
strate.
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[0033] On the TFT substrate, as shown in FIG. 1, gate
wirings 22 and data wirings 17 are disposed approximately
at right angles to each other, and common electrode wirings
21 are disposed approximately parallel to the respective gate
wirings 22. Moreover, in each of pixel regions surrounded
by the gate wirings 22 and the data wirings 17, a TFT 20 is
disposed, in which one of source and drain electrodes is
connected to the data wiring 17. The other one of the source
and drain electrodes of the TFT 20 is connected to a first
pixel electrode 18 extending along the data wiring 17 within
the pixel regions. The first pixel electrode 18 is bent in a
portion of the common electrode wiring 21 and overlaps
with the common electrode wiring 21 to form a storage
capacitor electrode 19. Moreover, on both sides of each of
the data wirings 17, a common electrode 15, which is
connected to the common electrode wiring 21 through a first
contact hole 23, and a second pixel electrode 16, which is
connected to the first pixel electrode 18 through a second
contact hole 24, are disposed.

[0034] Moreover, as shown in FIGS. 2 and 4, on a major
surface of a glass substrate 11, convex parts 12 bulging
along the data wirings 17 are formed. On an upper surface
of each of the convex parts 12, the data wiring 17 is formed
with a first insulating film 13 interposed there between. In a
region including at least a part of one of side walls of the
convex part 12, the first pixel electrode 18 is formed.
Moreover, in a region including at least a part of the one side
wall of the convex part 12, the second pixel electrode 16 is
formed on the first pixel electrode 18 with a second insu-
lating film 14 interposed therebetween. In a region including
at least a part of the other side wall of the convex part 12,
the common electrode 15 is formed. Specifically, as shown
in FIG. 3, on the TFT substrate of this embodiment, the
electrodes are disposed so as to allow the common electrode
15 to face the first and second pixel electrodes 18 and 16
across an aperture 25. Thus, it is possible to generate an
electric field 27 which is uniform and approximately parallel
to the substrate surface between the both electrodes. Fur-
thermore, an alignment film 26 is formed on the common
electrode 15, the second pixel electrode 16 and an exposed
portion of the second insulating film 14.

[0035] Note that the configurations shown in FIGS. 1 and
2 are examples. As long as the common electrode 15 is
formed on the one side wall of the convex part 12 and the
second pixel electrode 16 is formed on the other side wall
thereof, shapes and widths of the respective wirings and
electrodes, positions of the contact holes and the like are not
particularly limited. Moreover, in FIGS. 1 and 2, in order to
make it easy to understand relationships among the data
wirings 17, the common electrodes 15, the second pixel
electrodes 16 and the first pixel electrodes 18 and the convex
parts 12 are shown with emphasis. However, a width and a
height of the convex part 12, tilt angles of the side walls
thereof and the like are not limited. Moreover, in FIG. 2, a
cross section of the convex part 12 has a trapezoidal shape.
However, as long as the side walls are tilted at a predeter-
mined angle relative to the major surface of the substrate, a
rectangular shape, a polygonal shape, a shape having round
corners or the like may be adopted.

[0036] As shown in FIG. 2, in the opposing substrate,
black matrix layers 32, which define respective pixel regions
and block light between the pixel regions, are formed on a
glass substrate 31. In each of the pixel regions, a red color
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filter layer 33R, a green color filter layer 33G and a blue
color filter layer 33B are formed. In addition, an overcoat
layer 34 is formed, which covers the black matrix layers 32
and the color filter layers 33R, 33G and 33B and flattens a
surface thereof. Moreover, on the overcoat layer 34, an
alignment film 35 is formed. Furthermore, a liquid crystal
layer 40 is interposed between the TFT substrate and the
opposing substrate.

[0037] Next, with reference to FIGS. 1 and 2, description
will be given of a method of manufacturing the active matrix
LCD device of this embodiment.

[0038] First, on a glass substrate 11, a resist pattern is
formed along a region where data wirings 17 are formed, by
use of a well-known photolithography technique. Thereafter,
by use of a well-known etching technique, the exposed glass
substrate 11 is etched with a hydrofluoric acid etchant or the
like. Thus, convex parts 12 as shown in FIG. 2 are formed.
The convex parts 12 can be formed to have a desired shape
by appropriately setting a region to form the resist pattern,
an etching time, the type of the etchant and the like.
Moreover, the convex parts 12 may be formed in a stripe
pattern, as shown in FIG. 4, according to a pitch between the
data wirings 17. Alternatively, as shown in FIG. 5, lattice-
shaped convex parts may be formed by etching only portions
to be apertures 25 without etching portions where common
electrode wirings 21 and gate wirings 22 are disposed.
Specifically, only the portions to be the apertures 25 may be
formed to have a concave shape. Moreover, a height of the
convex part 12 may be set equal to or smaller than a
thickness of a liquid crystal layer in the aperture 25.

[0039] Next, a sputtering method is used to deposit Al, Mo
and the like on the glass substrate 11 having the convex parts
12 formed thereon. Accordingly, by use of the photolithog-
raphy and the etching techniques, the common electrode
wirings 21 and the gate wirings 22 are formed.

[0040] Next, by use of a plasma-enhanced CVD method,
a first insulating film 13 is laminated, which is made of a
silicon oxide film, a silicon nitride film or the like. Subse-
quently, amorphous silicon, polycrystalline silicon or the
like is deposited, followed by use of the photolithography
and the etching techniques to form an island-shaped semi-
conductor layer to be a TFT 20.

[0041] Next, the sputtering method is used to deposit Cr
and the like, and the data wirings 17, first pixel electrodes 18
and source and drain electrodes are formed by use of the
photolithography and the etching techniques. By allowing
the first pixel electrode 18 to overlap with the common
electrode wiring 21 as shown in FIG. 1, it is possible to
allow the first pixel electrode 18 to have a role to retain a
voltage applied to the liquid crystal layer, as a storage
capacitor electrode 19.

[0042] Thereafter, a second insulating film 14 made of a
silicon oxide film, a silicon nitride film or the like is
laminated by use of the plasma-enhanced CVD method.
Subsequently, at predetermined positions on the common
electrode wirings 21, first contact holes 23 are formed,
which penetrate the first and second insulating films 13 and
14. At the same time, at predetermined positions on the first
pixel electrodes 18, second contact holes 24 are formed,
which penetrate the second insulating film 14.

[0043] Next, a transparent conductive layer such as ITO
(indium thin oxide) is formed by use of the sputtering
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method. By use of the photolithography and the etching
technique for the transparent conductive layer, common
electrodes 15 and second pixel electrodes 16 are formed on
both side walls of the convex parts 12 as shown in FIGS. 1
and 2. The common electrodes 15 are electrically connected
to the common electrode wirings 21 through the first contact
holes 23, respectively. The second pixel electrodes 16 are
electrically connected to the first pixel electrodes 18 through
the second contact holes 24, respectively. Here, the common
electrodes 15 and the second pixel electrodes 16, which are
formed on the both side walls, may be electrically insulated
from each other. The electrodes described above may be
formed so as to overlap with upper surfaces of the convex
parts 12 or may be formed so as to partially cover the side
walls.

[0044] Thereafter, an alignment film 26 is formed on the
entire surface of the TFT substrate and a rubbing treatment
is performed along with the initial alignment direction for
the liquid crystal layer. In this event, in a TFT substrate of
the related art, comb-teeth-shaped electrodes formed of
pixel electrodes and common electrodes are formed in the
apertures. Accordingly, rubbing dust is produced by differ-
ences in level formed by the comb-teeth-shaped electrodes
and tend to remain in the apertures. Thus, inferior display
characteristics such as a point defect may be caused by the
rubbing dust. On the other hand, in the TFT substrate of this
embodiment, no electrodes are formed in the apertures 25 of
the pixel regions. Thus, no rubbing dust is produced in the
apertures 25. Therefore, occurrence of the inferior display
characteristics can be suppressed.

[0045] Meanwhile, in an opposing substrate, black matrix
layers 32 for blocking light between pixel regions are
formed. In addition, respective red, green and blue color
filter layers 33R, 33G and 33B are formed. Moreover, an
overcoat layer 34 is formed, which covers the black matrix
layers 32 and the color filter layers 33R, 33G and 33B and
flattens a surface thereof. Furthermore, an alignment film 35
is applied to the overcoat layer 34, and the rubbing treatment
is similarly performed. Thereafter, by use of a vacuum
injection method or an ODF (one drop fill) method, a liquid
crystal material is introduced between the TFT substrate and
the opposing substrate. By sticking the both substrates to
each other at its bezel regions, the active matrix LCD device
of this embodiment is completed, in which a liquid crystal
layer 40 is interposed between the TFT substrate and the
opposing substrate.

[0046] As described above, in the TFT substrate of this
embodiment, the common electrodes 15, the second pixel
electrodes 16 and the first pixel electrodes 18 are formed on
the both side walls of the convex parts 12. Thus, effective
areas of the electrodes can be increased while suppressing an
increase in an occupied area in a planar direction on the
substrate. In addition, it is no longer required to provide the
comb-teeth-shaped electrodes in the apertures, unlike the
TFT substrate of the related art. Accordingly, aperture ratio
can be improved. Moreover, in the TFT substrate of this
embodiment, the common electrodes 15 are disposed so as
to face the second pixel electrodes 16 and the first pixel
electrodes 18. Accordingly. an electric field, which is uni-
form and approximately parallel to the substrate surface, is
generated between the both electrodes. Thus, viewing angle
characteristics can also be improved. Moreover, in the TFT
substrate of this embodiment, since there are no differences

Sep. 28,2006

in level formed by the comb-teeth-shaped electrodes in the
apertures 25, rubbing dust is less likely to be produced in the
rubbing treatment. Thus, it is possible to suppress occur-
rence of inferior display characteristics such as a point
defect caused by the rubbing dust.

[0047] Next, with reference to FIGS. 6 and 7, description
will be given of an IPS mode active matrix LCD device
according to a second exemplary embodiment of the present
invention.

[0048] In the first exemplary embodiment described
above, after the convex parts 12 are formed on the glass
substrate 11, various wirings and electrodes are formed.
However, by use of the method described above, it is
required to form the gate wirings 22 and the common
electrode wirings 21 so as to cross the convex parts 12.
Moreover, it is required to form a resist pattern on the glass
substrate 11 with irregularities. Thus, it is required to manu-
facture the device while giving due consideration to control
abilities of the photolithography and the etching techniques.
Accordingly, in this embodiment, provided is realization
means for facilitating manufacturing by forming convex
parts 12 immediately before common electrodes 15 and
second pixel electrodes 16 are formed.

[0049] A planar shape of a TFT substrate of this embodi-
ment is the same as that of the first exemplary embodiment.
As shown in FIG. 6, gate wirings 22 and data wirings 17 are
disposed approximately at right angles to each other, and
commorn electrode wirings 21 are disposed approximately
parallel to the respective gate wirings 22. Moreover, in each
of pixel regions surrounded by the gate wirings 22 and the
data wirings 17, a TFT 20 is disposed, in which one of
source and drain electrodes is connected to the data wiring
17. The other one of the source and drain electrodes of the
TFT 20 is connected to a first pixel electrode 18 extending
along the data wiring 17 within the pixel region The first
pixel electrode 18 is bent in a portion of the common
electrode wiring 21 and overlaps with the common electrode
wiring 21 to form a storage capacitor electrode 19. More-
over, on both sides of each of the data wirings 17, a common
electrode 15, which is connected to the common electrode
wiring 21 through a first contact hole 23, and a second pixel
electrode 16, which is connected to the first pixel electrode
18 through a second contact hole 24, are disposed.

[0050] Moreover, as shown in FIG. 7, on a major surface
of a glass substrate 11, the data wirings 17 and the first pixel
electrodes 18 are formed with a first insulating film 13
interposed therebetween. On a second insulating film 14 on
the data wirings 17, the first pixel electrodes 18, and the first
insulating film 13, convex parts 12 bulging along the data
wirings 17 are formed. In a region including at least a part
of one of side walls of the convex part 12, the second pixel
electrode 16 is formed. Moreover, in a region including at
least a part of the other side wall of the convex part 12, the
common electrode 15 is formed. Furthermore, an alignment
film 26 is formed on the common electrodes 15, the second
pixel electrodes 16 and the convex parts 12.

[0051] Note that the configurations shown in FIGS. 6 and
7 are examples. As in the case of the first exemplary
embodiment, shapes and widths of the respective wirings
and electrodes, positions of the contact holes and the like are
not particularly limited. Moreover, in FIGS. 6 and 7, the
convex parts 12 are shown with emphasis. However, a width
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and a height of the convex part 12, tilt angles of the side
walls thereof and the like are not limited. Moreovet, a cross
section of the convex part 12 may have a shape in which side
walls thereof are tilted with respect to the substrate surface.

[0052] As shown in FIG. 7, in an opposing substrate,
black matrix layers 32, which define respective pixel regions
and block light between the pixel regions, are formed on a
glass substrate 31. In each of the pixel regions, a red color
filter layer 33R, a green color filter layer 33G and a blue
color filter layer 33B are formed. In addition, an overcoat
layer 34 is formed, which covers the black matrix layers 32
and the color filter layers 33R, 33G and 33B and flattens a
surface thereof. Moreover, on the overcoat layer 34, an
alignment film 35 is formed. Furthermore, a liquid crystal
layer 40 is interposed between the TFT substrate and the
opposing substrate.

[0053] Next, with reference to FIGS. 6 and 7, description
will be given of a method of manufacturing the active matrix
LCD device of this embodiment.

[0054] First, a sputtering method is used to deposit Al, Mo
and the like on a glass substrate 11, and common electrode
wirings 21 and gate wirings 22 are formed by use of a
photolithography technique and an etching technique.

[0055] Thereafter, by use of a plasma-enhanced CVD
method, a first insulating film 13 is laminated, which is made
of a silicon oxide film, a silicon nitride film or the like.
Subsequently, amorphous silicon, polycrystalline silicon or
the like is deposited, followed by use of the photolithogra-
phy and the etching techniques to form an island-shaped
semiconductor layer to be a TFT 20.

[0056] Next, the sputtering method is used to deposit Cr
and the like, and data wirings 17, first pixel electrodes 18
and source and drain electrodes are formed by use of the
photolithography and the etching techniques.

[0057] Next, after a second insulating film 14 made of a
silicon oxide film, a silicon nitride film or the like is
laminated by use of the plasma-enhanced CVD method, an
insulating film such as polyimide to be convex parts 12 is
formed to have a large thickness on the entire surface of the
substrate. Subsequently, a resist pattern is formed on the data
wirings 17 by use of a photolithography technique. The
exposed insulating film is etched by use of the etching
technique, and the convex parts 12 as shown in FIG. 7 are
formed. Note that, also in this embodiment, the convex parts
12 can be formed to have a desired shape by appropriately
setting a region where the resist pattern is formed, and
etching conditions. Moreover, the convex parts 12 maybe
formed in a stripe pattern according to a pitch between the
data wirings 17. Alternatively, lattice-shaped convex parts
may be formed by etching only portions to be apertures 25.
Furthermore, a height of the convex part 12 maybe set equal
to or smaller than a thickness of the liquid crystal layer in the
aperture 25.

[0058] Subsequently, at predetermined positions on the
common electrode wirings 21, first contact holes 23 are
formed, which penetrate the first and second insulating films
13 and 14. At the same time, at predetermined positions on
the first pixel electrodes 18, second contact holes 24 are
formed, which penetrate the second insulating film 14.

[0059] Next, transparent conductive layer such as ITO is
formed by use of the sputtering method. Thereafter, by use
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of the photolithography and the etching techniques for the
transparent conductive layer, common electrodes 15 and
second pixel electrodes 16 are formed on both side walls of
the convex parts 12 as shown in FIGS. 6 and 7. The
common electrodes 15 are electrically connected to the
common electrode wirings 21 through the first contact holes
23, respectively. The second pixel electrodes 16 are electri-
cally connected to the first pixel electrodes 18 through the
second contact holes 24, respectively. Note that, as in the
case of the first exemplary embodiment, the common elec-
trodes 15 and the second pixel electrodes 16, which are
formed on the both side walls, may be electrically insulated
from each other. The electrodes described above may be
formed so as to overlap with upper surfaces of the convex
parts 12 or may be formed so as to partially cover the side
walls.

[0060] Thereafter, an alignment film 26 is applied to the
entire surface of the TFT substrate, and the rubbing treat-
ment is performed. In this event, also in the TFT substrate
of this embodiment, no electrodes are formed in the aper-
tures 25. Thus, no rubbing dust is adhered in the apertures
25.

[0061] Meanwhile, in an opposing substrate, black matrix
layers 32 for blocking light between pixel regions are
formed. In addition, respective red, green and blue color
filter layers 33R, 33G and 33B are formed. Moreover, an
overcoat layer 34 is formed, which covers the black matrix
layers 32 and the color filter layers 33R, 33G and 33B and
flattens a surface thereof. Furthermore, an alignment film 35
1s applied to the overcoat layer 34, and the rubbing treatment
is similarly performed. Thereafter, by use of a vacuum
injection method or an ODF (one drop fill) method, a liquid
crystal material is introduced between the TFT substrate and
the opposing substrate. By sticking the both substrates to
each other at its bezel regions, the active matrix LCD device
of this embodiment is completed, in which a liquid crystal
layer 40 is interposed between the TFT substrate and the
opposing substrate.

[0062] As described above, also in the TFT substrate of
this embodiment, the common electrodes 15 and the second
pixel electrodes 16 are formed on the both side walls of the
convex parts 12. Thus, effective areas of the electrodes can
be increased, and it is no longer required to provide the
comb-teeth-shaped electrodes in the apertures 25, unlike the
TFT substrate of the related art. Accordingly, aperture ratio
can be improved. Moreover, in the TFT substrate of this
embodiment, the common electrodes 15 and the second
pixel electrodes 16 are disposed so as to face each other
across the apertures 25. Accordingly, an electric field, which
is uniform and approximately parallel to the substrate sur-
face, is generated between the both electrodes. Thus, view-
ing angle characteristics can also be improved. Moreover, in
the TFT substrate of this embodiment, since there are no
differences in level formed by the comb-teeth-shaped elec-
trodes in the apertures 25, rubbing dust is less likely to be
produced in the rubbing treatment. Thus, it is possible to
suppress occurrence of inferior display characteristics such
as a point defect caused by the rubbing dust.

[0063] Note that, although the pixel region shown in
FIGS. 1 and 6 takes a so-called single-domain structure, a
multi-domain structure including bent apertures may be
adopted in order to improve the viewing angle characteris-



US 2006/0215100 A1

tics. In addition, although the glass substrate is used in the
respective embodiments described above, a material of the
substrate is not limited to glass as long as the substrate is a
transparent substrate made of an insulator that can be an
alternative for glass. Moreover, although the TFT is used as
the switching element in the respective embodiments
described above, other switching elements having equiva-
lent functions may be used. Furthermore, in the embodi-
ments described above, the structure of the present invention
is applied to an inverted staggered type TFT. However, the
present invention is not limited to the embodiments
described above, but can also be applied to a forward
staggered type TFT.

[0064] The present invention can be applied to IPS mode
LCD devices in general. Particularly, in a high-definition
IPS mode LCD device with a small pixel size, prominent
effects can be achieved.

[0065] Although preferred embodiments of the invention
has been described with reference to the drawings, it will be
obvious to those skilled in the art that various changes or
modifications may be made without departing from the true
scope of the invention.

What is claimed is:
1. An in-plane switching mode liquid crystal display
device comprising:

a pair of substrates facing each other; and

a liquid crystal layer interposed between the pair of
substrates,

wherein one of the pair of substrates includes a plurality
of gate wirings and a plurality of data wirings crossing
each other, common electrode wirings disposed
approximately parallel to the respective gate wirings,
switching elements disposed in respective pixel regions
surrounded by the gate wirings and the data wirings,
and pixel electrodes connected to the switching ele-
ments,

liquid crystal molecules of the liquid crystal layer within
the pixel region are rotated in a plane approximately
parallel to the substrate by a voltage applied between a
common electrode connected to one of the common
electrode wirings and the pixel electrode,

stripe-shaped convex parts are formed so as to overlap at
least with regions where the data wirings are formed,

the pixel electrode is formed in a region including at least
a part of the one side walls of the convex part, and

the common electrode is formed in a region including at

least a part of the other side wall of the convex part.

2. The in-plane switching mode liquid crystal display
device according to claim 1,

wherein the pixel electrode is formed of a first pixel
electrode and a second pixel electrode, wherein the first
pixel electrode is formed from the same layer from
which the layer where the data wiring is formed and the
second pixel electrode is formed on the first pixel
electrode with an insulating film interposed therebe-
tween and is connected to the first pixel electrode
through a contact hole, and wherein the second pixel
electrodes and the common electrodes are formed from
the same layer.
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3. The in-plane switching mode liquid crystal display
device according to claim 2,

wherein the data wiring is formed on an upper portion of
the convex part, and

the first and second pixel electrodes are formed in a region
including at least a part of the one side wall of the
convex part.
4. The in-plane switching mode liquid crystal display
device according to claim 2,

wherein the data wiring and the first pixel electrode are

formed under a lower portion of the convex part, and

the second pixel electrode is formed in a region includ-

ing at least a part of the one side wall of the convex part.

5. The in-plane switching mode liquid crystal display
device according to claim 1,

wherein a cross section of the convex part in a direction
perpendicular to an extending direction has a trapezoi-
dal shape in which side walls on both sides are tilted at
approximately the same angle relative to a plane of the
substrate.
6. An in-plane switching mode liquid crystal display
device comprising;

a pair of substrates facing each other; and

a liquid crystal layer interposed between the pair of
substrates,

wherein one of the pair of substrates includes a plurality
of gate wirings and a plurality of data wirings crossing
each other, common electrode wirings disposed
approximately parallel to the respective gate wirings,
switching elements disposed in respective pixel regions
surrounded by the gate wirings and the data wirings,
and pixel electrodes connected to the switching ele-
ments,

liquid crystal molecules of the liquid crystal layer within
the pixel region are rotated in a plane approximately
parallel to the substrate by a voltage applied between a
common electrode connected to one of the common
electrode wirings and the pixel electrode,

lattice-shaped convex parts are formed so as to overlap at
least with regions where the data wirings, the gate
wirings and the common electrode wirings are formed,

the pixel electrode is formed in a region including at least
a part of the one side walls of the convex part along the
data wiring, and

the common electrode is formed in a region including at

least a part of the other side wall of the convex part.

7. The in-plane switching mode liquid crystal display
device according to claim 6,

wherein the pixel electrode is formed of a first pixel
electrode and a second pixel electrode, wherein the first
pixel electrode is formed from the same layer as the
layer from which the data wiring is formed and the
second pixel electrode is formed on the first pixel
electrode with an insulating film interposed therebe-
tween and is connected to the first pixel electrode
through a contact hole, and wherein the second pixel
electrodes and the common electrodes are formed from
the same layer.
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8. The in-plane switching mode liquid crystal display
device according to claim 7,

wherein the data wiring is formed on an upper portion of
the convex part, and the first and second pixel elec-
trodes are formed in a region including at least a part of
the one side wall of the convex part.
9. The in-plane switching mode liquid crystal display
device according to claim 7,

wherein the data wiring and the first pixel electrode are
formed under a lower portion of the convex part, and
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the second pixel electrode is formed in a region includ-

ing at least a part of the one side wall of the convex part.

10. The in-plane switching mode liquid crystal display
device according to claim 6,

wherein a cross section of the convex part in a direction
perpendicular to an extending direction has a trapezoi-
dal shape in which side walls on both sides are tilted at
approximately the same angle relative to a plane of the
substrate.



patsnap

LT RBFROF) BREERTREREE
NIF(2E)E US20060215100A1 [F(2E)A 2006-09-28
HiES US11/378293 HiEA 2006-03-20
FRIFBE(ERNP)AGE) NECHREHEAKRNSH
i (E R AGR) NECHR & HARERLF.
METRE(ERR)AGE) NECRERARBRLNT.
[#RI &8 A ITO HIDEKI
EBHA ITO, HIDEKI
IPCH %S GO02F1/1343
CPCHkE G02F1/134363 GO2F1/136286 G02F2001/133776 GO2F2001/136295 G02F2201/40 D06B1/02 D06B3
/10 D06B3/36 D06P5/15
k5 2005083051 2005-03-23 JP
H AN FF 3Tk US7688413
SNEBEEHE Espacenet  USPTO
BEGE) 12
ETFTERLLERBEREREZVXEYF , FRSEEERFEREN D ';;Q
B, BEBEWERE LMEIBSN—MIEL , AHBRFERES — MU NN
HL, A, GEDRMLHBIRREREBULARLRA LR 2 H 1K R
HER 41
18
[ 16
.
NNNNNNNNN
S

-
a
-
N


https://share-analytics.zhihuiya.com/view/197dcdd9-fd3f-43f3-b379-caf562fec71f
https://worldwide.espacenet.com/patent/search/family/037015354/publication/US2006215100A1?q=US2006215100A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220060215100%22.PGNR.&OS=DN/20060215100&RS=DN/20060215100

