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(7) ABSTRACT

Light leakage between pixel electrodes over a video signal
line in a TN-type liquid crystal display device in which a dot
inversion driving is applied with a three o’clock viewing
angle is prevented. Pixel electrodes (PX) are formed on both
sides of a video signal line (DL) of a first substrate (SUB1),
and an end of the pixel electrode (PX) and the video signal
line (DL) overlap each other. Over a second substrate
(SUB2), a black matrix (BM) is formed in a portion corre-
sponding to the video signal line (DL). By shifting the black
matrix BM and the video signal line DL to the left with

POL2

(22) Filed: Aug. 28,2008
respect to a gap G between the pixel electrodes PX, it is
(30) Foreign Application Priority Data possible to prevent light leakage caused by a disclination line
(DS) which occurs by ahorizontal electric field between pixel
Aug. 30,2007  (JP) .coreeccrcn 2007-224106 electrodes (PX).
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Japa-
nese application JP 2007-224106 filed on Aug. 30, 2007, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and, in particular, to a liquid crystal display
device having a countermeasure to a light leakage in a dot-
inversion driving method or in a column inversion driving
method.

[0004] 2. Description of the Related Art

[0005] Inaliquid crystal display device, a first substrate on
which pixel electrodes, thin film transistors (hereinafter
referred to as “TFT”), etc. are formed in a matrix form and a
second substrate on which color filters or the like are formed
at positions corresponding to the pixel electrodes oppose each
other, and liquid crystal is provided between the first substrate
and the second substrate. A transmittance of light by the
liquid crystal molecules is controlled for each pixel, to form
an image.

[0006] Over the first substrate, a video signal line which
extends along a vertical direction and which is arranged along
a horizontal direction and a scan signal line which extends
along the horizontal direction and which s arranged along the
vertical direction are provided, and a pixel is formed in a
region surrounded by the video signal line and the scan signal
line. The pixel primarily comprises a pixel electrode and a
thin film transistor (TFT) which is a switching element. A
display region is formed with a plurality of pixels formed in a
matrix form.

[0007] Driving methods of the liquid crystal display device
include a frame inversion driving method, a line inversion
driving method, a dot inversion driving method, a column
inversion driving method, etc. Of these methods, the dot
inversion driving method is superior in image quality, and,
thus, is used in a monitor or a television of middle or greater
sizes. Among liquid crystal display modes, a TN method is
most widely inuse. In the liquid crystal display element of TN
method, positive type liquid crystal molecules aligned paral-
lel to the substrate are twisted by 90 degrees between two
opposing substrates, and the alignment of the liquid crystal
molecules are switched between horizontal and vertical with
respect to the substrate by switching an electric field ON and
OFF, so that the optical rotation state of the light is changed
and brightness and darkness are displayed. Although the TN-
type devices are easily manufactured, there is a disadvantage
such as a narrow viewing angle.

[0008] Inthe TN method, onthe other hand, a phenomenon
of disturbance of the alignment of the liquid crystal or a
reverse tilt domain may occur at the periphery of the pixel
electrode. Such an alignment disturbance or reverse tilt
domain leads to light leakage from a backlight, resulting in a
reduction in contrast. As a countermeasure for these phenom-
ena, there are known JP 2004-246280 A and JP 10-104664 A.
In addition, JP 2004-348130 A discloses that, in VA-type
liquid crystal display devices in which the liquid crystal is
aligned in a vertical direction of the substrate, alignment of
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the liquid crystal at the periphery of the pixel may be dis-
turbed and texture and light leakage may occur because of an
electric field in the horizontal direction which is generated
between adjacent pixels sandwiching the video signal line.

SUMMARY OF THE INVENTION

[0009] In the TN-type device, when the device is viewed
from a particular direction, an index of refraction of the liquid
crystal molecule rapidly changes, and a phenomenon occurs
where the colorscale is inverted, that is, the color tone of the
image is inverted. Because of this, normally, a direction
which is less frequently used is set as the direction of color-
scale inversion. For example, in a monitor of a notebook PC
or the like, the upper direction (direction of twelve o’clock) is
set as the direction in which colorscale inversion tends to
occur and the lower direction (direction of six o’clock) is set
as a direction in which colorscale inversion does not tend to
occeur, or, an opposite configuration is employed in which the
lower direction (direction of six o’clock) is set as the direction
in which colorscale inversion tends to occur and the upper
direction (direction of twelve o’clock) is set as the direction in
which the colorscale inversion does not tend to occur.

[0010] Inmostusages of the liquid crystal display devices,
the direction in which the colorscale inversion tends to occur
is set at the twelve o’clock direction or the six o’clock direc-
tion, similar to a PC. In this case, the viewing angle is sym-
metric in the horizontal direction; that is, in the three o’clock
and nine o’clock directions. By attaching a viewing angle
expansion film on a polarizer plate, the viewing angle can be
expanded. However, in some usages, the direction in which
the colorscale inversion tends to occur is set at the three
o’clock direction or the nine o’clock direction. In this case,
the initial alignment state of the liquid crystal molecules is
set, for example, differing from the extension direction of the
video signal line by 90 degrees.

[0011] In the above-described driving method, with regard
to potentials of adjacent pixels, while the potentials of the
pixels adjacent along the extension direction of the scan line
always have the same polarity in the frame inversion driving
method and in the line inversion driving method, the poten-
tials of pixels adjacent along the extension direction of the
scan line always have opposite polarities in the dot inversion
driving method and in the column inversion driving method.
In other words, when one of the pixels has a positive polarity,
the other one of the adjacent pixels have a negative polarity.
Therefore, a horizontal electric field would always be applied
between the adjacent pixels. Because the horizontal electric
field disturbs the desired alignment of the liquid crystal mol-
ecules, that is, the horizontal electric field disturbs the align-
ment by the vertical electric field, a light leakage occurs
during black display.

[0012] This phenomenon is significant when the direction
in which colorscale inversion tends to occur is in the three
o’clock direction or in the nine o’clock direction. An object of
the present invention is to provide a structure in which light
leakage does not occur during black display, in particular,
when a liquid crystal display device having a direction in
which the colorscale inversion tends to occur at a three
o’clock direction or in a nine o’clock direction is driven
through the dot inversion driving method or the column inver-
sion driving method.
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[0013] The present invention achieves at least the object
described above, and provides:

[0014] (1)aTN-typeliquid crystal display device in which
liquid crystal is provided between a first substrate and a
second substrate, a rubbing process is applied to the first
substrate and the second substrate so that a colorscale inver-
sion does not tend to occur in a three o’clock direction orin a
nine o’clock direction, and adot inversion driving or a column
inversion driving is applied, wherein, over the first substrate,
a first pixel electrode and a second pixel electrode are placed
sandwiching a video signal line along the three o’clock direc-
tion or the nine o’clock direction with a spacing therebe-
tween, the video signal line overlaps the first pixel electrode
and the second pixel electrode, and an amount of overlap
between the video signal line and the first pixel electrode is
larger than an amount of overlap between the video signal line
and the second pixel electrode, a light-shielding film is
formed over the second substrate, the light-shielding film
overlaps the first pixel electrode and the second pixel elec-
trode, and an amount of overlap between the light-shielding
film and the first pixel electrode is larger than an amount of
overlap between the light-shielding film and the second pixel
electrode, and the light-shielding film extends to an outer
position of the video signal line on a side of the first pixel
electrode, and the video signal line extends to an outer posi-
tion of the light-shielding film on a side of the second pixel
electrode;

[0015] (2) theliquid crystal display device according to (1),
wherein a reverse tilt domain occurs on the side of the first
pixel electrode, and the reverse tilt domain is covered by the
video signal line and the light-shielding film;

[0016] (3) a TN-type liquid crystal display device in which
liquid crystal is provided between a first substrate and a
second substrate, a rubbing process is applied to the first
substrate and the second substrate so that a colorscale inver-
sion does not tend to occur in a three o’ clock direction orin a
nine o’clock direction, and adot inversion driving or a column
inversion driving is applied, wherein, over the first substrate,
video signal lines extend, as a whole, along a first direction
which is parallel to a twelve o’clock direction and are
arranged in a second direction which is parallel to the three
o’clock direction, scan lines extend along the second direc-
tion and are arranged in the first direction, and a pixel includ-
ing a pixel electrode is formed in a region surrounded by the
video signal line and the scan line, the video signal line and
the pixel electrode are bent within the pixel, an angle between
a side of the bent pixel electrode and the first direction is
greater than or equal to 10 degrees and less than or equal to 45
degrees in a clockwise direction on one side of the bent
portion and is greater than or equal to 15 degrees and less than
or equal to 45 degrees in a counterclockwise direction on the
other side of the bent portion when the liquid crystal is twisted
in the counterclockwise direction from the second substrate
toward the first substrate, and the angle is greater than or equal
to 15 degrees and less than or equal to 45 degrees in the
clockwise direction on the one side of the bent portion and is
greater than or equal to 10 degrees and less than or equal to 45
degrees in the counterclockwise direction on the other side of
the bent portion when the liquid crystal is twisted in the
clockwise direction from the second substrate toward the first
substrate, and the pixel electrode and the video signal line
overlap each other, and an amount of the overlap is larger in
the bent portion of the video signal line than in the other
portions;
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[0017] (4)theliquid crystal display device according to (3),
wherein the angle between the side ofthe bent pixel electrode
and the first direction is greater than or equal to 10 degrees and
less than or equal to 25 degrees in the clockwise direction on
the one side of the bent portion and is greater than or equal to
15 degrees and less than or equal to 25 degrees in the coun-
terclockwise direction on the other side of the bent portion
when the liquid crystal is twisted in the counterclockwise
direction from the second substrate toward the first substrate
and the angle is greater than or equal to 15 degrees and less
than or equal to 25 degrees in the clockwise direction on the
one side of the bent portion and is greater than or equal to 10
degrees and less than or equal to 25 degrees in the countet-
clockwise direction on the other side of the bent portion when
the liquid crystal is twisted in the clockwise direction from the
second substrate toward the first substrate;

[0018] (5)a TN-type liquid crystal display device in which
liquid crystal is provided between a first substrate and a
second substrate, a rubbing process is applied to the first
substrate and the second substrate so that a colorscale inver-
sion does not tend to occur in a three o’clock direction orin a
nine o’clock direction, and adot inversion driving or a column
inversion driving is applied, wherein, over the first substrate,
video signal lines extend, as a whole, along a first direction
which is parallel to a twelve o’clock direction and are
arranged in a second direction which is parallel to the three
o’clock direction, scan lines extend along the second direc-
tion and are arranged in the first direction, and a pixel includ-
ing a pixel electrode is formed in a region surrounded by the
video signal line and the scan line, and the pixel electrode and
the video signal line overlap each other, the video signal line
and the pixel electrode are tilted within the pixel in a same
direction with respect to the first direction, an angle formed
by sides of the video signal line and the pixel electrode with
the first direction is greater than or equal to 10 degrees and
less than or equal to 45 degrees in a clockwise direction or is
greater than or equal to 15 degrees and less than or equal to 45
degrees in a counterclockwise direction when the liquid crys-
tal is twisted in the counterclockwise direction from the sec-
ond substrate toward the first substrate and the angle is greater
thanorequalto 15 degrees and less than or equal to 45 degrees
in the clockwise direction or is greater than or equal to 10
degrees and less than or equal to 45 degrees in the counter-
clockwise direction when the liquid crystal is twisted in the
clockwise direction from the second substrate toward the first
substrate;

[0019] (6)theliquid crystal display device according to (5),
wherein the angle formed by the sides of the video signal line
and the pixel electrode with the first direction is greater than
or equal to 10 degrees and less than or equal to 25 degrees in
the clockwise direction when the liquid crystal is twisted in
the counterclockwise direction from the second substrate
toward the first substrate and the angle is greater than or equal
to 10 degrees and less than or equal to 25 degrees in the
counterclockwise direction when the liquid crystal is twisted
in the clockwise direction from the second substrate toward
the first substrate;

[0020] (7)theliquid crystal display device according to (5),
wherein the angle formed by the sides of the video signal line
and the pixel electrode with the first direction is greater than
or equal to 15 degrees and less than or equal to 25 degrees in
the counterclockwise direction when the liquid crystal is
twisted in the counterclockwise direction from the second
substrate toward the first substrate and the angle is greater
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than orequalto 15 degrees and less than or equal to 25 degrees
in the clockwise direction when the liquid crystal is twisted in
the clockwise direction from the second substrate toward the
first substrate; and

[0021] (8)theliquid crystal display device according to any
one of (1)-(7), wherein an anisotropy of dielectric constant of
the liquid crystal is less than or equal to 6 and greater than
Zero.

[0022] According to a first aspect of the present invention,
in a structure in which light leakage by alignment disturbance
is prevented by the video signal line and the light-shielding
film, a side in which a reverse tilt domain occurs is effectively
light-shielded and the positional relationship between the
video signal line and the light-shielding film is set consider-
ing the formation precision of the pattern and the positioning
precision of the substrate, and. thus, a TN-type liquid crystal
display device driven by the dot inversion driving method or
the column inversion driving method which is bright and
which has a superior contrast can be obtained.

[0023] According to another aspect of the present inven-
tion, because the pixel electrode and the video signal line are
bent within a pixel, alignment disturbance such as the reverse
tilt domain can be reduced, and the amount of overlap
between the video signal line and the pixel electrode can be
reduced. With such a structure, a TN-type liquid crystal dis-
play device driven by the dot inversion driving method or the
column inversion driving method which is bright and which
has a superior contrast can be obtained.

[0024] According to yet another aspect of the present
invention, by tilting the pixel electrode and the video signal
line in the same direction within a pixel and specifying the
tilting angle, it is possible to reduce alignment disturbance
such as the reverse tilt domain, and the amount of overlap
between the video signal line and the pixel electrode for
preventing the light leakage can be reduced. With such a
structure, a TN-type liquid crystal display device driven by
the dot inversion driving method or the column inversion
driving method which is bright and which has a superior
contrast can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIGS.1A and 1B are schematic diagrams showing a
first preferred embodiment according to the present inven-
tion.

[0026] FIGS. 2A and 2B are schematic diagrams showing
another configuration of a first preferred embodiment accord-
ing to the present invention.

[0027] FIG. 3 is a schematic diagram showing yet another
configuration of a first preferred embodiment according to the
present invention.

[0028] FIG. 4 is an explanatory diagram of a second pre-
ferred embodiment according to the present invention.
[0029] FIGS.5A and 5B are other explanatory diagrams of
a second preferred embodiment according to the present
invention.

[0030] FIG. 6 is a graph showing an advantage of a second
preferred embodiment according to the present invention.
[0031] FIG. 7 is another graph showing an advantage of a
second preferred embodiment according to the present inven-
tion.

[0032] FIGS. 8A and 8B are graphs summarizing advan-
tages of a second preferred embodiment according to the
present invention.
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[0033] FIGS.9A,9B,9C,9D, and 9E are plan views show-
ing a third preferred embodiment according to the present
invention.

[0034] FIGS.10A and 10B are plan views showing another
configuration of a third preferred embodiment according to
the present invention.

[0035] FIG. 11 is a cross sectional diagram in the vertical
direction of a liquid crystal display device.

[0036] FIGS. 12A and 12B are diagrams showing a liquid
crystal display device having a normal pixel structure.
[0037] FIGS. 13A and 13B are diagrams showing a liquid
crystal display device having a high-aperture-ratio pixel
structure.

[0038] FIGS. 14A and 14B are cross sectional diagrams for
explaining a third preferred embodiment according to the
present invention.

[0039] FIG. 15 is a graph showing an advantage of a third
preferred embodiment according to the present invention.
[0040] FIG. 16 is a graph summarizing advantages of a
third preferred embodiment according to the present inven-
tion.

[0041] FIG. 17 is a graph showing an advantage of a fourth
preferred embodiment according to the present invention.
[0042] FIG. 18 is a graph summarizing advantages of a
fourth preferred embodiment according to the present inven-
tion.

[0043] FIG. 19 is an operation diagram of a frame inversion
driving method.
[0044] FIG. 20 is an operation diagram of a line inversion
driving method.
[0045] FIG. 21 is an operation diagram of a dot inversion
driving method.
[0046] FIG. 22 is an operation diagram of a column inver-

sion driving method.

[0047] FIG. 23 shows a liquid crystal alignment axis which
achieves a twelve o’clock viewing angle.

[0048] FIG. 24 shows alignment disturbance in the case of
dot inversion driving with a twelve o’clock viewing angle.
[0049] FIG. 25 shows a liquid crystal alignment axis which
achieves a three o’clock viewing angle.

[0050] FIG. 26 shows alignment disturbance in the case of
dot inversion driving with a three o’clock viewing angle.
[0051] FIG. 27 shows another structure which achieves a
three o’clock viewing angle.

[0052] FIG. 28 shows a liquid crystal alignment axis which
achieves a nine o’clock viewing angle.

[0053] FIG. 29 shows another structure which achieves a
nine o’clock viewing angle.

[0054] FIGS. 30A and 30B are schematic diagrams of
frame inversion driving with a twelve o’clock viewing angle.
[0055] FIGS. 31A and 31B are schematic diagrams of dot
inversion driving with a twelve o’clock viewing angle.
[0056] FIGS. 32A and 32B are schematic diagrams of
frame inversion driving with a three o’clock viewing angle.
[0057] FIGS. 33A and 33B are schematic diagrams of dot
inversion driving with a three o’clock viewing angle.

[0058] FIG. 34 shows a comparison between a three
o’clock viewing angle and a twelve o’clock viewing angle in
a dot inversion driving method.

DETAILED DESCRIPTION OF THE INVENTION

[0059] A problem when a dot inversion driving method ora
column inversion driving method is employed in a configu-
ration having a direction in which the colorscale inversion
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tends to occur being a three o’clock direction or a nine o’clock
direction will first be described. FIG. 19 is a schematic dia-
gram of a driving method with frame inversion driving. In
FIG. 19, (a) represents a first frame and (b) represents a
second frame. In (a), a display region 4 comprises a plurality
of pixels 3 which are arranged in a matrix form. Each pixel 3
is defined by a video signal line DL extending along a vertical
direction and a scan line GL extending along a horizontal
direction.

[0060] A video signal line driving circuit 1 is formed above
the display region 4 and a scan line driving circuit 2 is formed
atthe left of the display region 4. In the first frame represented
in (a), a positive signal potential with respect to the common
electrode formed over a second substrate SUB2 is applied in
each pixel 3. In the second frame represented in (b), a negative
signal potential with respect to the common electrode is
applied in each pixel 3. In such a driving method, because
signals of a same polarity are applied to pixels 3 which are
adjacent to each other over the video signal line DL, the
alignment disturbance does not occur.

[0061] FIG. 20 is a schematic diagram of a line inversion
driving method. In FIG. 20, (a) represents a first frame and (b)
represents a second frame. The arrangement of the pixels 3,
the placement of the video signal line driving circuit 1, and the
placement of the scan line driving circuit 2 are similar to those
in FIG. 19. In the first frame represented by (a), a positive or
negative signal with respect to the common electrode formed
over the second substrate SUB2 is applied, alternately for
different scan lines GL, in the pixels 3. In the second frame
represented by (b) also, a positive or negative signal is
applied, alternately for different scan line GL, but the posi-
tions of the positive and negative are alternated from (a). This
1s why this driving method is called line inversion. In the case
of line inversion also, because signals of the same polarity are
applied to pixels 3 adjacent to each other over the video signal
line DL, the alignment disturbance does not occur.

[0062] FIG. 21 is a schematic diagram showing a dot inver-
sion driving method. In FIG. 21, (a) represents a first frame
and (b) represents a second frame. The arrangement of the
pixels 3, the placement of the video signal line driving circuit
1, and the placement of the scan line driving circuit 2 are
similar to those of FIG. 19. In the first frame represented by
(a), a signal potential with respect to the common electrode
formed over the second substrate SUB2 is inverted for each
pixel 3. In the second frame represented by (b) also, the signal
potential is inverted for each pixel 3, but the positions of the
positive and negative are alternated from the first frame. In
both the first frame and the second frame, when the same scan
line GL is considered, signals of potentials of opposite polari-
ties are applied to pixels 3 adjacent to each other over the
video signal line DL. Therefore, an electric field in the hori-
zontal direction is generated between pixels 3 adjacent to
each other over the video signal line DL, and the alignment
disturbance occurs. The alignment disturbance consequently
causes light leakage.

[0063] FIG. 22 is a schematic view of a column inversion
driving method. In FIG. 22, (a) represents a first frame and (b)
represents a second frame. The arrangement of the pixels 3,
the placement of the video signal line driving circuit 1, and the
placement of the scan line driving circuit 2 are similar to FIG.
19. In the first frame represented by (a), the signal potential
with respect to the common electrode formed over the second
substrate SUB2 is inverted alternately for each column. In the
second frame represented in (b) also. the signal potential is
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inverted for each column, but the positions of positive and
negative are alternated from the first frame. In both the first
frame and the second frame, similar to the dot inversion, when
the same scan line GL is considered, signals of potentials of
opposite polarities are applied to the pixels 3 adjacent to each
other over the video signal line DL. Therefore, an electric
field in the horizontal direction is generated between pixels 3
adjacent to each other over the video signal line DL, and
alignment disturbance occurs. The alignment disturbance
consequently causes light leakage. In the following descrip-
tion, the problem and countermeasure in the case of dot
inversion will be described, but similar problem and countet-
measure apply to the case of the column inversion.

[0064] Definitions of the terms used in the following
description are as follows.

[0065] “Twelve o’clock viewing angle” means a configu-
ration in which the colorscale inversion does not tend to occur
in the twelve o’clock direction and the colorscale inversion
tends to occur in the six o’clock direction, “six o’clock view-
ing angle” means a configuration in which the colorscale
inversion does not tend to occur in the six o’clock direction
and the colorscale inversion tends to occur in the twelve
o’clock direction, “three o’clock viewing angle” means a
configuration in which the colorscale inversion does not tend
to occur in a three o’clock direction and the colorscale inver-
sion tends to occur in a nine o’clock direction, and “nine
o’clock viewing angle” means a configuration in which the
colorscale inversion does not tend to occur in the nine o’clock
direction and the colorscale inversion tends to occur in the
three o’clock direction. Here, the “three o’clock direction”
refers to a direction between two o’clock and four o’clock and
does not include two o’clock and four o’clock. The “nine
o’clock direction” refers to a direction between eight o’clock
and ten o’clock and does not include eight o’clock and ten
o’clock. The other directions are similarly defined.

[0066] FIG. 23 is adiagram showing a relationship of align-
ment direction of the liquid crystal of a first substrate SUB1
and the second substrate SUB2 in the case of the twelve
o’clock viewing angle. Specifically, in FIG. 23, the colorscale
inversion does not tend to occur in the twelve o’clock direc-
tion and the colorscale inversion tends to occur in the six
o’clock direction. The alignment directions of the liquid crys-
tal on the substrates, that is, the alignment vectors are deter-
mined by the rubbing directions of the substrates. In F1G. 23,
an arrow of a solid line represents an alignment vector
VSUB2 of the second substrate SUB2 (in a direction opposite
to the rubbing direction) and an arrow of a dotted line repre-
sents an alignment vector VSUBI of the first substrate SUB1
(in a same direction as the rubbing direction). The alignment
vector VSUB2 of the second substrate SUB2 is at 225 degrees
from the x-axis and the alignment vector VSUBI of the first
substrate SUBI1 is at 135 degrees from the x-axis. A twist
angle 6tw of the liquid crystal molecules is 90 degrees in the
counterclockwise direction from the second substrate SUB2
toward the first substrate SUB1. An absorption axis of the
polarizer plate is matched with a direction of major axis of the
liquid crystal molecules.

[0067] FIG. 24 is a diagram showing an alignment of the
liquid crystal in a dot inversion driving method with the
twelve o’clock viewing angle. In FIG. 24, a gate insulating
film GI, a video signal line DL, a first passivation film (first
insulating film) PAS1, and a second passivation film (second
insulating film) PAS2 are formed over the first substrate
SUBI1 and a pixel electrode PX is formed over the second
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passivation film PAS2. A positive potential with respect to the
potential on an opposing electrode CT formed over the sec-
ond substrate SUB2 is applied to the pixel electrode PX on the
right and a negative potential with respect to the potential on
the opposing electrode CT is applied to the pixel electrode PX
on the left. In the plan view, a periphery of the pixel electrode
PX overlaps with the video signal line DL. A lower alignment
film AL1 is formed over the pixel electrode PX.

[0068] The opposing electrode CT and an upper alignment
film AL2 are formed on the side of the second substrate
SUB2. In FIG. 24, a black matrix (light-shielding film) BM,
acolor filter CF, etc. on the side of the second substrate SUB2
are not shown. A liquid crystal layer LC is provided between
the first substrate SUB1 and the second substrate SUB2. FIG.
24 shows an ON state and the liquid crystal molecules are
aligned in the vertical direction over the pixel electrode PX.
At the periphery of the pixel electrode PX, however, because
voltages having different polarities with respect to the poten-
tial on the opposing electrode CT are applied to pixel elec-
trodes PX adjacent to each other over the video signal line
DL, a horizontal electric field is generated. An equipotential
line EP as shown in FIG. 24 is present between the pixel
electrodes PX.

[0069] Due to the horizontal electric field at the periphery
of the pixel electrode, the alignment of the liquid crystal
molecules is disturbed. More specifically, because the liquid
crystal molecules are aligned in the horizontal direction along
the horizontal electric field in a region between the pixel
electrodes PX, light cannot be blocked, and a brightness
distribution, that is, a light leakage LK occurs. In this case,
however, because the light from the backlight is blocked by
the video signal line DL, the light leakage does not actually
oceur.

[0070] However, a problem occurs in the case of the three
o’clock viewing angle as shown in FIG. 25. In FIG. 25, the
colorscale inversion does not tend to occur in the three
o’clock direction and the colorscale inversion tends to occur
in the nine o’clock direction. FIG. 25 is a diagram showing a
relationship of the alignment directions of the liquid crystal
on the first substrate SUB1 and the second substrate SUB2 in
the case of the three o’clock viewing angle. The alignment
directions of the liquid crystal on the substrates, that is, the
alignment vectors are determined by the rubbing directions of
the substrates. In FIG. 25, an arrow of a solid line represents
an alignment vector VSUB2 (in a direction opposite to the
rubbing direction) of the second substrate SUB2 and an arrow
of adotted line represents an alignment vector VSUB1 (in the
same direction as the rubbing direction) of the first substrate
SUBL1. The alignment vector VSUB2 of the second substrate
SUB2 is at 135 degrees from the x-axis and the alignment
vector VSUB1 of the first substrate SUB1 is at 45 degrees
from the x-axis. The liquid crystal molecules are twisted by
90 degrees in the counterclockwise direction from the second
substrate SUB2 toward the first substrate SUB1. An absorp-
tion axis of the polarizer plate is matched with the direction of
the major axis of the liquid crystal molecules.

[0071] FIG. 26 is a diagram showing alignment of the lig-
uid crystal in dot inversion driving with the three o’clock
viewing angle. The structure of the liquid crystal display
device is similar to the structure described with reference to
FIG. 23. FIG. 26 shows an ON state, and the liquid crystal
molecules are aligned in the vertical direction over the pixel
electrode PX. In FIG. 26, a negative potential with respect to
the potential on the opposing electrode CT is applied to the
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pixel on the left and a positive potential with respect to the
potential on the opposing electrode CT is applied to the pixel
on the right. Therefore, a horizontal electric field is generated
at the periphery of the pixel and the alighment of the liquid
crystal is disturbed.

[0072] In the case of the twelve o’clock viewing angle of
the above-described example configuration of FIG. 24,
because the liquid crystal molecules near the center along the
thickness direction of the liquid crystal layer LC are aligned
in the twelve o’clock direction in the initial state in which no
voltage is applied to the liquid crystal layer LC, the liquid
crystal molecules are not easily affected by the horizontal
electric field due to the elasticity of the liquid crystal mol-
ecules. In the case of the three o’clock viewing angle shown
in FIG. 26, however, the liquid crystal molecules near the
center along the thickness direction of the liquid crystal layer
LC is aligned in the three o’clock direction even in the initial
alignment state in which no voltage is applied to the liquid
crystal layer LC. Therefore, when a pixel voltage is applied,
the liquid crystal molecules are easily affected by the hori-
zontal electric field generated between the pixel electrodes
PX.

[0073] As described. the brightness distribution between
pixel electrodes PX, that is, the light leakage 1K is larger in
the case of the three o’ clock viewing angle than in the case of
the twelve o’clock viewing angle. In particular, a portion in
which the liquid crystal molecules are tilted upward in the
opposite direction (reverse tilt domain) occurs at the periph-
ery of the pixel electrode PX on the left, and the brightness
becomes large in this portion, resulting in a disclination line.
Because the disclination line occurs at an outer position than
the video signal line DL, the disclination line cannot be cov-
ered with the video signal line DL, and, thus, the disclination
line becomes a light leakage and degrades the contrast.
[0074] A structure of an alignment vector which results in
the three o’clock viewing angle has been described with
reference to FIG. 25. The structure of alignment vector which
results in the three 0’clock viewing angle is not limited to the
structure of FIG. 25, and may alternatively be, for example, a
structure as shown in FIG. 27. InF1G. 27, an arrow of a solid
line represents an alignment vector VSUB2 (in a direction
opposite to the rubbing direction) of the second substrate
SUB2 and an arrow of a dotted line represents an alignment
vector VSUBI (in the same direction as the rubbing direction)
of the first substrate SUB1. The alignment vector VSUB2 of
the second substrate SUB2 is at 135 degrees from the x-axis
and the alignment vector VSUB1 of the first substrate SUB1
is at =45 degrees from the x-axis. The liquid crystal molecules
are twisted in the clockwise direction by 90 degrees from the
second substrate SUB2 toward the first substrate SUB1. The
absorption axis of the polarizer plate is matched with the
direction of the major axis of the liquid crystal molecules. In
the structure of the three o’clock viewing angle of FIG. 27
also, a problem similar to that described with reference to
FIG. 26 occurs.

[0075] A problem in the case of the three o’clock viewing
angle has been described. In the case of the nine o’clock
viewing angle, a problem similar to the case of the three
o’clock viewing angle occurs. FIG. 28 is a diagram showing
an example of an alignment vector which achieves the nine
o’clock viewing angle. In FIG. 28, an arrow of a solid line
represents an alignment vector VSUB2 (in a direction oppo-
site to the rubbing direction) of the second substrate SUB2
and an arrow of a dotted line represents an alignment vector
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VSUBI (in the same direction as the rubbing direction) of the
first substrate SUB1. The alignment vector VSUB2 of the
second substrate SUB2 is at —45 degrees from the x-axis and
the alignment vector VSUBI of the first substrate SUB1 is at
-135 degrees from the x-axis. The liquid crystal molecules
are twisted by 90 degrees in the counterclockwise direction
from the second substrate SUB2 toward the first substrate
SUBL.

[0076] FIG. 29 shows another example structure of the
alignment vector for achieving the nine o’clock viewing
angle. In FIG. 29, an arrow of a solid line represents an
alignment vector YSUB2 (in a direction opposite to the rub-
bing direction) of the second substrate SUB2 and an arrow of
a dotted line represents an alignment vector VSUBI (in the
same direction as the rubbing direction) of the first substrate
SUBL1. The alignment vector VSUB2 of the second substrate
SUB2 is at 45 degrees from the x-axis and the alignment
vector VSUBI of the first substrate SUB1 is at 135 degrees
from the x-axis. The liquid crystal molecules are twisted by
90 degrees in the clockwise direction from the second sub-
strate SUB2 toward the first substrate SUB1. With the align-
ment vectors of the case of the nine o’clock viewing angle as
shown in FIGS. 28 and 29 also, similar to the case of the three
o’clock viewing angle, light leakage occurs due to the discli-
nation line. In the case of the nine o’clock viewing angle, a
portion in which the liquid crystal molecules are tilted upward
in the opposite direction occurs at a periphery of the pixel
electrode PX on the right. The position where the disclination
line occurs is on the opposite side compared the case of the
three o’clock viewing angle. Other properties are basically
identical to the case of the three o’clock viewing angle.
[0077] A relationship between the driving method and the
viewing angle will now be described below. FIGS. 30A and
30B are schematic operational diagrams in the case of frame
inversion driving with the twelve o’clock viewing angle. In
FIGS. 30A and 30B, the reference numerals of the constitut-
ing elements are similar to those in FIG. 24. The black matrix
BM, the color filter CF, etc. over the second substrate SUB2
are not shown. The first passivation film PAS1 and the second
passivation film PAS2 are collectively shown as a passivation
film PAS. These similarly apply to figures up to FIGS. 33A
and 33B. FIG. 30A shows an OFF state, and the liquid crystal
molecules are aligned approximately in a horizontal direc-
tion. FIG. 30B shows an ON state. Because the driving
method is frame inversion driving, no electric field is gener-
ated between pixels adjacent to each other over the video
signal line DL. Therefore, the alignment disturbance at the
periphery of the pixel does not occur.

[0078] FIGS. 31A and 31B are schematic operational dia-
grams of dot inversion driving with the twelve o’clock view-
ing angle. FIG. 31 A shows an OFF state, and theliquid crystal
molecules are aligned approximately in the horizontal direc-
tion. FIG. 31B shows an ON state. Because the driving
method is dot inversion driving, voltages having polarities
which differ from each other are applied to pixels on both
sides of the video signal line DL. In FIG. 31B, a negative
potential with respect to the potential on the opposing elec-
trode CT is applied to the pixel at the left and a positive
potential with respect to the potential on the opposing elec-
trode CT is applied to the pixel at the right.

[0079] In this state, near the center in the thickness direc-
tion ofthe liquid crystal layer LC, the liquid crystal molecules
are aligred in the vertical direction over the pixel electrode
PX. At the periphery of the pixel electrode PX, on the other
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hand, the liquid crystal molecules are aligned not in the ver-
tical direction, but in the horizontal direction, and, thus, the
alignment is disturbed. The disturbance of the alignment in
this case, however, is small. This is because the liquid crystal
molecules are, on average, aligned in the twelve o’clock
direction in the OFF state, and, thus, the liquid crystal mol-
ecules tend not be aligned, due to the elasticity of the liquid
crystal layer LC, with the direction of the electric field. There-
fore, the light leakage of the backlight by the disturbance in
the alignment in this case can be prevented by light shielding
by the video signal line DL.

[0080] FIGS. 32A and 32B are schematic operational dia-
grams of frame inversion driving with the three o’clock view-
ing angle. FIG. 32A shows an OFF state and the liquid crystal
molecules are aligned approximately in the horizontal direc-
tion. FIG. 32B shows an ON state. Because the driving
method is frame inversion driving, no electric field is gener-
ated between pixels adjacent to each other over the video
signal line DL. Therefore, alignment disturbance at the
periphery of the pixel does not occur.

[0081] FIGS. 33A and 33B are schematic operational dia-
grams of dot inversion driving with the three o’clock viewing
angle. FIG. 33A shows an OFF state, and the liquid crystal
molecules are aligned approximately in the horizontal direc-
tion. FIG. 33B shows an ON state. Because the driving
method is the dot inversion driving, voltages of polarities
which differ from each other are applied to pixels on both
sides of the video signal line DL. In FIG. 33B, a negative
potential with respect to the potential on the opposing elec-
trode CT is applied to the pixel at the left and a positive
potential with respect to the potential on the opposing elec-
trode CT is applied to the pixel at the right.

[0082] In this state, near the center along the thickness
direction of the liquid crystal layer LC, the liquid crystal
molecules are aligned in the vertical direction over the pixel
electrode PX. At the periphery of the pixel electrode PX, on
the other hand, the liquid crystal molecules are aligned not in
the vertical direction, but in the horizontal direction, and,
thus, the alignment is disturbed. The disturbance in the align-
ment in this case is large compared to the case of F1G. 31. That
is, the liquid crystal molecules are aligned, on average, in the
three o’clock direction in the initial state. This alignment is in
the same direction as the horizontal electric field generated
between the pixels at the ON state, and, unlike the case of the
twelve o’clock viewing angle, there is no resistance by the
elasticity of the liquid crystal layer LC. Therefore, as shown
in FIG. 33B, the disturbance of the alignment between pixels
affects a large area of the liquid crystallayer LC. In particular,
at the periphery of the pixel at the left, a reverse tilt domain in
which the alignment of the liquid crystal is reversed occurs.
Because the alignment disturbance of the liquid crystal layer
LC occurs in a wide area, the light leakage cannot be pre-
vented with a normal light shielding with the video signal line
DL.

[0083] FIG. 34 is a graph summarizing the above descrip-
tion. In (a) of FIG. 34, the horizontal axis x represents a
position and the vertical axis t represents transmittance of the
liquidcrystal layer LC. In (b) of FIG. 34, positions of the pixel
electrode PX and the video signal line DL corresponding to
(a) are shown. In (b), an end of the pixel electrode PX and an
end of the video signal line DL overlap each other by 3 pm.
The spacing between a pixel electrode PX and another pixel
electrode PX is 5.5 um. Because FIG. 34 shows the ON state,
anegative potential with respect to the potential on the oppos-
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ing electrode CT is applied to the pixel electrode PX at theleft
and a positive potential with respect to the potential on the
opposing electrode CT is applied to the pixel electrode PX at
the right. Therefore, a horizontal electric field is generated
between the pixel electrode PX at the right and the pixel
electrode PX at the left, and the alignment of the liquid crystal
molecules is disturbed. Because of this, the liquid crystal
layer LC does not completely block the light and would have
a certain transmittance.

[0084] In(a), 12 PMindicates thecase ofthe twelve o’clock
viewing angle and 3 PM indicates the case of the three o’clock
viewing angle. Because the alignment disturbance is larger
for the case of the three o’ clock viewing angle than in the case
of the twelve o’clock viewing angle, the transmittance at the
overlapping portion of the pixel electrode and the video signal
line DL is largerin the case of the three o’clock viewing angle.
In the case of the twelve o’clock viewing angle, because the
transmitting portion due to the disturbance in the alignment is
blocked by the video signal line DL, no light leakage occurs.
In the case of the three o’clock viewing angle, on the other
hand, two crests occur, one having a wide width and the other
being a sharp crest. Because the crest with a wide width is
blocked by the video signal line DL, there is no light leakage.
For the crest formed on the left and having a narrow width, on
the other hand, the light cannot be completely blocked by the
video signal line DL, and light leakage of the backlight is
caused, resulting in a reduction in the contrast. The crest with
narrow width is caused by the disclination line due to the
reverse tilt. The present invention attempts to prevent the light
leakage in the case of the three o’clock viewing angle. As
already described above, the case of the nine o’clock viewing
angle is similar to the case of the three o’clock viewing angle
except that the crest with the narrow width is formed at the
right of the video signal line DL in the case of the nine o’clock
viewing angle. Therefore, the below-described preferred
embodiments are also applicable to the nine o’clock viewing
angle.

First Preferred Embodiment

[0085] FIGS. 1A and 1B are schematic diagrams showing a
principle of a first preferred embodiment of the present inven-
tion. FIG. 1 shows a liquid crystal display device with the
three o’clock viewing angle. F1IG. 1A is a plan view of the first
substrate SUB1 and FIG. 1B is a cross sectional diagram ofa
state in which the firs substrate SUB1 and the second sub-
strate SUB2 are combined. In the case of the three o’clock
viewing angle, the disclination line due to the reverse tilt
occurs at the left of the video signal line DL. Therefore, by
increasing an amount of overlap between the pixel electrode
PX and the video signal line DL at the left of the video signal
line DL, it is possible to block only the portion corresponding
to the disclination line and improve the contrast without caus-
ing a significant reduction in the aperture ratio. More specifi-
cally, the width of the video signal line DL is increased at the
left of the video signal line DL.

[0086] In FIG. 1A, storage capacitor lines CL and scan
lines GL extend along the horizontal direction and are
arranged in the vertical direction. Between the storage capaci-
tor line CL and the scan line GL, a thin film transistor (TFT)
including a semiconductor layer SC and a contract hole CH
for connecting the TFT and the pixel electrode PX, or the like
are formed. Video signal lines DL extend along the vertical
direction and are arranged in the horizontal direction. The
pixel electrode PX is formed between a video signal line DL
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and another video signal line DL. An end of the pixel elec-
trode PX overlaps, in the plan view, with the video signal line
DL, in order to maximize the aperture ratio. An amount of
overlap between the end of the pixel electrode PX and the
video signal line DL is larger at the left of the video signal line
DL than at the right of the video signal line DL, in order to
light-shield the disclination line by the reverse tilt.

[0087] In FIG. 1B, a lower viewing angle expansion film
WV1 and alower polarizer plate POLL are adhered to alower
side of the first substrate SUB1. At an inner side of the first
substrate SUB1, a gate insulating film GI, the video signal
line DL, the first passivation film PAS1, and the second pas-
sivation film PAS2 are formed, and the pixel electrode PX is
formed over these structures. The lower alignment film AL1
is formed covering the pixel electrode PX. Over the second
substrate SUB2, on the other hand, an upper viewing angle
expansion film WV?2 and an upper polarizer plate POL2 are
adhered. At an inner side of the second substrate SUB2, a
black matrix BM and a color filter CF are formed. An overcoat
film OC is formed covering the color filter CF, and the oppos-
ing electrode CT and the upper alignment film AL2 are
formed over the overcoat film OC. The liquid crystal layer L.C
is provided between the first substrate SUB1 and the second
substrate SUB2.

[0088] In FIG. 1B, a center of a gap G between the pixel
electrodes PX and a center of the black matrix BM match each
other, but the center of the video signal line DL is shifted to
the left from the center of the gap G between the pixel elec-
trodes PX. By employing this configuration, it is possible to
light-shield the disclination line due to the reverse tilt occur-
ring at the left of the video signal line DL.

[0089] FIGS. 2A and 2B show an alternative configuration
of the present embodiment. In the structure of FIG. 1, the
disclination line due to the reverse tilt is light-shielded by
only the video signal line DL. In the present configuration, the
disclination line due to the reverse tilt is doubly light-shielded
by both the video signal line DL and the black matrix BM.
FIG. 2A is a plan view of the first substrate SUB1 and is
similar to FIG. 1A.

[0090] FIG. 2B is a cross sectional diagram of a liquid
crystal display device of the present configuration. FIG. 2B is
similar to FIG. 1B except for the position of the black matrix
BM. In FIG. 2B, the center of the black matrix BM is shifted
to the left from the center of the gap G between the pixel
electrodes PX. With this structure, the disclination line due to
the reverse tilt can be light-shielded. In other words, with the
present configuration, because the disclination line due to the
reverse tilt can be light-shielded both by the video signal line
DL and the black matrix BM, the contract can further be
improved.

[0091] The disclination line can be light-shielded with the
structure of FIGS. 2A and 2B. However, in general, because
of the positioning mismatch between the first substrate SUB1
and the second substrate SUB2, the position between the
black matrix BM and the pixel electrode PX or between the
black matrix BM and the video signal line DL may be devi-
ated. In such a case, with the structure of FIGS. 2A and 2B, the
aperture ratio of the pixel electrode PX is reduced. Because
the brightness is reduced when the aperture ratio is reduced, it
is desired to minimize the reduction in the aperture ratio. In
addition, the reduction in the aperture ratio may occur not
only due to the positioning mismatch between the first sub-
strate SUB1 and the second substrate SUB2, but also when
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there is a variation in the sizes themselves of the black matrix
BM and the pixel electrode PX.

[0092] FIG. 3 shows a countermeasure structure for these
problems. FIG. 3 is a schematic cross sectional diagram
showing primary portions of a third preferred configuration of
the present embodiment. In FIG. 3, structures other than the
portions necessary for the description are omitted. In FIG. 3,
the gate insulating film GI is formed over the first substrate
SUBL1 and the video signal line DL is formed over the gate
insulating film GI. The passivation film PAS is formed over
the video signal line DL, and the pixel electrode PX is formed
over the passivation film PAS. Over the second substrate
SUB2, on the other hand, the black matrix BM is formed in
portions corresponding to the video signal line DL of the first
substrate SUBI1.

[0093] InFIG.3,d1 represents a change when a positioning
mismatch of the pixel electrode PX or a variation in the size
occurs. Although FIG. 3 only shows a case in which the gap G
between pixel electrodes PX is increased by 67 1, in reality,
there may be an opposite case. In addition, d2 represents a
positioning mismatch of the black matrix BM ora variation in
the size. Moreover, D represents a distance from the end of the
pixel electrode PX to the disclination line DS when the gap G
between the pixel electrodes PX becomes the largest (when
one side of the pixel electrode PX is reduced by d1).

[0094] InFIG. 3, the pixel electrode PX at the left is defined
as a first pixel electrode PX and the pixel electrode PX at the
right is defined as a second pixel electrode PX. On the side of
the first pixel electrode PX, the black matrix BM extends to an
outer position than the video signal line DL, and, on the side
of the second pixel electrode PX, the video signal line DL
extends to an outer position than the black matrix BM.

[0095] InFIG. 3, the width of the black matrix BM is Lbm.
The black matrix BM extends further to the left by 62 com-
pared to the video signal line DL. In this case, the disclination
line is sufficiently covered by the black matrix BM. On the
other hand, at the right side of the black matrix BM, the video
signal line DL extends to an outer position than the black
matrix BM. The transmission of light of the liquid crystal
layer LC by the alignment disturbance at the right side is
blocked by the video signal line DL.

[0096] Inthis case, even if the black matrix BM is moved to
the left with respect to the video signal line DL, the disclina-
tion line would not be viewed. In addition, because the video
signal line DL blocks the light on the side of the second pixel
electrode PX, light leakage does not occur. On the other hand,
even when the black matrix BM is deviated by 92 to the right
with respect to the video signal line DL, the disclination line
can be barely covered on the side of the first pixel electrode
PX. In other words, as shown by an arrow in FIG. 3, the light
from the backlight is blocked by an end of the black matrix
BM. On the side of the second pixel electrode PX, on the other
hand, the left end of the black matrix BM matches the left end
of the video signal line DL. Therefore, the reduction in the
transmittance of light due to the deviation of the black matrix
BM can be avoided on the side of the second pixel electrode
PX.

[0097] Inthis manner, by extending the black matrix BM to
an outer position than the video signal line DL on the side of
the first pixel electrode PX and extending the video signal line
DL to an outer position than the black matrix BM on the side
of the second pixel electrode PX as in the present configura-
tion, it is possible to prevent light leakage by the alignment
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disturbance, in particular, the reverse tilt domain, and to mini-
mize the reduction in the aperture ratio.

Second Preferred Embodiment

[0098] In a second preferred embodiment of the present
invention, the alignment disturbance is reduced by control-
ling the direction of the initial alignment vector of the first
substrate SUB1 or of the second substrate SUB2 and the
direction of the electric field between the pixels. FIGS. 4, 5A,
and 5B are diagrams for explaining this structure. FIG. 4
shows a state in which the video signal line DL and an end of
the pixel electrode PX overlap each other in the plan view. In
FIG. 4, because the structure is in the ON state with dot
inversion driving, a negative potential with respect to a poten-
tial on the opposing electrode CT (not shown)is applied to the
pixel electrode PX at the left and a positive potential with
respect to the potential on the opposing electrode CT is
applied to the pixel electrode PX at the right. Therefore, an
electric field EF is generated between the opposing pixel
electrodes PX. In addition, because the initial alignment
direction of the liquid molecules is in a direction parallel to
the electric field, the configuration is most easily affected by
the alignment disturbance. Here, the initial alignment direc-
tion of the liquid crystal molecules refers to an initial align-
ment direction at a center portion along the thickness direc-
tion of the liquid crystal layer LC. This definition also applies
in the following description.

[0099] FIG. 5 shows a state in which the initial alignment
direction of the liquid crystal molecules is set different from
the direction of the electric field formed by the first pixel
electrode PX and the second pixel electrode PX. FIG. 5A
shows a case in which the initial alignment direction of the
liquid crystal molecules is tilted by a certain angle in the
clockwise direction from the direction of the electric field
formed by the first pixel electrode PX and the second pixel
electrode PX. In this case, because the liquid crystal mol-
ecules must be rotated against the elasticity of the liquid
crystal layer LC in order to direct the liquid crystal molecules
in the direction of the electric field, the degree of the align-
ment disturbance is smaller compared to the case of FIG. 4.

[0100] FIG. 5B shows a case in which the initial alignment
direction of the liquid crystal molecules is tilted by a certain
angle in the counterclockwise direction from the direction of
the electric field formed by the first pixel electrode PX and the
second pixel electrode PX. In this case also, because the
liquid crystal molecules must be rotated against the elasticity
of the liquid crystal layer LC in order to direct the liquid
crystal molecules in the direction of the electric field, the
degree of alignment disturbance is smaller compared to the
case of FIG. 4.

[0101] FIG. 6 shows a change of an amount of the align-
ment disturbance when the initial alignment direction of the
liquid crystal molecules is changed. In FIG. 6, the horizontal
axis x represents the position and the vertical axis t represents
the transmittance of the liquid crystal layer LC. In FIG. 6, (b)
shows positions of the pixel electrode PX and the video signal
line DL corresponding to (a). Because FIG. 6 shows the ON
state, a negative potential with respect to a potential on the
opposing electrode CT (not shown) is applied to the pixel
electrode PX at the left and a positive potential with respect to
the potential on the opposing electrode CT is applied to the
pixel electrode PX at the right. Therefore, a horizontal electric
field is generated between the pixel electrode PX at the right
and the pixel electrode PX at the left, and the alignment of the
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liquid crystal molecules is disturbed. Because of this, the
liquid crystal layer L.C does not completely block the light,
and would have a certain transmittance.

[0102] InFIG. 6, (a) shows achange of the transmittance of
the liquid crystal by the alignment disturbance when the
direction of the alignment vector VSUBI of the first substrate
SUBI is changed. Because the alignment vector VSUBI1 of
the first substrate SUB1 and the alignment vector VSUB2 of
the second substrate SUB2 are in directions which are 90
degrees from each other, by changing the direction of the
alignment vector VSUBI of the first substrate SUBI, it is
possible to change the alignment of the liquid crystal mol-
ecules at the center portion along the thickness direction of
the liquid crystal layer LC.

[0103] In(a), when the direction ¢1 of the alignment vector
VSUBI of the first substrate SUB1 is at 45 degrees, the
direction of the initial alignment of the liquid crystal mol-
ecules at the center along the thickness direction of the liquid
crystal layer LC matches the direction of the parallel electric
field between pixels. Therefore, the alignment disturbance is
the largest when the direction of the alignment vector VSUBI1
of the first substrate SUB1 is at 45 degrees. In addition, the
disclination line due to the reverse tilt is positioned at the
outermost position. As the alignment vector VSUB1 of the
first substrate SUB1 increases from 45 degrees, the alignment
disturbance is reduced and the disclination line due to the
reverse tilt moves to the inside.

[0104] FIG. 7 shows a change of the amount of alignment
disturbance when the initial alignment direction of the liquid
crystal molecules is changed in a direction opposite to the
direction in FIG. 6. In FIG. 7, the structure of (b) is similar to
the structure of (b) in FIG. 6. In FIG. 7, (a) shows a change of
the transmittance of the liquid crystal due to the alignment
disturbance when the direction of the alignment vector
VSUBI of the first substrate SUB1 in FIG. 25 is changed.
Because the alignment vector VSUBI1 of the first substrate
SUBT1 and the alignment vector VSUB2 of the second sub-
strate SUB2 are in directions which are 90 degrees from each
other, by changing the direction of the alignment vector
VSUBLI of the first substrate SUBL, it is possible to change
the alignment of the liquid crystal molecules at the center
portion of the liquid crystal layer LC.

[0105] In(a), when the direction ¢1 of the alignment vector
VSUBI of the first substrate SUB1 is at 45 degrees, the
direction of the initial alignment of the liquid crystal mol-
ecules at the center along the thickness direction of the liquid
crystal layer LC matches the direction of the parallel electric
field between pixels. Therefore, the alignment disturbance is
the largest when the direction of the alignment vector VSUBI1
of the first substrate SUB1 is at 45 degrees. In addition, the
disclination line due to the reverse tilt is positioned at the
outermost position. As the alignment vector VSUB1 of the
first substrate SUB1 is reduced from 45 degrees, the align-
ment disturbance 1s reduced, and the disclination line due to
the reverse tilt is also moved toward the inside.

[0106] In other words, in both cases of FIGS. 6 and 7, the
amount of alignment disturbance is reduced as the direction
of the alignment vector VSUBI of the first substrate SUB1
changes away from 45 degrees. This indicates that the amount
of overlap of the pixel electrode PX and the video signal line
DL for preventing light leakage can be changed by changing
the direction of the alignment vector VSUBI1 of the first
substrate SUB1. FIGS. 8A and 8B show this situation.
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[0107] In FIGS. 8A and 8B, the horizontal axis represents
an absolute value of an angle ¢1 of the direction of the align-
ment vector VSUBI of the first substrate SUB1 with respect
to the x-axis and the vertical axis represents an amount fof the
overlap of the pixel electrode PX and the video signal line DL
for preventing light leakage. Here, the x-axis is in a direction
perpendicular to the video signal line DL, that is, the direction
of the parallel electric field between adjacent pixels. In FIGS.
8A and 8B, a region A represents a region in which the light
leakage does not occur, and a region B represents a region in
which the light leakage occurs. In FIG. 8 A, when the absolute
value of the angle ¢1 of the direction of the alignment vector
VSUBI of the first substrate SUB1 with respect to the x-axis
is 45 degrees, the necessary amount of overlap of the pixel
electrode PX and the video signal line DL is the largest. When
the direction of the alignment vector VSUBI1 of the first
substrate SUB1 is to be reduced with respect to the x-axis, by
setting the absolute value of the angle ¢1 with respect to the
direction of the x-axis, that is, the horizontal direction of the
first substrate SUBI to less than or equal to 30 degrees and
greater than or equal to 0 degree, it is possible to obtain the
advantage of inhibiting the alignment disturbance. When, on
the other hand, the absolute value of ¢1 in FIG. 8A is to be
substantially reduced by bending the video signal line DL and
the pixel electrode PX while maintaining the three o’clock
viewing angle as will be described below, if the direction of
the alignment vector VSUBI of the first substrate SUB1 is too
close to the direction of the x-axis (when the absolute value of
$1 in FIG. 8A is too small), the bending angle of the video
signal line DL and the pixel electrode PX becomes too large,
resulting in an inferior appearance of the image. Therefore, a
more preferable angle is set with the absolute value of 1 in
FIG. 8A being less than or equal to 30 degrees and greater
than or equal to 20 degrees.

[0108] When the direction of the alignment vector VSUB1
of the first substrate SUBI is to be increased with respect to
the x-axis, by setting the absolute value of the angle ¢1 with
respect to the direction of the x-axis, that is, the horizontal
direction of the first substrate SUB1 to greater than or equal to
55 degrees and less than or equal to 90 degrees, it is possible
to obtain the advantage of inhibiting the alignment distur-
bance. When, on the other hand, the absolute value of ¢1 in
FIG. 8A is to be substantially increased by bending the video
signal line DL and the pixel electrode PX while maintaining
the three o’clock viewing angle as will be described below, if
the direction of the alignment vector VSUBI1 of the first
substrate SUB1 is too close to a direction perpendicular to the
x-axis (if the absolute value of $1 in FIG. 8A is too large), the
bending angle of the video signal line DL and the pixel
electrode PX becomes too large, resulting in an inferior
appearance of the image. Therefore, a more preferable angle
is set with ¢1 in FIG. 8A being greater than or equal to 55
degrees and less than or equal to 70 degrees.

[0109] A configuration in which ¢1 has a positive value
(counterclockwise direction with respect to the x-axis) in
FIG. 8A indicates a case with the rubbing direction of the
three o’clock viewing angle and in which the liquid crystal is
twisted in the counterclockwise direction from the second
substrate SUB2 toward the first substrate SUB1. On the other
hand, a configuration in which ¢1 has a negative value (clock-
wise direction with respect to the x-axis) in FIG. 8A indicates
a case with the rubbing direction of the three o’clock viewing
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angle and in which the liquid crystal is twisted in the clock-
wise direction from the second substrate SUB2 toward the
first substrate SUB1.

[0110] Although a case with the rubbing direction of the
three o’clock viewing angle is shown in FIG. 8A, similar
characteristics are true for the other cases, that is, the case of
the rubbing direction of the nine o’clock viewing angle, as
shown in FIG. 8B. In FIG. 8B, when the absolute value of the
angle of the alignment vector VSUBI1 of the first substrate
SUB1 with respect to the x-axis is 135 degrees, the necessary
amount of overlap of the pixel electrode PX and the video
signal line DL is the largest. When the direction of the align-
ment vector VSUBI1 of the first substrate SUBL1 is to be
reduced with respect to the x-axis, by setting the absolute
value of the angle with respect to the direction of the x-axis,
that is, the horizontal direction of the first substrate SUB1 to
less than or equal to 180 degrees and greater than or equal to
150 degrees, it is possible to obtain the advantage of inhibit-
ing the alignment disturbance. When, on the other hand, the
absolute value of ¢1 in FIG. 8B is to be substantially increased
by bending the video signal line DL and the pixel electrode
PX while maintaining the nine o’clock viewing angle as will
be described below, if the direction of the alignment vector
VSUB1 ofthe first substrate SUB1 is too close to the direction
of the x-axis (if the absolute value of ¢1 in FIG. 8B is too
large), the bending angle of the video signal line DL and the
pixel electrode PX becomes too large, resulting in an inferior
appearance of the image. Therefore, a more preferable angle
is set with ¢1 in FIG. 8B being less than or equal to 160
degrees and greater than or equal to 150 degrees.

[0111] When the direction of the alignment vector VSUBI1
of the first substrate SUB1 is to be increased with respect to
the x-axis, by setting the absolute value of the angle with
respect to the direction of the x-axis, that is, the horizontal
direction ofthe first substrate SUB1 to greater than or equal to
90 degrees and less than or equal to 125 degrees, it is possible
to obtain the advantage of inhibiting the alignment distur-
bance. When, on the other hand, the absolute value of ¢1 in
FIG. 8B is substantially reduced by bending the video signal
line DL and the pixel electrode PX while maintaining the nine
o’clock viewing angle as will be described below, if the
direction of the alignment vector VSUB1 of the first substrate
SUBL1 is too close to a direction perpendicular to the x-axis (if
the absolute value of ¢1 in FIG. 8B is too small), the bending
angle of the video signal line DL and the pixel electrode PX
becomes too large, resulting in an inferior appearance of the
image. Therefore, a more preferable angle is set with the
absolute value of ¢1 of FIG. 8B being greater than or equal to
110 degrees and less than or equal to 125 degrees.

[0112] InFIG. 8B, a configuration in which ¢1 has a nega-
tive value (clockwise direction with respect to the x-axis)
indicates the case with the rubbing direction of the nine
o’clock viewing angle and in which the liquid crystal is
twisted in the counterclockwise direction from the second
substrate SUB2 toward the first substrate SUB1. On the other
hand, a configuration in which ¢1 has a positive value (coun-
terclockwise direction with respect to the x-axis) indicates the
case with the rubbing direction of the nine o’clock viewing
angle and in which the liquid crystal is twisted in the clock-
wise direction from the second substrate SUB2 toward the
first substrate SUB1.

[0113] Inthe graphs of FIGS. 8A and 8B, a configuration is
considered in which the direction of extension of the scan line
GL is in the direction of the x-axis and the direction of
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extension of the video signal line DL is in the direction of the
y-axis. Therefore, the absolute value of ¢1 of 45 degrees
corresponds to the three o’clock viewing angle and the abso-
lute value of ¢1 of 135 degrees corresponds to the nine
o’clock viewing angle. Thus, although the advantage of
inhibiting the alignment disturbance is increased as the abso-
lute value of 1 deviates from 45 degrees or 135 degrees, the
viewing angle is also deviated from the three o’ clock viewing
angle or the nine o’clock viewing angle.

[0114] In consideration of this, as shown in FIGS. 9A, 9B,
9C,9D,9E, 10A, and 10B to be described below, by tilting, by
an angle 8, the sides of the video signal line DL and the pixel
electrode PX in the clockwise or counterclockwise direction
with respect to the direction of the y-axis while maintaining
the extension direction of the scan line GL at the direction of
the x-axis (although the video signal line DL is locally tilted
with respect to the y-axis by the angle 0', the overall video
signal line DL extends in the direction of the y-axis), it is
possible to rotate the direction of the electric field by an angle
0" in the clockwise or counterclockwise direction. Therefore,
by tilting the sides of the video signal line DL and the pixel
electrode PX with respect to the y-axis direction while main-
taining the alignment vectors VSUB1 and VSUB2 at the
direction of the three o’clock viewing angle or the nine
o’clock viewing angle, it is possible to substantially achieve a
state equivalent to a state in which the absolute value of $1 in
FIGS. 8A and 8B is deviated from 45 degrees or 135 degrees.
[0115] Forexample, in the case of the three o’ clock viewing
angle with the liquid crystal being twisted by 90 degrees inthe
counterclockwise direction from the second substrate SUB2
toward the first substrate SUB1 as shown in FIG. 25, ¢1=+45
degrees. Here, if the video signal line DL is tilted by an angle
0" in the clockwise direction (wherein €' is larger than 0
degree and less than or equal to 45 degrees), the x-axis in FIG.
25 (a reference for measuring the angle ¢1) is also rotated by
the angle 6' in the clockwise direction. Thus, this configura-
tion corresponds to a position where the absolute value of ¢1
is larger than 45 degrees in FIG. 8A (position of absolute
value of (45 degrees+0")). When, on the other hand, the video
signal line DL is tilted by the angle 6" in the counterclockwise
direction, the x-axis (reference for measuring the angle ¢1) in
FIG. 25 is also rotated by the angle 0" in the counterclockwise
direction. Therefore, this configuration corresponds to a posi-
tion in which the absolute value of 1 is less than 45 degrees
in FIG. 8A (position of absolute value of (45 degrees-8").
[0116] In the case of the three o’clock viewing angle with
the liquid crystal being twisted by 90 degrees in the clockwise
direction from the second substrate SUB2 toward the first
substrate SUB1 as in FIG. 27, $1=-45 degrees. Therefore, a
configuration in which the video signal line DL is tilted by the
angle 6'in the clockwise direction corresponds to a position in
which the absolute value of $1 is less than 45 degrees in FIG.
8A (position of absolute value of (-45 degrees+6')). A con-
figuration in which the video signal line DL is tilted by the
angle 6" in the counterclockwise direction, on the other hand,
corresponds to a position in which the absolute value of ¢1 is
larger than 45 degrees in FIG. 8A (position of absolute value
of (-45 degrees-8")).

[0117] In the case of the nine o’clock viewing angle with
the liquid crystal being twisted by 90 degrees in the counter-
clockwise direction from the second substrate SUB2 toward
the first substrate SUB1 as in FIG. 28, ¢1=-135 degrees.
Therefore, a configuration in which the video signal line DL
is tilted by the angle 8" in the clockwise direction corresponds
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to a position in which the absolute value of ¢1 is less than 135
degrees in FIG. 8B (position of absolute value of (-135
degrees+0")). A configuration in which the video signal line
DL is tilted by the angle 6' in the counterclockwise direction,
on the other hand, corresponds to a position in which the
absolute value of ¢1 is larger than 135 degrees in FIG. 8B
(position of absolute value of (-135 degrees-0")).

[0118] In the case of the nine o’clock viewing angle with
the liquid crystal being twisted by 90 degrees in the clockwise
direction from the second substrate SUB2 toward the first
substrate SUB1 as in FIG. 29, ¢1=+135 degrees. Therefore, a
configuration in which the video signal line DL is tilted by the
angle 0' in the clockwise direction corresponds to a position in
which the absolute value of ¢1 is larger than 135 in FIG. 8B
(position of absolute value of (+135 degrees+0")). A configu-
ration in which the video signal line DL is tilted by the angle
0" in the counterclockwise direction, on the other hand, cor-
responds to a position in which the absolute value of ¢1 is
smaller than 135 degrees in FIG. 8B (position of absolute
value of (+135 degrees-0")).

[0119] InFIG. 8A (three o’clock viewing angle), compared
to the case of the absolute value of ¢1 of 45 degrees (corre-
sponding to the angle of 0" of 0 degree), arange of the absolute
value of ¢1 being greater than or equal to 55 degrees (corre-
sponding to the angle 8' of greater than or equal to 10 degrees)
and a range of the absolute value of ¢1 of less than or equal to
30 degrees (corresponding to the angle 0' of greater than or
equal to 15 degrees) have an improved advantage of inhibit-
ing the alignment disturbance.

[0120] Similarly, in FIG. 8B (nine o’clock viewing angle),
compared to the case of the absolute value of ¢1 of 135
degrees (corresponding to the angle 0" of 0 degree), arange of
absolute value of ¢1 of less than or equal to 125 degrees
(corresponding to the angle 6' of greater than or equal to 10
degrees) and a range of the absolute value of ¢1 of greater than
or equal to 150 degrees (corresponding to the angle 6' of
greater than or equal to 15 degrees) have an improved advan-
tage of inhibiting the alignment disturbance.

[0121] Therefore, regardless of whether the viewing angle
is the three o’clock viewing angle or the nine o’clock viewing
angle, the angle 0' may be set to greater than or equal to 10
degrees in the clockwise direction or greater than or equal to
15 degrees in the counterclockwise direction when the liquid
crystal is twisted in the counterclockwise direction from the
second substrate SUB2 toward the first substrate SUB1. Simi-
larly, when the liquid crystal is twisted in the clockwise
direction from the second substrate SUB2 toward the first
substrate SUBI1, the angle 68' may be set to greater than or
equal to 15 degrees in the clockwise direction or greater than
or equal to 10 degrees in the counterclockwise direction.
[0122] The angle 0' is preferably less than or equal to 45
degrees. However, because the pixel is too much tilted and the
appearance of the image is degraded when 0' is too large, ' is
more preferably less than or equal to 25 degrees.

[0123] FIGS. 9A, 9B, 9C, 9D, and 9E show an example
structure in which the direction of the electric field between
pixel electrodes PX during the ON operation and the initial
alignment direction of the liquid crystal molecules are shifted
in dot inversion driving while the initial alignment vector of
the three o’clock viewing angle is maintained. In FIGS. 9A,
9B, 9C, 9D, and 9E, the pixel electrode PX is bent. Although
the video signal line DL is also locally bent, the overall video
signal line DL extends along the y-axis direction. As shown in
FIG. 9E, the alignment vector VSUBI of the first substrate
SUBL1 in this case is 45 degrees from the x-axis direction, the
alignment vector VSUB2 ofthe second substrate SUB2is 135
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degrees from the x-axis, and the initial alignment direction of
the liquid crystal molecules at the center along the thickness
direction of the liquid crystal layer LC s parallel to the x-axis.
Therefore, the parallel electric field formed by the pixel elec-
trodes PX on both sides of the video signal line DL differs
from the initial alignment direction of the liquid crystal mol-
ecules. Here, if the bending angle 0 is 30 degrees (+15 degrees
with respect to the y-axis), the angle of the horizontal axis in
FIG. 8A is in a relationship identical to the case of 30 degrees
(=45-15 degrees) or 60 degrees (=45+15 degrees), and the
alignment disturbance can be inhibited. In this manner, by
bending the video signal line DL and the pixel electrode PX
while maintaining the three o’clock viewing angle, 1 in FIG.
8A can be substantially increased or decreased from 45
degrees. The angle between the side of the pixel electrode PX
and the y-axis is preferably less than or equal to 45 degrees.
However, because the appearance of the image is degraded
when the bending angle 0 is too large, the angle between the
side of the pixel electrode PX and the y-axis is more prefer-
ably less than or equal to 25 degrees.

[0124] As already described, regardless of whether the
viewing angle is the three o’clock viewing angle or the nine
o’clock viewing angle, when the liquid crystal is twisted in
the counterclockwise direction from the second substrate
SUB2 toward the first substrate SUB1, the angle between the
side of the pixel electrode PX and the y-axis may be set to
greater than or equal to 10 degrees in the clockwise direction
on one side of the bent portion and greater than or equal to 15
degrees in the counterclockwise direction on the other side of
the bent portion. Similarly, when the liquid crystal molecule
is twisted in the clockwise direction from the second substrate
SUB2 toward the first substrate SUB1, the angle of the side of
the pixel electrode PX and the y-axis may be set to greater
than or equal to 15 degrees in the clockwise direction on one
side of the bent portion and greater than or equal to 10 degrees
in the counterclockwise direction on the other side of the bent
portion.

[0125] However, at the bending point, the direction of the
electric field by the pixel electrodes PX and the initial align-
ment direction of the liquid crystal molecules are in the same
direction. Therefore, at this portion, the alignment distur-
bance cannot be reduced. As a countermeasure for this, as
shown in FIG. 9B, the amount of overlap between the pixel
electrode PX and the video signal line DL is increased in the
bending point compared to the other portions. Alternatively,
structures as shown in FIGS. 9C and 9D maybe employed.
With such a structure, it is possible to realize a liquid crystal
display device having a superior contrast, a large aperture
ratio, and high brightness over all pixels.

[0126] FIGS.10A and 10B show another example structure
in which the direction of the electric field between pixel
electrodes PX during ON operation and the initial alignment
direction of the liquid crystal molecules are shifted in the dot
inversion driving while the initial alignment vector of the
three o’clock viewing angle is maintained. In FIGS. 10A and
10B, the video signal line DL and the pixel electrode PX are
tilted by 6 with respect to the vertical direction of the first
substrate SUB1, that is, the direction of the y-axis. However,
the video signal line DL extends, as a whole, along the y-axis
direction. The direction of the alignment vector VSUB1 of the
first substrate SUB1 and the direction of the alignment vector
VSUB2 of the second substrate SUB2 are similar to those in
FIGS. 9A, 9B, 9C, 9D, and 9E. Therefore, the alignment
direction of the liquid crystal molecules at the center along the
thickness direction of the liquid crystal layer LC and the
direction of the electric field between pixel electrodes PX
(x-axis direction) differ from each other by the angle 6. A case
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of 6 of 15 degrees, for example, corresponds to a case in
which the horizontal axis of F1G. 8A is at 60 degrees (=45+15
degrees). Therefore, a structure with small alignment distur-
bance can be achieved. Although FIGS. 10A and 10B show a
structure in which the direction of tilt is in the clockwise
direction, a similar result can be realized even with the direc-
tion of the tiltin the counterclockwise direction. For example,
a casein which the pixel electrode PX or the video signal line
DL is tilted by 15 degrees in the counterclockwise direction
corresponds to a case in which the horizontal axis in FIG. 8A
is at 30 degrees (=45-15 degrees). In this case also, a structure
with reduced alignment disturbance can be achieved.

[0127] Therefore, in summary of the range of the tilt 0,
regardless of whether the viewing angle is the three o’clock
viewing angle or the nine o’clock viewing angle, in the case in
which the liquid crystal is twisted in the counterclockwise
direction from the second substrate toward the first substrate,
6 may be set to greater than or equal to 10 degrees and less
than or equal to 45 degrees when the video signal line DL is
tilted in the clockwise direction and greater than orequal to 15
degrees and less than or equal to 45 degrees when the video
signal line DL is tilted in the counterclockwise direction.
However, because the appearance of the image is degraded
when the tilt 0 is too large, the tilt 0 is, in the case in which the
liquid crystal is twisted in the counterclockwise direction
from the second substrate toward the first substrate, prefer-
ably greater than or equal to 10 degrees and less than or equal
to 25 degrees when the video signal line DL is tilted in the
clockwise direction and greater than or equal to 15 degrees
and less than or equal to 25 degrees when the video signal line
DL is tilted in the counterclockwise direction. In the case in
which the liquid crystal is twisted in the clockwise direction
from the second substrate toward the first substrate, on the
other hand, 6 may be set to greater than or equal to 15 degrees
and less than or equal to 45 degrees when the video signal line
DL is tilted in the clockwise direction and greater than or
equal to 10 degrees and less than or equal to 45 degrees when
the video signal line DL is tilted in the counterclockwise
direction. However, because the appearance of the image is
degraded when the tilt 0 is too large, the tilt 0 is, in the case in
which the liquid crystal is twisted in the clockwise direction
from the second substrate toward the first substrate, prefer-
ably greater than or equal to 15 degrees and less than or equal
to 25 degrees when the video signal line DL is tilted in the
clockwise direction and greater than or equal to 10 degrees
and less than or equal to 25 degrees when the video signal line
DL is tilted in the counterclockwise direction.

[0128] As described above, with the present embodiment,
even when dot inversion driving is applied with the three
o’clock viewing angle, an image having less alignment dis-
turbance and high contrast can be provided without a signifi-
cant reduction in the aperture ratio.

Third Preferred Embodiment

[0129] In the third preferred embodiment, the degree of
alignment disturbance by the electric field between the pixel
electrodes PX is reduced by controlling the thickness of the
liquid crystal layer LC in the dot inversion driving with the
three o’clock viewing angle. FIG. 11 is a cross sectional
diagram in a direction parallel to the video signal line DL of
the liquid crystal display device, that is, the y direction. In
FIG. 11, the lower polarizer plate POL1 and the lower view-
ing angle expansion film WV1 are adhered under the first
substrate SUB1. Scan lines GL and storage capacitor lines CL
are formed at the inner side of the first substrate SUBI, and,
over a gate insulating film GI which is formed over the scan
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line GL and the storage capacitor line CL, the thin film tran-
sistor (TFT) having the semiconductor layer SC, a drain elec-
trode DE, and a source electrode SE is formed. The first
passivation film PAS1 and the second passivation film PAS2
are formed covering the TFT, and the pixel electrode PX and
the lower alignment film AL1 are formed over the passivation
films.

[0130] Overthesecondsubstrate SUB2, the upper polarizer
plate POL2 and the upper viewing angle expansion film WV2
are adhered. The black matrix BM and the color filter CF are
formed at the inner side of the second substrate SUB2, and the
overcoat film OC is formed over the black matrix BM and the
color filter CF. The opposing electrode CT is formed over the
overcoat film OC, and the upper alignment film AL2 is
formed covering the opposing electrode CT. The liquid crys-
tal layer LC is provided between the first substrate SUB1 and
the second substrate SUB2.

[0131] FIGS. 12A and 12B show a structure of a liquid
crystal display device having a normal aperture ratio. FIG.
12A is a plan view of the first substrate SUB1 and FIG. 12B
is a cross sectional diagram of the liquid crystal display
device. In FIGS. 12A and 12B, the pixel electrode PX is
formed between video signal lines DL, there is a gap between
the pixel electrode PX and the video signal line DL. Because
of this, the area of the pixel electrode PX is limited.

[0132] FIG. 12B is a cross sectional diagram along the
direction of the scan line GL, thatis, the direction of the x-axis
of the liquid crystal display device. In FIG. 12B, the video
signal line DL and the pixel electrode PX are not overlapped
in the plan view, and light from the backlight leaks in this
portion. The light leakage is blocked by the black matrix BM
which is formed in a relatively large size.

[0133] FIGS. 13A and 13B show a structure of the liquid
crystal display device having a high aperture ratio. In FIG.
13A, the end of the pixel electrode PX and the video signal
line DL overlap each other. Because there is no gap between
the pixel electrode PX and the video signal line DL, the
aperture ratio can be increased. FIG. 13B is a cross sectional
diagram in the direction of the scan line GL, that is, the
direction of the x-axis of the liquid crystal display device. In
FIG. 13B, the end of the pixel electrode PX and the video
signal line DL overlap each other in the plan view. In FIGS.
13A and 13B, the video signal line DL has an important role
in light shielding. Because the video signal line DL has the
light-shielding effect, the width of the black matrix BM is
reduced so that the aperture ratio is increased.

[0134] FIGS. 14A and 14B show a relationship, in a con-
figuration of dot inversion driving with the three o’clock
viewing angle, between an effect of the horizontal electric
field due to a potential difference between pixels and a gap
(cell gap) between the first substrate SUB1 and the second
substrate SUB2. FIG. 14A shows a case in which the cell gap
dis large. As shown in FIG. 14A, when the cell gap d is wide
as in the case when the cell gap is dl, the effect of the
horizontal electric field is strong and the area in which the
liquid crystal molecules are disturbed is also large.

[0135] FIG. 14B shows a case in which the cell gap d is
small, such as a cell gap d2. In this case, the effect of the
horizontal electric field component is weak compared to the
vertical electric field component, and the area in which the
alignment of the liquid crystal molecules is disturbed is nar-
row. As a result, the area of the light leakage is also narrow.
[0136] FIG. 15 is a graph showing a relationship between
the cell gap d and the transmittance of the liquid crystal due to
the alignment disturbance. In (a) of FIG. 15, the vertical axis
represents a transmittance t of the liquid crystal layer LC due
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to the alignment disturbance and the horizontal axis x repre-
sents a position. The horizontal axis x in (a) is correlated to the
positions of the pixel electrode PX and the video signal line
DL of the first substrate SUB1 shown in (b).

[0137] 1In (a), when the cell gap d is 6 um, the area having
large transmittance of the liquid crystal layer LC due to the
alignment disturbance is very wide. In particular, the discli-
nation line due to the reverse tilt has a large transmittance, and
the position of the disclination line exceeds the area which
can be light-shielded by the video signal line DL. When, on
the other hand, the cell gap d is 2 pm, on the other hand, the
transmittance of the liquid crystal layer LC due to the align-
ment disturbance is small. In addition, the transmittance due
to the disclination line by the reverse tilt is also small, and the
position of the disclination line is within a range which can be
sufficiently light-shielded by the video signal line DL.
[0138] This shows that a width of the overlap between the
video signal line DL and the pixel electrode PX can be
changed depending on the size of the cell gap d. In other
words, when the area of the alignment disturbance is small,
the amount of overlap between the video signal line DL and
the pixel electrode PX can be reduced and the aperture ratio of
the pixel can be increased. FIG. 16 shows this relationship. In
FIG. 16, the horizontal axis represents the cell gap d and the
vertical axis represents the overlap width f' between the pixel
electrode PX and the video signal line DL which is necessary
for preventing light leakage due to the alignment disturbance.
In FIG. 16, a region A represents a region in which the light
does not leak and a region B represents a region in which light
leaks. As shown in FIG. 16, the necessary amount of overlap
between the video signal line DL and the pixel electrode PX
can be reduced as the cell gap d is reduced.

[0139] The cell gap d is preferably less than or equal to 4
pm. A more preferable range of the cell gap d is greater than
or equal to 2 pm and less than or equal to 3.5 um.

Fourth Preferred Embodiment

[0140] Inthe present embodiment, the degree of alignment
disturbance by the electric field between pixel electrodes PX
in the dot inversion driving with the three o’clock viewing
angle is controlled by changing the anisotropy Ae in the
dielectric constant of the liquid crystal. FIG. 17 is a graph
showing an anisotropy Ae in the dielectric constant of the
liquid crystal and the alignment disturbance. In (2) in FIG. 17,
the horizontal axis x represents a position and the vertical axis
t represents a transmittance of the liquid crystal layer LC. In
FIG. 17, (b) shows positions of the pixel electrode PX and the
video signal line DL corresponding to (a). The relationship
between (a) and (b) is similar to that already described with
reference to FIG. 34.

[0141] InFIG.17, (a) shows a representative calculation of
the transmittances of the liquid crystal layer LC due to the
alignment disturbance in cases where the anisotropy Ae of the
dielectric constant is 2 and where the anisotropy Ae of the
dielectric constant is 10. As shown in (a), for a larger anisot-
ropy Ae of the dielectric constant, the transmittance of the
liquid crystal layer LC due to the alignment disturbance
between the pixel electrodes PX is larger and the disclination
line due to the reverse tilt exists at an outer position. A reason
why the area of the light leakage is narrower for a smaller
anisotropy Ae of the dielectric constant of the liquid crystal is
because it is harder for the liquid crystal molecules to move
with respect to the electric field when the anisotropy Ae of the
dielectric constant is smaller. As a result, the area in which the
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alignment is disturbed becomes narrower and the area of the
light leakage becomes narrower.

[0142] Therefore, the amount of overlap between the video
signal line DL and the pixel electrode PX which is necessary
for preventing the light leakage differs depending on the
anisotropy Ae of the dielectric constant of the liquid crystal.
FIG. 18 shows a plot of the necessary amount of overlap
between the video signal line DL and the pixel electrode PX
for various values of Ae. In FIG. 18, the horizontal axis
represents the anisotropy Ae of the dielectric constant of the
liquid crystal and the vertical axis represents the amount f of
overlap between the pixel electrode PX and the video signal
line DL which is necessary for preventing light leakage. In
FIG. 18, a region A represents a region in which light does not
leak and a region B represents a region in which the light
leaks.

[0143] The slope of the plot in FIG. 18 changes at Ae=6 as
a boundary, and the advantage of reducing the anisotropy Ae
on the necessary amount of overlap between the video signal
line DL and the pixel electrode PX is significant in the range
of Ae of less than or equal to 6. In this manner, when Ae of the
liquid crystal is set to less than or equal to 6, the necessary
amount of overlap between the video signal line DL and the
pixel electrode PX can be reduced and the aperture ratio of the
pixel can be increased. Incidentally, a lower limit of the value
of Ae is a range of greater than 0.

[0144] Thefirst through fourth preferred embodiments may
be applied in combination unless the combination is contra-
dictory.

[0145] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. A TN-type liquid crystal display device in which liquid
crystal is provided between a first substrate and a second
substrate, a rubbing process is applied to the first substrate
and the second substrate so that a colorscale inversion does
not tend to occur in a three o’clock direction or in a nine
o’clock direction, and a dot inversion driving or a column
inversion driving is applied, wherein

over the first substrate, a first pixel electrode and a second
pixel electrode are placed sandwiching a video signal
line along the three o’ clock direction or the nine o’clock
direction with a spacing therebetween, the video signal
line overlaps with the first pixel electrode and the second
pixel electrode, and an amount of overlap between the
video signal line and the first pixel electrode is larger
than an amount of overlap between the video signal line
and the second pixel electrode,

a light-shielding film is formed over the second substrate,
the light-shielding film overlaps the first pixel electrode
and the second pixel electrode, and an amount of overlap
between the light-shielding film and the first pixel elec-
trode is larger than an amount of overlap between the
light-shielding film and the second pixel electrode, and

the light-shielding film extends to an outer position of the
video signal line on a side of the first pixel electrode, and
the video signal line extends to an outer position of the
light-shielding film on a side of the second pixel elec-
trode.
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2. The liquid crystal display device according to claim 1,
wherein

a reverse tilt domain occurs on the side of the first pixel

electrode, and

the reverse tilt domain is covered by the video signal line

and the light-shielding film.

3. A TN-type liquid crystal display device in which liquid
crystal is provided between a first substrate and a second
substrate, a rubbing process is applied to the first substrate
and the second substrate so that a colorscale inversion does
not tend to occur in a three o’clock direction or in a nine
o’clock direction, and a dot inversion driving or a column
inversion driving is applied, wherein

over the first substrate, video signal lines extend, as a

whole, along a first direction which is parallel to a twelve
o’clock direction and are arranged in a second direction
which s parallel to the three o’ clock direction, scan lines
extend along the second direction and are arranged in the
first direction, and a pixel including a pixel electrode is
formed in a region surrounded by the video signal line
and the scan line,

the video signal line and the pixel electrode are bent within

the pixel, an angle between a side of the bent pixel
electrode and the first direction is greater than or equal to
10 degrees and less than or equal to 45 degrees in a
clockwise direction on one side of the bent portion and is
greater than or equal to 15 degrees and less than or equal
to 45 degrees in a counterclockwise direction on the
other side of the bent portion when the liquid crystal is
twisted in the counterclockwise direction from the sec-
ond substrate toward the first substrate, and the angle is
greater than or equal to 15 degrees and less than or equal
to 45 degrees in the clockwise direction on the one side
of the bent portion and is greater than or equal to 10
degrees and less than or equal to 45 degrees in the
counterclockwise direction on the other side of the bent
portion when the liquid crystal is twisted in the clock-
wise direction from the second substrate toward the first
substrate, and

the pixel electrode and the video signal line overlap each

other, and an amount of the overlap is larger in the bent
portion of the video signal line than in the other portions.

4. The liquid crystal display device according to claim 3,
wherein

the angle between the side of the bent pixel electrode and

the first direction is greater than or equal to 10 degrees
and less than or equal to 25 degrees in the clockwise
direction on the one side of the bent portion and is
greater than or equal to 15 degrees and less than or equal
to 25 degrees in the counterclockwise direction on the
other side of the bent portion when the liquid crystal is
twisted in the counterclockwise direction from the sec-
ond substrate toward the first substrate and the angle is
greater than or equal to 15 degrees and less than or equal
to 25 degrees in the clockwise direction on the one side
of the bent portion and is greater than or equal to 10
degrees and less than or equal to 25 degrees in the
counterclockwise direction on the other side of the bent
portion when the liquid crystal is twisted in the clock-
wise direction from the second substrate toward the first
substrate.
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5. A TN-type liquid crystal display device in which liquid
crystal is provided between a first substrate and a second
substrate, a rubbing process is applied to the first substrate
and the second substrate so that a colorscale inversion does
not tend to occur in a three o’clock direction or in a nine
o’clock direction, and a dot inversion driving or a column
inversion driving is applied, wherein

over the first substrate, video signal lines extend, as a

whole, along a first direction which is parallel to a twelve
o’clock direction and are arranged in a second direction
which is parallel to the three o’ clock direction, scan lines
extend along the second direction and are arranged in the
first direction, and a pixel including a pixel electrode is
formed in a region surrounded by the video signal line
and the scan line, and

the pixel electrode and the video signal line overlap each

other, the video signal line and the pixel electrode are
tilted within the pixel in a same direction with respect to
the first direction, an angle formed by sides of the video
signal line and the pixel electrode with the first direction
is greater than or equal to 10 degrees and less than or
equal to 45 degrees in a clockwise direction or is greater
than or equal to 15 degrees and less than or equal to 45
degrees in a counterclockwise direction when the liquid
crystal is twisted in the counterclockwise direction from
the second substrate toward the first substrate and the
angle is greater than or equal to 15 degrees and less than
or equal to 45 degrees in the clockwise direction or is
greater than or equal to 10 degrees and less than or equal
to 45 degrees in the counterclockwise direction when the
liquid crystal is twisted in the clockwise direction from
the second substrate toward the first substrate.

6. The liquid crystal display device according to claim 5,
wherein

the angle formed by the sides of the video signal line and

the pixel electrode with the first direction is greater than
or equal to 10 degrees and less than or equal to 25
degrees in the clockwise direction when the liquid crys-
tal is twisted in the counterclockwise direction from the
second substrate toward the first substrate and the angle
is greater than or equal to 10 degrees and less than or
equal to 25 degrees in the counterclockwise direction
when the liquid crystal is twisted in the clockwise direc-
tion from the second substrate toward the first substrate.

7. The liquid crystal display device according to claim 5,
wherein

the angle formed by the sides of the video signal line and

the pixel electrode with the first direction is greater than
or equal to 15 degrees and less than or equal to 25
degrees in the counterclockwise direction when the lig-
uid crystal is twisted in the counterclockwise direction
from the second substrate toward the first substrate and
the angle is greater than or equal to 15 degrees and less
than or equal to 25 degrees in the clockwise direction
when the liquid crystal is twisted in the clockwise direc-
tion from the second substrate toward the first substrate.

8. The liquid crystal display device according to claim 1,
wherein

an anisotropy of dielectric constant of the liquid crystal is

less than or equal to 6 and greater than zero.
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