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(57) ABSTRACT

A liquid crystal display device is provided that includes a
plurality of pixels that forms a display unit. Each of the pixels
includes at least a pair of substrates that is arranged opposite
each other with a liquid crystal layer disposed therebetween;
and a common electrode and a pixel electrode that are dis-
posed on one substrate of the pair of substrates with an insu-
lating film disposed therebetween so as to drive liquid crystal
molecules of the liquid crystal layer. An electrode of the
common electrode and the pixel electrode that is disposed
closer to the liquid crystal layer has a slit having a predeter-
mined tilt angle with respect to a longitudinal direction of
each of the pixels and opposite outer edges that are in parallel
to the slit.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present invention contains subject matter
related to Japanese Patent Application Nos. 2007-301300 and
2007-301301 filed in the Japanese Patent Office on Nov. 21,
2007, the entire contents of which are incorporated herein by
reference.

BACKGROUND

[0002] 1. Technical Field

[0003] The present invention relates to a liquid crystal dis-
play device, and more particularly, to a liquid crystal device
capable of improving transmittance characteristics.

[0004] 2. Related Art

[0005] 1In the related art, as liquid crystal display devices
capable of providing a high contrast ratio and a wide viewing
angle, a liquid crystal display device is known in which the
alignment of liquid crystal molecules is controlled by using
an electric field generated in a direction approximately par-
allel to two transparent substrates having liquid crystals sand-
wiched therebetween. That is, a liquid crystal display device
is known that is operated in a fringe-field switching (FFS)
mode or an in-plain switching (IPS) mode. In such a liquid
crystal display device, on one of the two transparent sub-
strates, a pixel electrode to which a display signal is supplied
and a common electrode to which a common potential is
supplied are arranged.

[0006] Inanliquid crystal display device thatis operated in
an FFS mode, a plurality of linear portions and a plurality of
slits are arranged in the pixel electrode so as to alternate in
parallel to each other, and the pixel electrode and the common
electrode are disposed opposite each other with an insulating
film disposed therebetween. The liquid crystal molecules are
initially aligned in accordance with a rubbing direction of an
alignment film. When the display signal is applied to the pixel
electrode, an electric field that extends from the linear por-
tions of the pixel electrode to the common electrode that
extends on a lower layer of the slits is generated in a direction
approximately parallel to the transparent substrate, and the
alignment direction of the liquid crystal molecules is con-
trolled in accordance with the electric field. An optical control
is carried out via the liquid crystal molecules so that images
are displayed as white or black.

[0007] For example, in Page | and FIG. 3 of JP-A-2002-
182230, an FFS mode liquid crystal display device is dis-
closed, in which first and second transparent insulating sub-
strates ate arranged opposite to each other at a predetermined
distance, with a liquid crystal layer including a plurality of
liquid crystal molecules interposed between them. A plurality
of gate bus lines and a plurality of data bus lines are formed on
the first transparent insulating substrate so as to be arranged in
a matrix form to define a unit pixel. A thin film transistor is
formed at intersections of the gate bus lines and the data bus
lines. A counter electrode made of a transparent conductor is
disposed in each unit pixel. A pixel electrode made of a
transparent conductor is arranged in each unit pixel to gener-
ate a fringe field with the counter electrode so as to be isolated
from the counter electrode, including a plurality of upper slits
and a plurality of lower slits that are symmetrical each other
with respect to longer sides of the pixel with a predetermined
1ilt angle.
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[0008] In the FFS mode liquid crystal display device dis-
closed in JP-A-2002-182230, a rectangular pixel electrode is
disposed at a region surrounded by the gate bus line and the
data bus line. A plurality of slits that is inclined with respect
to the shorter sides parallel to the gate bus line is formed in
parallel to each other in the pixel electrode. The upper slits
and the lower slits are formed such that the tilt angles thereof
are symmetrical each other at a central position in the longi-
tudinal direction of the pixel electrode. Therefore, it is pos-
sible to improve the transmittance by the slit configuration.
However, since the pixel electrode has a rectangular shape
and has slits that are inclined with respect to the shorter sides
of the rectangle, an electrode portion having a rectangular
equilateral triangular shape remains formed between the slits
close to the opposite outer edges on the lower sides and a
fringe of the pixel electrode. Therefore, the transmittance is
lowered in the electrode portion.

SUMMARY

[0009] An advantage of some aspects of the invention is
that it provides a liquid crystal display device capable of
improving transmittance characteristics of an electrode in
which slits are formed.

[0010] According to an aspect of the invention, there is
provided a liquid crystal display device that includes a plu-
rality of pixels that forms a display unit, in which each of the
pixels includes at least a pair of substrates that is arranged
opposite each other with a liquid crystal layer disposed ther-
ebetween; and a common electrode and a pixel electrode that
are disposed on one substrate of the pair of substrates with an
insulating film disposed therebetween so as to drive liquid
crystal molecules of the liquid crystal layer, and in which an
electrode of the common electrode and the pixel electrode
that is disposed closer to the liquid crystal layer has a slit
having a predetermined tilt angle with respect to a longitudi-
nal direction of each of the pixels and opposite outer edges
that are in parallel to the slit.

[0011] According to the configuration, since the electrode
of the common electrode and the pixel electrode, in which the
slit is formed, has opposite outer edges that are in parallel to
the slit, the electrode can be formed in a generally parallelo-
gram shape. Moreover, since the opposite outer edges that are
in parallel to the slit do not have any unnecessary electrode
portion, it is possible to improve the transmittance of the
pixels.

[0012] Inthe liquid crystal display device according to the
above aspect of the present invention, the slit may have a
parallelogram shape and may be formed at a position inner
than opposite outer edges in the longitudinal direction of the
slit, of the electrode close to the liquid crystal layer.

[0013] According to the configuration, since the electrode
close to the liquid crystal layer has a parallelogram shape, it is
easy to form an exposure mask used during etching of a thin
film of an electrode layer in order to form the electrode.
[0014] Inthe liquid crystal display device according to the
above aspect of the present invention, the slit may extend to
one of the opposite outer edges in the longitudinal direction of
the slit, of the electrode close to the liquid crystal layer and the
electrode may have a comb-teeth shape.

[0015] According to the configuration, since one end of the
slit extends to one of the opposite outer edges in the longitu-
dinal direction of the slit, of the electrode close to the liquid
crystal layer and the electrode has a comb-teeth shape, it is
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possible to further improve the transmittance compared with
the case where the electrode is formed in a parallelogram
shape.

[0016] Inthe liquid crystal display device according to the
above aspect of the present invention, a plurality of the slits
may be formed in parallel to each other in the electrode close
to the liquid crystal layer.

[0017] According to the configuration, since a plurality of
the slits is formed in parallel to each other, it is possible to
improve the transmittance of the pixels.

[0018] In the liquid crystal display device according to the
above aspect of the present invention, the electrode close to
the liquid crystal layer may be formed such that an outer
electrode portion thereof does not overlap with a gate line.
[0019]  According to the configuration, since the outer elec-
trode portion of the electrode close the liquid crystal layer
does not overlap with the gate line, the liquid crystal mol-
ecules between the outer electrode portion and the gate line
can be controlled by an electric field generated between the
outer electrode portion and a lower electrode formed larger
than the electrode close to the liquid crystal layer, whereby it
is possible to further improve the transmittance of the pixels.
[0020] In the liquid crystal display device according to the
above aspect of the present invention, the electrode close to
the liquid crystal layer may be formed such that at least a
portion of an outer electrode portion thereof overlaps with a
drain line.

[0021] According to the configuration, since the outer elec-
trode portion of the electrode close to the liquid crystal layer
overlaps with at least a portion of the drain line, the end of the
slit can be disposed closer to the drain line, whereby it is
possible to further improve the transmittance of the pixels.
[0022] In the liquid crystal display device according to the
above aspect of the present invention, the slit formed in the
electrode close to the liquid crystal layer may be formed at a
predetermined tilt angle with respect to a rubbing direction.
[0023] According to the configuration, since the slit is
formed at a predetermined tilt angle with respect to the rub-
bing direction, it is possible to stabilize the rotation direction
of the liquid crystal molecules of the liquid crystal layer.
[0024] In the liquid crystal display device according to the
above aspect of the present invention, the slit may be formed
using a mask in which an extension electrode portion is
formed at a position where a disclination occurs.

[0025] According to the configuration, since the slit is
formed using a mask in which an extension slit portion is
formed at a position of the slit where a disclination occurs, it
1s possible to prevent the slit from being formed in a circular
arc shape and to thus prevent the occurrence of the disclina-
tion.

[0026] In the liquid crystal display device according to the
above aspect of the present invention, the slit may be formed
using a mask in which an extension slit portion is formed at a
portion of the slit close to an aperture where a disclination
occurs.

[0027] According to the configuration, since the slit is
formed using a mask in which an extension slit portion is
formed at a portion of the slit close to an aperture where a
disclination occurs when the electrode is formed in a comb-
teeth shape, it is possible to prevent an end in the longitudinal
direction of the aperture from being formed in a circular arc
shape and to thus prevent the occurrence of the disclination.
[0028] According to another aspect of the present inven-
tion, there is provided a liquid crystal display device that
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includes a plurality of pixels that forms a display unit, in
which each of the pixels includes at least a pair of substrates
that is arranged opposite each other with aliquid crystal layer
disposed therebetween; and a common electrode and a pixel
electrode that are disposed on one substrate of the pair of
substrates with an insulating film disposed therebetween so as
to drive liquid crystal molecules of the liquid crystal layer. An
electrode of the common electrode and the pixel electrode
that is disposed closer to the liquid crystal layer is configured
such that at least a pair of slit forming regions, each having a
slithaving a predetermined tilt angle with respect to a rubbing
direction, are arranged such that an angle between a longitu-
dinal direction of each of the pixels and a longitudinal direc-
tion of the slit in one of the slit forming regions and an angle
between the longitudinal direction of each of the pixels and
the longitudinal direction of the slit in the other slit forming
region have a supplementary relationship. An outer edge of
the one slit forming region opposite the other slit forming
region is formed in an approximately parallel to the longitu-
dinal direction of the slit.

[0029] According to the configuration, an electrode of the
common electrode and the pixel electrode that is disposed
closerto the liquid crystal layer is configured such that at least
a pair of slit forming regions, each having a slit having a
predetermined tilt angle with respect to a rubbing direction,
are arranged such that an angle between a longitudinal direc-
tion of each of the pixels and a longitudinal direction of the slit
in one of the slit forming regions and an angle between the
longitudinal direction of each of the pixels and the longitudi-
nal direction of the slit in the other slit forming region have a
supplementary relationship. Moreover, an outer edge of the
one slit forming region opposite the other slit forming region
is formed in an approximately parallel to the longitudinal
direction of the slit. Therefore, the electrode can be formed in
a parallelogram shape with a multi-slit configuration. More-
over, since the opposite outer edges that are in parallel to the
slits, of the electrode in which the slits are formed do not have
any unnecessary electrode portion, it is possible to improve
the transmittance of the pixels.

[0030] Inthe liquid crystal display device according to the
above aspect of the present invention, in the respective
regions of the pair of slit forming regions, a plurality of slits
may be formed in parallel to each other in the electrode close
to the liquid crystal layer.

[0031] According to the configuration, since in the respec-
tive regions of the pair of slit forming regions, a plurality of
slits are formed in parallel to each other in the electrode close
to the liquid crystal layer, it is possible to improve the trans-
mittance in the respective slit forming regions.

[0032] Inthe liquid crystal display device according to the
above aspect of the present invention, the slit may extend to
one of the opposite outer edges in the longitudinal direction of
the slit, of the electrode close to the liquid crystal layer and the
electrode may have a comb-teeth shape.

[0033] According to the configuration, since the electrode
has a comb-teeth shape, it is possible to further improve the
transmittance.

[0034] Inthe liquid crystal display device according to the
above aspect of the present invention, the pair of slit forming
regions of one electrode may be formed in each of the pixels.
[0035] According to the configuration, since the electrodes
corresponding to one pixel are configured by an electrode
having a multi-slit configuration in which a pair of slit form-
ing regions is formed, it is possible to decrease the gap
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between the slit forming regions and to thus improve the
transmittance in the slit forming regions.

[0036] Inthe liquid crystal display device according to the
above aspect of the present invention, an active control por-
tion may be formed in a fringe portion of the one slit forming
region so as to control a voltage to be applied to the pixel
electrode.

[0037] According to the configuration, since the active con-
trol portion is formed in a fringe portion of the one slit form-
ing region of the electrode having a multi-slit configuration,
the active control portion can be disposed at the corner por-
tions of the pixel. Therefore, it is possible to improve the
transmittance of the entire pixels.

[0038] In the liquid crystal display device according to the
above aspect of the present invention, among two pixels adja-
cent to each other in the arrangement direction of the slits, a
slit forming region of one pixel, adjacent to the other pixel and
a slit forming region of the other pixel, adjacent to the one
pixel may be arranged such that slits of the slit forming
regions are in parallel to each other.

[0039] According to the configuration, since the slits of the
adjacent slit forming regions of the adjacent pixels are
arranged in parallel to each other, the slits can be formed so as
10 be continuously in parallel to each other between pixels
that are adjacent to each other in the arrangement direction of
the slits. Therefore, it is possible to form pixels so as to be
continuous in the arrangement direction of the slits.

[0040] In the liquid crystal display device according to the
above aspect of the present invention, a gate line may be
disposed at a boundary of the pair of slit forming regions so as
to supply a gate signal to a gate of the active control portion
that controls the voltage to be applied to the pixel electrode.
[0041]  According to the configuration, since the active con-
trol portion is disposed between the pair of slit forming
regions within each pixel, the active control portion can be
disposed at a position where the orientation of the slits is
changed and the transmittance is lowered. Therefore, it is
possible to minimize the size of the pixel region having a
multi-slit configuration.

[0042] In the liquid crystal display device according to the
above aspect of the present invention, the active control por-
tion may be bent such that it crosses the gate line two times.
[0043] According to the configuration, since the active con-
trol portion is bent such that it crosses the gate line two times,
it is possible to decrease the size of the regions where the thin
film transistor is formed, and thus, the ratio of a displayable
region, that is, an aperture ratio can be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0045] FIG. 1 is a top plan view of a liquid crystal display
device according to a first embodiment of the present inven-
tion.

[0046] FIG.21is asectional view taken along the line I111in
FIG. 1.
[0047] FIG. 3 is top plan view of a pixel electrode shown in
FIG. 1.
[0048] FIG. 4 is a top plan view of an aperture forming

mask according to the first embodiment.
[0049] FIG.5isadetailed view of a correction transmission
pattern portion shown in FIG. 4.

May 21, 2009

[0050] FIG. 6isatop plan view of a pixel electrode accord-
ing to a second embodiment of the present invention.

[0051] FIG. 7 is a top plan view of a liquid crystal display
device according to a third embodiment of the present inven-
tion.

[0052] FIG. 8is a top plan view of a pixel electrode shown
inFIG. 7.

[0053] FIG. 9 is a top plan view of an aperture forming
mask according to the third embodiment.

[0054] FIG. 10 is a detailed view of a correction non-trans-
mission pattern portion of an aperture forming mask.

[0055] FIG. 11 is a top plan view of another configuration
of a thin film transistor.

[0056] FIG. 12 is a top plan view of a liquid crystal display
device according to a fourth embodiment of the present inven-
tion.

[0057] FIG. 13 is a sectional view taken along the line
XMI-XIIT in FIG. 12.

[0058] FIG.14isatop plan view ofa pixel electrode shown
in FIG. 12.

[0059] FIG. 15 is a top plan view of an aperture forming
mask according to the fourth embodiment.

[0060] FIG. 16 is a top plan view of a liquid crystal display
device according to a fifth embodiment of the present inven-
tion.

[0061] FIG. 17 is a sectional view taken along the line
XVII-XVIIin FIG. 16.

[0062] FIG.18isatop planview ofa pixel electrode shown
in FIG. 16.

[0063] FIG. 19 is a top plan view of a liquid crystal display
device according to a sixth embodiment of the present inven-
tion.

[0064] FIG.201satop plan view ofa pixel electrode shown
in FIG. 19.

[0065] FIG. 21 is a top plan view of an aperture forming
mask according to the sixth embodiment.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0066] Hereinafter, exemplary embodiments will be
described with reference to accompanying drawings.

First Embodiment

[0067] FIG. 11is atop plan view of a liquid crystal display
device according to a first embodiment of the present inven-
tion, which is operated in an FFS mode of a normally black
type. In the drawing, reference numeral 1 generally desig-
nates a liquid crystal display device, in which a display unit 2
is configured by a plurality of pixels 3 arranged in matrix. In
FIG. 1, only a portion of the entire pixels 3 that constitute the
display unit 2 is illustrated.

[0068] As illustrated in FIG. 1, the display unit 2 has a
rectangular shape wherein the X directions corresponds to a
horizontal direction and the Y direction corresponds to a
vertical direction, in which a plurality of gate lines 4 to which
a pixel selection signal is supplied is arranged in the horizon-
tal direction at predetermined intervals, and a plurality of
drain lines 5 to which a display signal is supplied is arranged
in the vertical direction at predetermined intervals. Moreover,
when the display unit 1 is configured to be viewed through
polarized sunglasses, the vertical direction of the display unit
2 is set so as to be in parallel to an absorption axis of the
polarized sunglasses.
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[0069] The pixels 3 are disposed at pixel regions that are
surrounded by the gate lines 4 and the drain lines 5. In each
pixel 3, a thin film transistor TR in which the gate line 4 is
used as a gate electrode thereof is formed in an upper left
corner portion of a pixel forming region.

[0070] Thepixel 3 has a multi-layer structure, as illustrated
in the sectional view of FIG. 2, and has a first transparent
substrate 12 formed of glass or the like, having a first polar-
ization plate 11 formed on a lower surface thereof opposite a
backlight 10. A buffer film 13 is formed on an upper surface
ofthe first transparent substrate 12. An active layer 14 formed
of polysilicon and having a generally U shape as viewed in
FIG. 1, constituting the thin film transistor TR is formed on an
upper surface of the buffer film 13. A gate insulating film 15
is disposed so as to cover the active layer 14.

[0071] In a portion of the gate insulating film 15 opposite
the active later 14, the gate line 4 is disposed so as to pass
through the active layer 14 two times, so that a double gate
structure is formed. Moreover, the gate insulating film 15 and
the gate line 4 are covered by an interlayer insulating film 16.
On the interlayer insulating film 16, a drain line 5 that is
connected to the drain 17 of the thin film transistor TR via a
contact hole CH1 and a source electrode 19 that is connected
to the source 18 of the thin film transistor TR via a contact
hole CH2 are arranged.

[0072] The drain line 5 and the source electrode 19 are
covered by a passivation film 20, and a planarization film 21
is formed on the passivation film 20. It is to be noted that the
passivation film 20 is not always necessary and may be omit-
ted.

[0073] On the planarization film 21, acommon electrode 22
1s disposed, having an aperture 22a at a position opposite the
source electrode 19. The common electrode 22 is formed, for
example, as a beta film in an effective display region where
the pixels 3 are arranged, while in regions where the pixels 3
are not present, the common electrode 22 is connected via a
contact hole (not shown) to a common electrode line (not
shown) to which common potential is supplied. Moreover, the
common electrode may be formed in a stripe shape pattern
that is parallel to the gate lines and the drain lines and may be
connected to each common electrode line and each pixel.

[0074] Pixel electrodes 24 are arranged on the common
electrode 22 via an insulating film 23. The pixel electrodes 24
are connected to the source electrode 19 via a contact hole
CHS3 that is formed through the insulating film 23, the aper-
ture 22a of the common electrode 22, the planarization film
21, and the passivation film 20.

[0075] Thepixel electrodes 24 are covered by an alignment
film 25, and a rubbing direction of the alignment film 25 is set
$0 as to be in parallel to the transmission direction of a first
polarization plate 11.

[0076] Moreover, a second transparent substrate 29 having
a color filter 27 and an alignment film 28 formed on a lower
surface thereof is disposed above the alignment film 25 via a
liquid crystal layer 26 having liquid crystal molecules M.
Here, a rubbing direction of the alignment film 28 is identical
to the rubbing direction of the above-described alignment
film 25. Furthermore, the liquid crystal molecules M of the
liquid crystal layer 26 are initially aligned in accordance with
the rubbing direction of the alignment films 25 and 28: that is,
they are in a homogeneous alignment state.
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[0077] Further, a second polarization plate 30 having a
transmission axis perpendicular to the first polarization plate
11 is disposed on an upper surface of the second transparent
substrate 29.

[0078] The rubbing direction of the alignment films 25 and
28 is identical to the horizontal direction (X direction), as
illustrated in FIG. 3. As best shown in FIG. 3, each pixel
electrode 24 has a so-called single slit configuration, in which
a plurality of slits S1 is formed in parallel at predetermined
intervals L1 in the vertical direction, each slit having a rect-
angular shapethat s tilted by a predetermined angle 6s1 in the
rubbing direction of the alignment films 25 and 28.

[0079] Moreover, the pixel electrode 24 is generally paral-
lelogram shaped, wherein opposite outer edges 31 and 32
serving as shorter sides are formed at positions separated by
a predetermined distance 1.2 from both outermost slits S1 in
the vertical direction so as to be in parallel to the slits S1, and
wherein opposite outer edges 33 and 34 serving as longer
sides are formed so as to extend in the vertical direction to
connect the left and right ends of the opposite outer edges 31
and 32 with each other.

[0080] As will be understood from FIG. 2, the slits S1 are
configured as apertures through which a voltage is applied
between the pixel electrodes 24 as an upper electrode formed
via the insulating film 23 and the common electrode 22 serv-
ing as alower electrode, so that the liquid crystal molecules M
are driven by an electric field generated by the voltage appli-
cation. Since a plurality of slits S1 is formed in parallel to the
vertical direction, it is possible to improve the transmittance
of the pixel 3.

[0081] Moreover, each slit S1 has a tilt angle 0s1 in the
range of about +5 degrees to about +15 degrees, for example,
and preferably, of about +5 degrees, with respect to the rub-
bing direction of the alignment films 25 and 28, in order to
prevent the rotation direction of the liquid crystal molecules
M of the liquid crystal layer 26 from becoming unstable.
[0082] Furthermore, both ends in the longitudinal direction
of each slit S1 are formed at positions separated inward from
the opposite outer edges 33 and 34 of the pixel electrode 24
opposed to the respective ends by a predetermined distance
L3. In this manner, each pixel electrode 24 has a configuration
in which a parallelogram is formed by outer electrode por-
tions 35 and 36 that form the opposite outer edges 31 and 32,
respectively, and outer electrode portions 37 and 38 that form
the opposite outer edges 33 and 34, respectively, and in which
the outer electrode portions 37 and 38 are connected with
each other by connection electrode portions 39 that form the
slits SI.

[0083] When the pixel electrodes 24 are patterned, in some
cases, corner portions thereof are formed to have a slight
roundness by a photolithographic process. In order to obviate
such a roundness as much as possible, when the pattern of a
mask used for the patterning is selected in consideration of an
optical proximity effect, the roundness can be suppressed to
an ignorable extent.

[0084] Moreover, as illustrated in FIG. 1, when the outer
electrode portion 35 of the pixel electrode 24 and the drain
line 5 are arranged such that at least portions thereof overlap
with each other as viewed in plan view, the ends of the slits S1
can be formed closer to the drain line 5; therefore, it is pos-
sible to further improve the transmittance of the pixel 3.
Furthermore, when the outer electrode portion 35 of the pixel
electrode 24 and the gate line 4 are arranged such that they do
not overlap with each other, the liquid crystal molecules M
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between the outer electrode portion 35 and the gate line 4 can
be controlled by means of an electric field generated between
the outer electrode portion 35 and the common electrode 22
serving as the lower electrode, which is formed larger than the
pixel electrode 24; therefore, it is possible to further improve
the transmittance of the pixel 3.

[0085] The operation of the liquid crystal display device 1
having such a configuration will be described with reference
to FIG. 2. In an off state where an electric field is not gener-
ated between the common electrode 22 and the pixel elec-
trode 24, the liquid crystal molecules M of the liquid crystal
layer 26 are in an homogeneous alignment state, wherein the
longer axis direction of the liquid crystal molecules is in
parallel to the transmission axis of the first polarization plate
11, for example. In this case, light from the backlight 10 that
1s linearly polarized by the first polarization plate 11 passes
through the liquid crystal layer 26 with a polarization axis
unchanged and is then incident on the second polarization
plate 30. However, since the polarization axis of the light is in
parallel to the transmission axis of the second polarization
plate 30, the light is absorbed by the second polarization plate
30. That is, images are displayed as black (a normally black
display).

[0086] On the other hand, in an on state where an electric
field is generated between the common electrode 22 and the
pixel electrode 24, the longer axis of the liquid crystal mol-
ecules M of the liquid crystal layer 26 is rotated so as to be
approximately in parallel to the first transparent substrate 12
in accordance with the electric field. In this case, light from
the backlight 10 that is linearly polarized by the first polar-
ization plate 11 is elliptically polarized as it suffers birefrin-
gence in the liquid crystal layer 26 and is then incident on the
second polarization plate 30. Among the elliptically polarized
light, a component of which a polarization axis is identical to
the transmission axis of the second polarization plate 30 is
emitted, so that images are displayed as white.

[0087] At this time, since the opposite outer edges 31 and
32 of the outer electrode portions 35 and 36 of the pixel
electrode 24 are formed in parallel to the slits S1, compared
with a case where the pixel electrode 24 is generally rectan-
gular, the outer electrode portions 35 and 36 do not have any
unnecessary margin; therefore, it is possible to improve the
transmittance of the pixels 3.

[0088] When the pixels 3 in which the pixel electrodes 24
are arranged are operated by a so-called line inversion driving
method, display signals of different polarities are supplied to
the respective pixel electrodes 24 of pixels 3 that are adjacent
to each other in the vertical direction. For this reason, a
desired display result is not obtained due to interference
between different display signals, and thus, display defects
may occur in the vicinity of boundaries of such pixels 3. In
order to obviate such display defects, it would be good to
separate the respective pixel electrodes 24 of the pixels 3
adjacent to each other in the vertical direction as much as
possible; however, the transmittance may decrease when the
separation distance is too large.

[0089] The distance between the opposite outer edge 31 of
one pixel electrode 24 and the opposite outer edge 32 of the
other pixel electrode 24 is preferably set to a value twice or
slightly more than twice a distance where the liquid crystal
molecules M disposed outside the opposite outer edges 31
and 32 of the pixel electrodes 24 can be rotated by a desired
angle by an electric field. For example, the distance D1
between the outer edge 31 of one pixel electrode 24 of the
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respective adjustment pixel electrodes 24 and the outer edge
32 of the other pixel electrode 24 is in the range of 5
Oum<D1<15 um, and preferably, it is in the range of 7
pum<D1<10 pm for best results.

[0090] Inthe firstembodiment, when the ends ofthe slits S1
have a roundness, in some regions, the rotation direction of
the liquid crystal molecules M may be inverted with respect to
a desired direction, with the result that there occurs a discli-
nation, which is a phenomenon that in regions where images
are to be displayed as white, images are displayed as black,
and thus the transmittance decreases. In order to suppress the
occurrence of the disclination, it is necessary to obviate the
roundness of the ends of the slits S1, and for this reason, an
aperture electrode forming mask 100 as illustrated in FIG. 4is
used as a mask used for a photolithographic process.

[0091] The aperture electrode forming mask 100 is config-
ured such that basic transmission pattern portions 114 having
a shape corresponding to the shape of the slits S1 are formed
at positions of a non-transmission pattern portion 112 oppo-
site the slits S1 of the pixel electrode 24, and correction
transmission pattern portions 116 and 118 are formed at por-
tions of each of the basic transmission pattern portions 114
where a disclination occurs, so that the basic transmission
pattern portion 114 is expanded to suppress the occurrence of
the disclination.

[0092] Here, similar to the case of the first embodiment
where the slits S1 are tilted in the positive direction, i.e., a
counter-clockwise direction, with respect to the rubbing
direction, considering an XY coordinate system in which an
origin is at the central point of each slit S1, the X axis corre-
sponds to the longitudinal direction of the slit, and the Y axis
corresponds to the width direction of the slit, the portions of
the basic transmission pattern portion 114 correspond to cor-
ner portions of each slit in the second and fourth quadrants of
the XY coordinate system. In a case where the slits S1 are
tilted in the negative direction, i.e., a clockwise direction,
with respect to the rubbing direction, the disclination occurs
atcorner portions of each slitin the first and third quadrants of
the XY coordinate system.

[0093] As illustrated in an enlarged view in FIG. 5, the
correction transmission pattern portion 116 is formed con-
tinuous with the basic transmission pattern portion 114 in
such a fashion that the basic transmission pattern portion 114
is expanded into the non-transmission pattern portion 112.
The correction transmission pattern portion 116 includes a
relatively narrow strip-shaped pattern portion 119 that is con-
tinuous with the basic transmission pattern portion 114 and
extends with a tilt angle of about 45 degrees in a counter-
clockwise direction with respect to the longitudinal direction,
1.e., the x axis and a triangular pattern portion 120 having a
rectangular equilateral triangular shape, for example, that is
formed at an extension end of the strip-shaped pattern portion
119.

[0094] Here, a width dimension B of the strip-shaped pat-
tern portion 119 and an extension dimension C from the end
of the basic transmission pattern portion 114 to a distal end of
the triangular pattern portion 120 are set so as to be smaller
than a width dimension A of the basic transmission pattern
portion 114.

[0095] For example, when a slit width S of the pixel elec-
trode 24 formed after etching is about 4.0 pm, the width
dimension A of the basic transmission pattern portion 114
may be set to about 3.4 um, and in this case, the extension
dimension C and the width dimension B of the correction
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transmission pattern portion 116 may be set to about 1.75 pm
and about 1.4 um, respectively.

[0096] In high-definition liquid crystal display devices, the
width dimension A of the basic transmission pattern portion
114 is often set to a minimum dimension as small as close to
the limit of a resolution of an exposure device. Therefore, in
general liquid crystal display devices, even when the mini-
mum dimension of the pattern of the aperture electrode form-
ing mask is decreased to a value smaller than the resolution of
the exposure device, the exposure cannot be performed in a
desired dimension and shape. However. it is possible to obtain
a fine pattern equal to or smaller than the resolution of the
exposure device by utilizing the optical proximity effect. This
is based on the findings that when a correction pattern portion
having a shape and dimension considering diffraction of light
or the like is provided at a fringe portion of a basic pattern
portion close to the limit of the resolution of the exposure
device to correct the shape of the fringe portion of the basic
pattern portion, it is possible to form a pattern having a pre-
cision equal to or higher than the resolution of the exposure
device. In the example of FIG. 4, only in the basic transmis-
sion pattern portion 114, an exposure pattern thereof is circu-
lar arc shaped at an end portion thereof in the longitudinal
direction by the limit of the resolution of the exposure device.
However, by providing the correction transmission pattern
portion 116, the circular arc shape is corrected, and thus, an
exposure pattern having a shape quite close to a rectangular
shape can be obtained.

[0097] In order to utilize the optical proximity effect, the
dimension of the correction transmission pattern portion 116
is set so as to be smaller than the minimum dimension of the
basic transmission pattern portion 114. In the example
described above, when the resolution of the exposure device
is about 3 pm, the minimum dimension of the basic transmis-
sion pattern portion 114 can be set to about 3.4 um that is
larger than the resolution of about 3 um of the exposure
device, and the minimum dimension of the correction trans-
mission pattern portion 116 can be set to about 1.4 um that is
smaller than the resolution of about 3 pm of the exposure
device.

[0098] Suchanaperture electrode forming mask 100 can be
formed in accordance with a manufacturing method of a
general exposure mask such that the minimum dimension of
the basic transmission pattern portion 114 is set to a value
within an allowable range of the resolution of the exposure
device, and the correction transmission pattern portion 116
having a dimension smaller than the resolution of the expo-
sure device is provided at an end portion in the longitudinal
direction of the basic transmission pattern portion 114.
[0099] Although detailed illustration of the correction
transmission pattern portion 118 is omitted, the correction
transmission pattern portion 118 has a shape that is linearly
symmetrical to the shape of the correction transmission pat-
tern portion 116.

[0100] When exposure is performed using the aperture
electrode forming mask 100 having such a configuration,
light passes through the basic transmission pattern portion
114 and the correction transmission pattern portions 116 and
118, whereby a photosensitive resist is exposed. When the
photosensitive resist is exposed, characteristics thereof are
changed, and the exposed portions can be removed by using
appropriate development solution, whereby apertures having
the same shape as that of the basic transmission pattern por-
tion 114 are formed on the photosensitive resist. In this way,
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when etching is performed on a transparent conductive mate-
rial film for pixel electrodes using the photosensitive resist
having the apertures formed therein, the pixel electrode 24
having the slits S1 having a shape corresponding to the aper-
tures of the photosensitive resist is obtained.

Second Embodiment

[0101] Next, a second embodiment of the invention will be
described with reference to FIG. 6.

[0102] Inthe second embodiment, the tilt angle of the slits
S1 formed in the pixel electrode 24 and the rubbing direction
of the alignment films 25 and 30 are selected so as to suppress
the occurrence of the disclination. Due to patterning limita-
tions during manufacturing, since the ends of the slit S1 are
patterned in a circular arc shape, an angle between the rub-
bing direction and the direction of an electric field that
extends from the electrode portion of the pixel electrode to the
common electrode formed on the lower surfaces of the slits
S1 is not uniform. Therefore, in some regions, the rotation
direction of the liquid crystal molecules M may be inverted
with respect to a desired direction, with the result that there
occurs a disclination, which is a phenomenon that in regions
where images are to be displayed as white, images are dis-
played as black, and thus the transmittance decreases. In the
second embodiment, the occurrence of the disinclination is
suppressed to thereby increase the transmittance of the pixels.
[0103] Specifically, in the second embodiment, as illus-
trated in FIG. 6, the rubbing direction of the alignment films
25 and 30 has a tilt angle Or with respect to the horizontal
direction (X direction). The tilt angle Or is in the range of
about +20 degrees to about +50 degrees, for example, and
preferably, of about +30 degrees. The transmission axis of the
first polarization plate 11 is, for example, in parallel to the
rubbing direction.

[0104] In the pixel electrode 24 having a generally or
approximately parallelogram shape, a plurality of slits S1
each having a generally or approximately parallelogram
shape with longer sides E1 and shorter sides E2 is arranged in
parallel to each other. The longer sides E1 of the parallelo-
gram-shaped pixel electrode 24 are in parallel to the vertical
direction of the display unit 2. A tilt angle s of the longer
sides E1 of each slit S1 with respect to the horizontal direction
of the display unit 1 is set to a value larger than the tilt angle
Or of the rubbing direction by about +5 degrees to about +15
degrees, for example, and preferably, about +5 degrees, in
order to prevent the rotation direction of the liquid crystal
molecules M of the liquid crystal layer 26 from becoming
unstable.

[0105] On the other hand, a tilt angle He of the shorter sides
E2 of each slit S1 with respect to the horizontal direction is set
to a value larger than the tilt angle Os of the longer sides E1 but
smaller than [6r+90 degrees]. That is, in the pixel electrode
24, one corner portion Aac at the ends of each slit S1 forms an
aperture having an acute angle.

[0106] Moreover, the opposite outer edges 31 and 32 on the
shorter sides of the pixel electrode 24 have a tilt angle 6s with
respect to the horizontal direction. That is, the opposite outer
edges 31 and 32 of the pixel electrode 24 are in parallel to the
longer sides E1 of the slits S1. The opposite outer edges 31
and 32 cross the opposite outer edges 33 and 34 that extend in
the vertical direction at an acute angle. That is, corner por-
tions C having an acute angle are formed at a portion where
the opposite outer edge 31 and the opposite outer edge 34
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cross each other and a portion where the opposite outer edge
32 and the opposite outer edge 33 cross each other.

[0107] When the pixel electrodes 24 are patterned, in some
cases, the corner portions Aac of the slits S1 and the corner
portions C at the outer edges of the pixel electrodes 24 are
formed to have a slight roundness due to the optical proximity
effect of the photolithographic process. In order to obviate
such a roundness as much as possible, when the pattern of a
mask used for the patterning is selected in consideration ofan
optical proximity effect, the roundness can be suppressed to
an ignorable extent.

[0108] According to the second embodiment, since the
pixel electrode 24 is configured such that the inversion of the
rotation direction of the liquid crystal molecules M is not
likely to occur in the vicinity the acute angled corner portions
Aacofthe slits S1, it is possible to suppress the occurrence of
the disclination. Moreover, in the vicinity of the other ends of
the slits S1, the inversion of the rotation direction of the liquid
crystal molecules M does not occur essentially, the disclina-
tion does not occur.

[0109] Furthermore, since the regions that extend along the
opposite outer edges 31 and 32 of the pixel electrode 24 are in
parallel to the longer sides E1 of the slits S1, the shorter sides
E2 of the slits S1 are not present in the regions that extend
along the opposite outer edges 31 and 32. Further, since the
inversion of the rotation direction of the liquid crystal mol-
ecules M does not occur in the regions, the disclination does
not occur. In addition, by an electric field generated between
the opposite outer edges 31 and 32 of the pixel electrode 24
and the common electrode 22 disposed outside the opposite
outer edges 31 and 32, the rotation angle of the liquid crystal
molecules M in the regions can be controlled so as to be
identical to an angle within the pixel 3. As aresult, the regions
can be used for display. With this configuration, the disclina-
tion in the entire pixels 3 can be lowered, and the transmit-
tance can be increased.

[0110] In this case, among the ends of the slits S1 that
extend in the opposite outer edges 33 and 34 of the pixel
electrode 24, a distance between the opposite outer edges 33
and 34 and the ends of the slits S1 nearest to the opposite outer
edges 33 and 34 requires a predetermined distance due to
reasons such as forming of electrode materials. When the
distance from the opposite outer edges 33 and 34 to the
nearest ends is set to the predetermined distance, the ends of
the slits S1 may be located further away from the opposite
outer edges 33 and 34.

[0111] Such a margin in the edges of the pixel electrode 24
may decrease the transmittance, and in particular, when the
opposite outer edges 33 and 34 of the pixel electrode 24 are
longer than the opposite outer edges 31 and 32, the number of
locations where the disclination occurs may increase. That is,
the transmittance in the entire pixels 3 is extremely decreased.
Tothe contrary, in the present embodiment, since the tilt angle
05 of the slits S1 is larger than the tilt angle Or of the rubbing
direction, it is possible to decrease the distance between the
ends of the slits S1 at the edges of the pixel electrode 24 and
the opposite outer edges 33 and 34 of the pixel electrode 24.
Therefore, it is possible to prevent decrease in the transmit-
tance.

Third Embodiment

[0112] Next, a third embodiment of the invention will be
described with reference to FIGS. 7 and 8.

May 21, 2009

[0113] In the third embodiment, a pixel electrode has a
comb-teeth shape.

[0114] Specifically, as illustrated in FIGS. 7 and 8, the third
embodiment has the same configuration as that of the first
embodiment illustrated in FIGS. 1 and 3, except that the outer
electrode portion 38 on the right side of the pixel electrode 24
according to the first embodiment is not formed, and the pixel
electrode 24 has a comb-teeth shape. The same constituent
elements as those of FIGS. 1 and 3 will be referenced by the
same reference numerals, and the detailed descriptions
thereof will be omitted.

[0115] According to the third embodiment, since the outer
electrode portion 38 of the pixel electrode 24 according to the
first embodiment is not formed and the pixel electrode 24 has
a comb-teeth shape, the slits S1 do not have ends at one sides
thereof, and thus, it is possible to improve the transmittance.
[0116] In the third embodiment, in order to prevent the
occurrence of the disclination, it is necessary to obviate a
roundness of the ends of the comb-teeth shaped pixel elec-
trode 24. For this reason, an aperture electrode forming mask
200 as illustrated in FIG. 9 is used as a mask used for a
photolithographic process.

[0117] The aperture electrode forming mask 200 is config-
ured such that basic transmission pattern portions 214 having
a shape corresponding to the shape of the slits S1 are formed
at positions of a non-transmission pattern portion 212 oppo-
site the slits S1 of the pixel electrode 24, a correction non-
transmission pattern portion 216 is formed at a portion of each
of the basic transmission pattern portions 214 where a discli-
nation occurs, so that the basic transmission pattern portion
214 is reduced to suppress the occurrence of the disclination,
and a correction transmission pattern portion 218 is formed at
a portion of each of the basic transmission pattern portions
214, so that the basic transmission pattern portion 214 is
expanded to suppress the occurrence of the disclination.
[0118] Here, in the case of the third embodiment where the
slits S1 are tilted in the positive direction, i.e., a counter-
clockwise direction, with respect to the rubbing direction,
considering an XY coordinate system in which an origin is at
the central point of each slit S1, the X axis corresponds to the
longitudinal direction of the slit, and the Y axis corresponds to
the width direction of the slit, the portions of the basic trans-
mission pattern portion 114 correspond to corner portions D
of each slit in the second and fourth quadrants of the XY
coordinate system. In a case where the slits S1 are tilted in the
negative direction, i.e., a clockwise direction, with respect to
the rubbing direction, the disclination occurs at corner por-
tions of each slit in the first and third quadrants of the XY
coordinate system.

[0119] As illustrated in an enlarged view in FIG. 10, the
correction non-transmission pattern portion 216 is formed
continuous with the non-transmission pattern portion 212 in
such a fashion that the non-transmission pattern portion 212 is
expanded into the basic transmission pattern portion 214, in
other words, in such a fashion that the basic transmission
pattern portion 214 is reduced. The correction transmission
pattern portion 216 includes a relatively narrow strip-shaped
pattern portion 219 that is continuous with the non-transmis-
sion pattern portion 212 and extends with a tilt angle of about
45 degrees in a counter-clockwise direction with respect to
the longitudinal direction, i.e., the X axis and a triangular
pattern portion 220 having a rectangular equilateral triangular
shape, for example, that is formed at an extension end of the
strip-shaped pattern portion 219.
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[0120] Here,awidth dimension I of the strip-shaped pattern
portion 219 and an extension dimension ] from the end of the
non-transmission pattern portion 212 to a distal end of the
triangular pattern portion 220 are set so as to be smaller than
a width dimension H of the non-transmission pattern portion
212.

[0121] Forexample, when a width, i.e., a line width dimen-
sion W of the narrow electrode portion of the pixel electrode
24 formed after etching is about 3.0 pm, the width dimension
H of the non-transmission pattern portion 212 may be set to
about 3.6 pm, and in this case, the extension dimension I of
the correction non-transmission pattern portion 216 and the
width dimension I may be set to about 1.5 pm and about 1.4
Jum, respectively.

[0122] As described above with reference to FIGS. 4 and 5,
it is possible to obtain a fine pattern equal to or smaller than
the resolution of the exposure device by utilizing the optical
proximity effect. In the example of FIG. 10, only in the basic
transmission pattern portion 214 or the non-transmission pat-
tern portion 212, an exposure pattern thereof is circular arc
shaped at an end portion thereof in the longitudinal direction
by the limit of the resolution ofthe exposure device. However,
by providing the fine correction non-transmission pattern
portion 216, the circular arc shape is corrected, and thus, an
exposure pattern having a shape quite close to a rectangular
shape can be obtained.

[0123] In order to utilize the optical proximity effect, the
dimension of the correction non-transmission pattern portion
216 s set so as to be smaller than the minimum dimension of
the basic transmission pattern portion 214 or the non-trans-
mission pattern portion 212. In the example described above,
when the resolution of the exposure device is about 3 um, the
minimum dimension of the basic transmission pattern portion
214 can be set to about 3.6 um that is larger than the resolution
of about 3 um of the exposure device, and the minimum
dimension of the correction non-transmission pattern portion
216 can be set to about 1.4 um that is smaller than the reso-
lution of about 3 um of the exposure device.

[0124] Suchanaperture electrode forming mask 200 can be
formed in accordance with a manufacturing method of a
general exposure mask such that the minimum dimension of
the basic transmission pattern portion 214 is set to a value
within an allowable range of the resolution of the exposure
device, and the correction transmission pattern portion 216
having a dimension smaller than the resolution of the expo-
sure device is provided at an end portion in the longitudinal
direction of the basic transmission pattern portion 214.
[0125] The correction transmission pattern portion 218 has
the same configuration as that of the correction transmission
pattern portion 118 described above and illustrated in FIGS. 4
and 5.

[0126] In the third embodiment, the pixel electrode 24
according to the first embodiment is configured to have a
comb-teeth shape; however, the present invention is not lim-
ited to this, and the pixel electrode according to the second
embodiment may be configured to have a comb-teeth shape.

Fourth Embodiment

[0127] Next, a fourth embodiment of the invention will be
described with reference to the accompanying drawings.

[0128] FIG. 12 is atop plan view of a liquid crystal display
device according to a first embodiment of the present inven-
tion, which is operated in an FFS mode of a normally black
type. In the drawing, reference numeral 1 generally desig-
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nates a liquid crystal display device, in which a display unit 2
is configured by a plurality of pixels 3 arranged in matrix. In
FIG. 12, only a portion of the entire pixels 3 that constitute the
display unit 2 is illustrated.

[0129] As illustrated in FIG. 12, the display unit 2 has a
rectangular shape wherein the X directions corresponds to a
horizontal direction and the Y direction corresponds to a
vertical direction, in which a plurality of gate lines 4 to which
a pixel selection signal is supplied is arranged in the horizon-
tal direction at predetermined intervals, and a plurality of
drain lines 5 to which a display signal is supplied is arranged
in the vertical direction at predetermined intervals. Moreover,
when the display unit 1 is configured to be viewed through
polarized sunglasses, the vertical direction of the display unit
2 is set so as to be in parallel to an absorption axis of the
polarized sunglasses.

[0130] The pixels 3 are disposed at pixel regions that are
surrounded by the gate lines 4 and the drain lines 5. In each
pixel 3, a thin film transistor TR in which the gate line 4 is
used as a gate electrode thereof is formed in an upper left
corner portion of a pixel forming region.

[0131] Thepixel 3 has a multi-layer structure, as illustrated
in the sectional view of FIG. 13, and has a first transparent
substrate 12 formed of glass or the like, having a first polar-
ization plate 11 formed on a lower surface thereof opposite a
backlight 10. A buffer film 13 is formed on an upper surface
of the first transparent substrate 12. An active layer 14 formed
of polysilicon and having a generally U shape as viewed in
FIG. 12, constituting the thin film transistor TR is formed on
an upper surface of the buffer film 13. A gate insulating film
15 is disposed so as to cover the active layer 14.

[0132] In a portion of the gate insulating film 15 opposite
the active later 14, the gate line 4 is disposed so as to pass
through the active layer 14 two times, so that a double gate
structure is formed. Moreover, the gate insulating film 15 and
the gate line 4 are covered by an interlayer insulating film 16.
On the interlayer insulating film 16, a drain line 5 that is
connected to the drain 17 of the thin film transistor TR via a
contact hole CHI and a source electrode 19 that is connected
to the source 18 of the thin film transistor TR via a contact
hole CH2 are arranged.

[0133] The drain line 5 and the source electrode 19 are
covered by a passivation film 20, and a planarization film 21
is formed on the passivation film 20. It is to be noted that the
passivation film 20 is not always necessary and may be omit-
ted.

[0134] Ontheplanarization film 21, a common electrode 22
is disposed, having an aperture 22a at a position opposite the
source electrode 19. The common electrode 22 is formed, for
example, as a beta film in an effective display region where
the pixels 3 are arranged, while in regions where the pixels 3
are not present, the common electrode 22 is connected via a
contact hole (not shown) to a common electrode line (not
shown) to which common potential is supplied. Moreover, the
common electrode may be formed in a stripe shape pattern
that is parallel to the gate lines and the drain lines and may be
connected to each common electrode line and each pixel.
[0135] Pixel electrodes 24 are arranged on the common
electrode 22 via an insulating film 23. The pixel electrodes 24
are connected to the source electrode 19 via a contact hole
CH3 that is formed through the insulating film 23, the aper-
ture 22a of the common electrode 22, the planarization film
21, and the passivation film 20.
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[0136] Thepixel electrodes 24 are covered by an alignment
film 25, and a rubbing direction of the alignment film 25 is set
s0 as to be in parallel to the transmission direction of a first
polarization plate 11.

[0137] Moreover, a second transparent substrate 29 having
a color filter 27 and an alignment film 28 formed on a lower
surface thereof'is disposed above the alignment film 25 via a
liquid crystal layer 26 having liquid crystal molecules M.
Here, a rubbing direction of the alignment film 28 is identical
to the rubbing direction of the above-described alignment
film 25. Furthermore, the liquid crystal molecules X of the
liquid crystal layer 26 are initially aligned in accordance with
the rubbing direction of the alignment films 25 and 28; that s,
they are in a homogeneous alignment state.

[0138] Further, a second polarization plate 30 having a
transmission axis perpendicular to the first polarization plate
11 is disposed on an upper surface of the second transparent
substrate 29.

[0139] The rubbing direction of the alignment films 25 and
28 is identical to the horizontal direction (X direction), as
illustrated in FIG. 14. As best shown in FIG. 14, each pixel
electrode 24 has a so-called double slit configuration, in
which a pair of first and second slit forming regions A1 and A2
each having a slit shape is provided so that they are vertically
symmetric to each other about a central portion in the longi-
tudinal direction of the pixel 3.

[0140] In the first slit forming region A1, a plurality of slits
S1is formed in parallel at predetermined intervals L1 in the
vertical direction, each slit having a rectangular shape that is
tilted by a predetermined angle +6s1 in the rubbing direction
of the alignment films 25 and 28.

[0141] Moreover, in the second slit forming region A2, a
plurality of slits S2 is formed in parallel at predetermined
intervals L1 in the vertical direction, each slit having a rect-
angular shape that is tilted by a predetermined angle -0s1 in
the rubbing direction of the alignment films 25 and 28.
[0142] Specifically, the first slit forming region Al and the
second slit forming region A2 are arranged such that an angle
between the longitudinal direction of the pixel 3 and the
longitudinal direction of the slits S1 and an angle between the
longitudinal direction of the pixel 3 and the longitudinal
direction of the slits S2 have a supplementary relationship.
[0143] Moreover, the pixel electrode 24 is formed such that
an outer edge 31 close to the first slit forming region A1 is
formed at a position separated by a predetermined distance
L2 from the outermost slit S1 so as to serve as a shorter side
that is in parallel to the slits S1, and an outer edge 32 close to
the second slit forming region A2 is formed at a position
separated by a predetermined distance L2 from the outermost
slit S2 so as to serve as a shorter side that is in parallel to the
slits S2.

[0144] Furthermore, the pixel electrode 24 is generally par-
allelogram shaped with outer edges 31 to 34, wherein oppo-
site outer edges 33 and 34 serving as longer sides are formed
so as to extend in the vertical direction along the drain line 5
to connect the left and right ends of the outer edges 31 and 32
with each other.

[0145] Here, the slits S1 and S2 of the first and second slit
forming regions Al and A2 are configured as apertures
through which a voltage is applied between the pixel elec-
trodes 24 as an upper electrode formed via the insulating film
23 and the common electrode 22 serving as a lower electrode,
so that the liquid crystal molecules M are driven by an electric
field generated by the voltage application. Since a plurality of
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slits S1 and S2 is formed in parallel to the vertical direction (Y
direction) in each of the slit forming regions A1 and A2, it is
possible to improve the transmittance of the slit forming
regions Al and A2.

[0146] Moreover, each slit S1 of the first slit forming region
Al has a tilt angle +6s1 in the range of about +5 degrees to
about +15 degrees, for example, and preferably, of about +5
degrees, with respect to the rubbing direction of the alignment
films 25 and 28, in order to prevent the rotation direction of
the liquid crystal molecules M of the liquid crystal layer 26
from becoming unstable.

[0147] Furthermore, each slit S2 of the second slit forming
region A2 has a tilt angle -8s1 in the range of about -5
degrees to about —15 degrees, for example, and preferably, of
about -5 degrees, with respect to the rubbing direction of the
alignment films 25 and 28, in order to prevent the rotation
direction of the liquid crystal molecules M of the liquid crys-
tal layer 26 from becoming unstable.

[0148] Furthermore, both ends in the longitudinal direction
of each slit S1 or S2 are formed at positions separated inward
from the opposite outer edges 33 and 34 of the pixel electrode
24 opposed to the respective ends by a predetermined dis-
tance L3. In this manner, each pixel electrode 24 has a con-
figuration in which a parallelogram is formed by outer elec-
trode portions 35 and 36 that form the opposite outer edges 31
and 32, respectively, and outer electrode portions 37 and 38
that form the opposite outer edges 33 and 34, respectively, and
in which the outer electrode portions 37 and 38 are connected
with each other by connection electrode portions 39 that form
the slits S1 and S2.

[0149] Inaddition, theslits S1 and S2 at the boundary of the
first slit forming region A1 and the second slit forming region
A2 are formed such that the connection electrode portions 39
overlap with each other at the position of the outer electrode
portion 37, and a slit S3 is formed close to the outer electrode
portion 38 so that an end thereof is open to the outer edge 34.
[0150] When the slits S1 and S2 have a small tilt angle +0s1
and -0s1 with respect to the rubbing direction and a small slit
width due to the limit of the resolution during a photolitho-
graphic process, the slit S3 has a shape wherein it is open to
the outer edge 34, as illustrated in FIG. 14. On the other hand,
when the slits S1 and S2 have a large tilt angle +6s1 and -0s1
and have a large slit width, the slit S3 may have a shape
wherein the end close to the outer electrode portion 38 is
closed by the outer electrode portion 38.

[0151] When the pixel electrodes 24 are patterned, in some
cases, corner portions thereof are formed to have a slight
roundness by a photolithographic process. In order to obviate
such a roundness as much as possible, when the pattern of a
mask used for the patterning is selected in consideration of an
optical proximity effect, the roundness can be suppressed to
an ignorable extent.

[0152] The thin film transistor TR described above is
formed at the lower left corner of the second slit forming
region A2 of the pixel electrode 24.

[0153] Moreover, as illustrated in FIG. 12, when the outer
electrode portion 35 of the pixel electrode 24 and the drain
line 5 are arranged such that at least portions thereof overlap
with each other as viewed in plan view, the ends of the slits S1
can be formed closer to the drain line 5; therefore, it is pos-
sible to further improve the transmittance of the pixel 3.
Furthermore, when the outer electrode portion 35 of the pixel
electrode 24 and the gate line 4 are arranged such that they do
not overlap with each other, the liquid crystal molecules M
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between the outer electrode portion 35 and the gate line 4 can
be controlled by means of an electric field generated between
the outer electrode portion 35 and the common electrode 22
serving as the lower electrode, which is formed larger than the
pixel electrode 24; therefore, it is possible to further improve
the transmittance of the pixel 3.

[0154] The operation of the liquid crystal display device 1
having such a configuration will be described with reference
to FIG. 13. In an off state where an electric field is not
generated between the common electrode 22 and the pixel
electrode 24, the liquid crystal molecules M of the liquid
crystal layer 26 are in an homogeneous alignment state,
wherein the longer axis direction of the liquid crystal mol-
ecules is in parallel to the transmission axis of the first polar-
ization plate 11, for example. In this case, light from the
backlight 10 that is linearly polarized by the first polarization
plate 11 passes through the liquid crystal layer 26 with a
polarization axis unchanged and is then incident on the sec-
ond polarization plate 30. However, since the polarization
axis of the light is in parallel to the transmission axis of the
second polarization plate 30, the light is absorbed by the
second polarization plate 30. That is, images are displayed as
black (a normally black display).

[0155] On the other hand, in an on state where an electric
field is generated between the common electrode 22 and the
pixel electrode 24, the longer axis of the liquid crystal mol-
ecules M of the liquid crystal layer 26 is rotated so as to be
approximately in parallel to the first transparent substrate 12
in accordance with the electric field. In this case, light from
the backlight 10 that is linearly polarized by the first polar-
ization plate 11 is elliptically polarized as it suffers birefrin-
gence in the liquid crystal layer 26 and is then incident on the
second polarization plate 30. Among the elliptically polarized
light, a component of which a polarization axis is identical to
the transmission axis of the second polarization plate 30 is
emitted, so that images are displayed as white.

[0156] At this time, since the opposite outer edges 31 and
32 of the outer electrode portions 35 and 36 of the pixel
electrode 24 are formed in parallel to the slits S1 and S2,
compared with a case where the pixel electrode 24 is gener-
ally rectangular, the outer electrode portions 35 and 36 do not
have any unnecessary margin; therefore, it is possible to
improve the transmittance of the pixels 3. In addition, since
the thin film transistor TR has a double gate structure wherein
the gate line 4 passes through the active layer 14 two times, it
is possible to decrease the size of the regions where the thin
film transistor is formed, and thus, the ratio of a displayable
region, that is, an aperture ratio can be increased.

[0157] When the pixels 3 in which the pixel electrodes 24
are arranged are operated by a so-called line inversion driving
method, display signals of different polarities are supplied to
the respective pixel electrodes 24 of pixels 3 that are adjacent
1o each other in the vertical direction. For this reason, a
desired display result is not obtained due to interference
between different display signals, and thus, display defects
may occur in the vicinity of boundaries of such pixels 3. In
order to obviate such display defects, it would be good to
separate the respective pixel electrodes 24 of the pixels 3
adjacent to each other in the vertical direction as much as
possible; however, the transmittance may decrease when the
separation distance is too large.

[0158] The distance between the opposite outer edge 31 of
one pixel electrode 24 and the opposite outer edge 32 of the
other pixel electrode 24 is preferably set to a value twice or
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slightly more than twice a distance where the liquid crystal
molecules M disposed outside the opposite outer edges 31
and 32 of the pixel electrodes 24 can be rotated by a desired
angle by an electric field. For example, the distance D1
between the outer edge 31 of one pixel electrode 24 of the
respective adjustment pixel electrodes 24 and the outer edge
32 of the other pixel electrode 24 is in the range of 5
um<D1<15 pm, and preferably, it is in the range of 7
pm<D1<10 pum for best results.

[0159] Inthe fourth embodiment, when the ends of the slits
S1 and S2 have a roundness, in some regions, the rotation
direction of the liquid crystal molecules M may be inverted
with respect to a desired direction, with the result that there
occurs a disclination, which is a phenomenon that in regions
where images are to be displayed as white, images are dis-
played as black, and thus the transmittance decreases. In
order to suppress the occurrence of the disclination, it is
necessary to obviate the roundness of the ends of the slits S1
and 52, and for this reason, an aperture electrode forming
mask 100 as illustrated in FIG. 15 is used as a mask used for
a photolithographic process.

[0160] The aperture electrode forming mask 100 is config-
ured in a manner similar to the mask illustrated in FIG. 4
according to the first embodiment such that basic transmis-
sion pattern portions 113 having a shape corresponding to the
shape of the slits S1 are formed at positions opposite the first
slit forming region Al of the pixel electrode 24, basic trans-
mission pattern portions 114 having a shape corresponding to
the shape of the slits S2 are formed at positions opposite the
second slit forming region A2 of the pixel electrode 24, and
correction transmission pattern portions 115, 116, 117 and
118 are formed to suppress the occurrence of the disclination.
[0161] Here, in the case of the present embodiment, since
the slits S1 of the first slit forming region Al are tilted in the
positive direction, i.e., a counter-clockwise direction, with
respect to the rubbing direction, considering an XY coordi-
nate system in which an origin is at the central point of each
slit S1, the X axis corresponds to the longitudinal direction of
the slit, and the Y axis corresponds to the width direction of
the slit, the portions of the basic transmission pattern portion
113 correspond to corner portions of each slit in the second
and fourth quadrants of the XY coordinate system. Mean-
while, since the slits S2 of the second slit forming region A2
are tilted in the negative direction, i.e., a clockwise direction,
with respect to the rubbing direction, the portions of the basic
transmission pattern portion 114 where the disclination
occurs correspond to corner portions E of each slit in the first
and third quadrants of the XY coordinate system.

[0162] The correction transmission pattern portions have
the same configuration as the correction transmission pattern
portion illustrated in FIG. 5 according to the first embodi-
ment, and detailed dimension settings can be applied in a
similar manner.

[0163] When exposure is performed using the aperture
electrode forming mask 100 having such a configuration,
light passes through the basic transmission pattern portions
113 and 114 and the correction transmission pattern portions
115 to 118, whereby a photosensitive resist is exposed. When
the photosensitive resist is exposed, characteristics thereof
are changed, and the exposed portions can be removed by
using appropriate development solution, whereby apertures
having the same shape as that of the basic transmission pat-
tern portions 113 and 114 are formed on the photosensitive
resist. In this way, when etching is performed on a transparent
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conductive material film for pixel electrodes using the pho-
tosensitive resist having the apertures formed therein, the
pixel electrode 24 having the slits S1 and S2 having a shape
corresponding to the apertures of the photosensitive resist is
obtained.

Fifth Embodiment

[0164] Next, a fifth embodiment of the invention will be
described with reference to FIGS. 16 and 17.

[0165] In the fifth embodiment, thin film transistors TR are
formed at boundaries of a first slit forming region Al and a
second slit forming region A2.

[0166] Specifically, as illustrated in FIG. 16, the fifth
embodiment has the same configuration as that of the fourth
embodiment illustrated in FIG. 1, except that a thin film
transistor TR is formed at a boundary of the first slit forming
region Al and the second slit forming region A2 ofeach of the
pixel electrodes 24 within the pixels 3, and the orientations of
the pixel electrodes 24 and the pixels 3 that are adjacent to
each other in the vertical direction, i.e., along the drain line 5,
are inverted in the horizontal direction. The same constituent
elements as those of FIG. 1 will be referenced by the same
reference numerals, and the detailed descriptions thereof will
be omitted.

[0167] In the fifth embodiment, an absolute value of the tilt
angle +0s1 and -0s1 of the slits S1 and S2 of the first slit
forming region A1 and the second slit forming region A2 is set
to a value larger than that of the fourth embodiment.

[0168] As illustrated in an enlarged view in FIG. 18, slits
S1' and S2' formed at the boundary of the first slit forming
region Al and the second slit forming region A2 are con-
nected with each other at the side of the outer electrode
portion 37 to form a V shape. Moreover, the ends of the slits
S1' and S2' close to the outer electrode portion 38 are closed
at positions separated from the outer electrode portion 38 by
a distance LS that is larger than the distance L2, thereby
forming a transistor opposing electrode portion 40.

[0169] Moreover, as illustrated in FIG. 17, an active layer
14 having a generally U shape as viewed in FIG. 16 is formed
below the transistor opposing electrode portion 40 in an
opposing manner, and a thin film transistor TR having a
double gate structure is formed such that a gate line 4 passes
between the drain 17 and the source 18 of the active layer 14
wo times. The source 18 of the thin film transistor TR is
electrically connected to the transistor opposing electrode
portion 40 via the contact hole CH2, the source electrode 19,
and the contact hole CH3.

[0170] According to the fifth embodiment, the transistor
opposing electrode portion 40 that is opposed to the thin film
transistor TR is formed at the boundary ofthe first slit forming
region Al and the second slit forming region A2 in which the
tilt directions of the slits S1 and S2 are opposite. Moreover, as
illustrated in FIG. 17, the transistor opposing electrode por-
tion 40 is connected to the source 18 of the thin film transistor
TR, and the gate line 4 is disposed so as to cross the active
layer 14 of the thin film transistor TR two times. Therefore, as
illustrated in FIG. 16, the gate line 4 can be disposed so as to
cross a central portion in the vertical direction of one pixel 3,
and thus, the size of the pixel 3 can be minimized.

[0171] In addition, as described above, since the thin film
transistor TR has a double gate structure, it is possible to
miniaturize the configuration, and thus, the gap between the
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first slit forming region A1 and the second slit forming region
A2 can be narrowed, whereby the size of the pixel 3 can be
further minimized.

[0172] Furthermore, since the adjacent pixel electrodes 24
arehorizontally inverted, the slits S1 or S2 are continuously in
parallel to each other between the adjacent pixels 3, and thus,
no discontinuity is formed between the pixels 3, whereby the
transmittance between the adjacent pixels 3 can be improved.

Sixth Embodiment

[0173] Next, a sixth embodiment of the invention will be
described with reference to FIGS. 19 and 20.

[0174] In the sixth embodiment, a pixel electrode has a
comb-teeth shape.

[0175] Specifically, as illustrated in FIGS. 19 and 20, the
sixth embodiment has the same configuration as that of the
fourth embodiment illustrated in FIGS. 12 and 14, except that
the outer electrode portion 38 on the right side of the pixel
electrode 24 according to the fourth embodiment is not
formed, and the pixel electrode 24 has a comb-teeth shape.
The same constituent elements as those of FIGS. 12 and 14
will be referenced by the same reference numerals, and the
detailed descriptions thereof will be omitted.

[0176] According to the sixth embodiment, since the outer
electrode portion 38 of the pixel electrode 24 according to the
fourth embodiment is not formed and the pixel electrode 24
has a comb-teeth shape, the slits S1 do not have ends at one
sides thereof, and thus, it is possible to improve the transmit-
tance.

[0177] In the sixth embodiment, in order to prevent the
occurrence of the disclination, it is necessary to obviate a
roundness of the ends of the comb-teeth shaped pixel elec-
trode 24. For this reason, an aperture electrode forming mask
200 as illustrated in FIG. 21 is used as a mask used for a
photolithographic process.

[0178] The aperture electrode forming mask 200 is config-
ured in a manner similar to the mask illustrated in FIG. 15
according to the fourth embodiment such that basic transmis-
sion pattern portions 213 and 214 having a shape correspond-
ing to the shape of the slits S1 and S2 are formed at positions
opposite the slits S1 and S2 of the pixel electrode 24, correc-
tion non-transmission pattern portions 215 and 216 are
formed to suppress the occurrence of the disclination, and
correction transmission pattern portions 217 and 218 are
formed, so that the basic transmission pattern portions 213
and 214 are expanded to suppress the occurrence of the dis-
clination.

[0179] Here, similar to the case of the fourth embodiment
where the slits S1 are tilted in the positive direction, i.e., a
counter-clockwise direction, with respect to the rubbing
direction, considering an XY coordinate system in which an
origin is at the central point of each slit S1, the x axis corre-
sponds to the longitudinal direction of the slit, and the Y axis
corresponds to the width direction of the slit, the portions of
the basic transmission pattern portion 213 correspond to cor-
ner portions of each slit in the second and fourth quadrants of
the XY coordinate system. Meanwhile, when like the slits S2,
the slits are tilted in the negative direction, i.e., a clockwise
direction, with respect to the rubbing direction, the portions
of the basic transmission pattern portion 214 where the dis-
clination occurs correspond to corner portions of each slit in
the first and third quadrants of the XY coordinate system.
[0180] The correction non-transmission pattern portions
have the same configuration as the correction transmission
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pattern portion illustrated in FIG. 10 according to the third
embodiment, and detailed dimension settings can be applied
in a similar manner.

[0181] In the sixth embodiment, the pixel electrode 24
according to the fourth embodiment is configured to have a
comb-teeth shape; however, the present invention is not lim-
ited to this, and the pixel electrode according to the fifth
embodiment may be configured to have a comb-teeth shape.
[0182] Moreover, in the first to third embodiments, it has
been described for the case where the longitudinal direction
of the slits S1 of the pixel electrode 24 is tilted in the positive
direction with respect to the rubbing direction; however, the
present invention is not limited to this, but the longitudinal
direction of the slits S1 may be tilted in the negative direction
with respect to the rubbing direction.

[0183] Furthermore, in the first to third embodiments, it has
been described for the case where among the common elec-
trode 22 and the pixel electrode 24, the pixel electrode 24 is
disposed closer to the liquid crystal molecules M than the
common electrode 22; however, the present invention is not
limited to this, but the common electrode 22 may be disposed
close to the liquid crystal molecules M, and in this case, the
slits S1 may be formed in the common electrode 22 instead of
the pixel electrode 24.

[0184] In addition, in the fourth to sixth embodiments, it
has been described for the case where among the common
electrode 22 and the pixel electrode 24, the pixel electrode 24
1s disposed closer to the liquid crystal molecules M than the
common electrode 22 and where the first slit forming region
Al and the second slit forming region A2 having the slits S1
and S2, respectively, are formed in the pixel electrode 24,
however, the present invention is not limited to this, but the
common electrode 22 may be disposed close to the liquid
crystal molecules M, and in this case, the first slit forming
region Al and the second slit forming region A2 having the
slits S1 and S2, respectively, may be formed in the common
electrode 22 instead of the pixel electrode 24.

[0185] Moreover, in the first to sixth embodiments, it has
been described for the case where the active layer 14 of the
thin film transistor TR has a generally U shape, and where the
gate line 4 is disposed so as to pass through the active layer 14
two times, so that a double gate structure is formed. However,
the present invention is not limited to this, but as illustrated in
FIG. 11, the active layer 14 may be formed in a linear shape,
a branch portion 300 may be formed in the gate line 4 so as to
bifurcated at the position of the active layer 14, so that a
double gate structure wherein the gate line 4 crosses the active
layer 14 two times is formed.

[0186] Furthermore, in the first to sixth embodiments, it has
been described for the case where the pixel 3 is operated in an
FFS mode of a normally black type; however, the present
invention is not limited to this but may be applied to a liquid
crystal display device that is operated in an FFS mode of a
normally white type. In such a case, the relationship between
the transmission axis of the first polarization plate 11 and the
second polarization plate 30 and the rubbing direction of the
alignment films 25 and 28 may be changed in accordance with
the normally white type.

[0187] Although the exemplary embodiments of the inven-
tion have been described with reference to the accompanying
drawings, it should be understood that the invention is not
limited to such embodiments. Various shapes or combina-
tions of respective constituent elements illustrated in the
above-described embodiments are merely examples, and
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various changes may be made depending on design require-
ments or the like without departing from the spirit or scope of
the invention.

What is claimed is:
1. A liquid crystal display device, comprising;: a plurality of
pixels that forms a display unit,
wherein each pixel comprises at least:
apair of substrates that is arranged opposite each other with
a liquid crystal layer disposed therebetween; and

a common electrode and a pixel electrode that are disposed
on one substrate of the pair of substrates with an insu-
lating film disposed therebetween so as to drive liquid
crystal molecules of the liquid crystal layer, and

wherein an electrode of the common electrode and the
pixel electrode that is disposed closer to the liquid crys-
tal layer has a slit having a predetermined tilt angle with
respect to a longitudinal direction of each of the pixels
and opposite outer edges that are in parallel to the slit.
2. The liquid crystal display device according to claim 1,
wherein the slit has a parallelogram shape and is formed at a
position inner than opposite outer edges in the longitudinal
direction of the slit, of the electrode close to the liquid crystal
layer.
3. The liquid crystal display device according to claim 1,
wherein the slit extends to one of the opposite outer edges in
the longitudinal direction of the slit, of the electrode close to
the liquid crystal layer and the electrode has a comb-teeth
shape.
4. The liquid crystal display device according to claim 1,
wherein a plurality of the slits is formed in parallel to each
other in the electrode close to the liquid crystal layer.
5. The liquid crystal display device according to claim 1,
wherein the electrode close to the liquid crystal layer is
formed such that an outer electrode portion thereof does not
overlap with a gate line.
6. The liquid crystal display device according to claim 1,
wherein the electrode close to the liquid crystal layer is
formed such that at least a portion of an outer electrode
portion thereof overlaps with a drain line.
7. The liquid crystal display device according to claim 1,
wherein the slit formed in the electrode close to the liquid
crystal layer is formed at a predetermined tilt angle with
respect to a rubbing direction.
8. The liquid crystal display device according to claim 1,
wherein the slit is formed using a mask in which an extension
slitportion is formed at a portion of the slit close to an aperture
where a disclination occurs.
9. The liquid crystal display device according to claim 3,
wherein the slitis formed using a mask in which an extension
electrode portion is formed at a position where a disclination
occurs.
10. A liquid crystal display device, comprising:
a plurality of pixels that forms a display unit,
wherein each pixel comprises at least:
a pair of substrates that is arranged opposite each other with
a liquid crystal layer disposed therebetween; and

a common electrode and a pixel electrode that are disposed
on one substrate of the pair of substrates with an insu-
lating film disposed therebetween so as to drive liquid
crystal molecules of the liquid crystal layer,

wherein an electrode of the common electrode and the

pixel electrode that is disposed closer to the liquid crys-
tal layer is configured such that at least a pair of slit
forming regions, each having a slit having a predeter-
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mined tilt angle with respect to a rubbing direction, are
arranged such that an angle between a longitudinal
direction of each of the pixels and a longitudinal direc-
tion of the slit in one of the slit forming region and an
angle between the longitudinal direction of each of the
pixels and the longitudinal direction of the slit in the
other slit forming region have a supplementary relation-
ship, and

wherein an outer edge of the electrode corresponding to the
one slit forming region opposite the other slit forming
region is formed in an approximately parallel to the
longitudinal direction of the slit in the one slit forming
region.

11. The liquid crystal display device according to claim 10,
wherein in the respective regions of the pair of slit forming
regions, a plurality of slits are formed in parallel to each other
in the electrode close to the liquid crystal layer.

12. The liquid crystal display device according to claim 10,
wherein the slit extends to one of the opposite outer edges in
the longitudinal direction of the slit, of the electrode close to
the liquid crystal layer and the electrode has a comb-teeth
shape.

13
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13. The liquid crystal display device according to claim 10,
wherein the pair of slit forming regions is formed in each of
the pixels.

14. The liquid crystal display device according to claim 13,
wherein an active control portion is formed in a fringe portion
of the one slit forming region so as to control a voltage to be
applied to the pixel electrode.

15. The liquid crystal display device according to claim 10,
wherein among two pixels adjacent to each other in the
arrangement direction of the slits, a slit forming region of one
pixel, adjacent to the other pixel and a slit forming region of
the other pixel, adjacent to the one pixel are arranged such that
slits of the slit forming regions are in parallel to each other.

16. The liquid crystal display device according to claim 15,
wherein a gate line is disposed at a boundary of the pair of slit
forming regions so as to supply a gate signal to a gate of the
active control portion that controls the voltage to be applied to
the pixel electrode.

17. The liquid crystal display device according to claim 16,
wherein the active control portion is bent such that it crosses
the gate line two times.
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