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(57) ABSTRACT

A liquid crystal display device includes: a vertical alignment
liquid crystal layer; first and second substrates facing each
other with the liquid crystal layer interposed; first and second
electrodes arranged on the first and second substrates to face
the liquid crystal layer; and at least one alignment film in
contact with the liquid crystal layer. A pixel region includes a
first liquid crystal domain in which liquid crystal molecules
are tilted in a first direction around the center of a plane, and
approximately at the middle of the thickness, of the liquid
crystal layer responsive to a voltage applied. The first liquid
crystal domain s close to at least a part of an edge of the first
electrode. The part includes a first edge portion in which an
azimuthal direction, perpendicular to the part and pointing
toward the inside of the first electrode, defines an angle
greater than 90 degrees to the first direction. The first or
second substrate has an opaque member including a first
opaque portion for selectively shielding at least a part of the
first edge portion from incoming light.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device and more particularly relates to a liquid crystal
display device with a wide viewing angle characteristic.

BACKGROUND ART

[0002] Recently, the display performances of liquid crystal
displays (LCDs) have been improved to the point that more
and more manufacturers adopt LCD panels as TV monitors,
for example. The viewing angle characteristic of LCDs has
been improved to a certain degree but not satisfactorily in
some respects. Among other things, there is still a high
demand for improvement of the viewing angle characteristic
of an LCD using a vertical alignment liquid crystal layer
(which is sometimes called a “VA mode LCD”).
[0003] A VA mode LCD, which is currently used fora TV
set with a big screen, for example, adopts a multi-domain
structure, in which multiple liquid crystal domains are formed
in a single pixel region, to improve the viewing angle char-
acteristic. An MVA mode is often adopted as a method of
forming such a multi-domain structure. Specifically, accord-
ing to the MVA mode, an alignment control structure is pro-
vided on one of the two substrates, which face each other with
a vertical alignment liquid crystal layer interposed between
them, so as to contact with the liquid crystal layer, thereby
forming multiple domains with mutually different alignment
directions (i.e., tilt directions), the number of which is typi-
cally four. As the alignment control structure, a slit (as an
opening) or a rib (as a projection structure) may be provided
for an electrode, thereby creating an anchoring force from
both sides of the liquid crystal layer.
[0004] Ifa slit or a rib is adopted, however, the anchoring
force will be applied onto liquid crystal molecules non-uni-
formly within a pixel region because the slit or rib has a linear
structure unlike the situation where the pretilt directions are
defined by an alignment film in a conventional TN mode
LCD. As a result, the response speed may have a distribution
unintentionally. In addition, since the transmittance of light
will decrease in the areas with the slits or ribs, the luminance
of the screen will decrease, too.

[0005] Patent Document No. 1: Japanese Patent Appli-

cation Laid-Open Publication No. 11-133429
[0006] Patent Document No. 2: Japanese Patent Appli-
cation Laid-Open Publication No. 11-352486

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

[0007] To avoid such a problem, the multi-domain structure
is preferably formed by defining the pretilt directions with an
alignment film for a VA mode LCD, too. Thus, the present
inventors discovered and confirmed via experiments that a
unique misalignment occurred in a VA mode LCD and
affected its display quality.

[0008] Even in a conventional LCD in which the multi-
domain structure is formed using an alignment film, a tech-
nique for providing an opaque portion for cutting the light that
has been transmitted through an area with misalignment to
minimize the deterioration in display quality due to the mis-
alignment is also known (see Patent Document No. 1, for
example).
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[0009] The conventional multi-domain structure is pro-
vided with such an opaque portion to shield an area with an
optical transmittance that is higher than a predetermined
value (i.e., an area that looks brighter when viewed straight
than an area where liquid crystal molecules are aligned nor-
mally) due to a misalignment such as a reverse tilt in a TN
mode LCD, for example. However, the present inventors dis-
covered that the display quality of a VA mode LCD could not
be improved sufficiently just by shielding such an area that
looked brighter when viewed straight than an area where
liquid crystal molecules were aligned normally.

[0010] Inorderto overcome the problems described above,
the present invention has an object of providing a VA mode
liquid crystal display device with excellent display quality.

Means for Solving the Problems

[0011] A liquid crystal display device according to the
present invention includes: a vertical alignment liquid crystal
layer; a first substrate and a second substrate, which face each
other with the liquid crystal layer interposed between them; a
first electrode, which is arranged on the first substrate so as to
face the liquid crystal layer; a second electrode, which is
arranged on the second substrate so as to face the liquid
crystal layer; and at least one alignment film, which is
arranged in contact with the liquid crystal layer. A pixel
region includes at least one liquid crystal domain that pro-
duces a dark area, which looks darker than a gray scale level
being presented for a viewer located in front of the device,
inside of, and substantially parallel to, an edge portion of the
first electrode. Fither the first substrate or the second substrate
has an opaque member that includes at least one opaque
portion for selectively shielding at least a portion of the dark
area from incoming light.

[0012] Another liquid crystal display device according to
the present invention includes: a vertical alignment liquid
crystal layer; a first substrate and a second substrate, which
face each other with the liquid crystal layer interposed
between them; a first electrode, which is arranged on the first
substrate so as to face the liquid crystal layer; a second elec-
trode, which is arranged on the second substrate so as to face
the liquid crystal layer; and at least one alignment film, which
is arranged in contact with the liquid crystal layer. A pixel
region includes a first liquid crystal domain in which liquid
crystal molecules are tilted in a predetermined first direction
around the center of a plane, and approximately at the middle
of the thickness, of the liquid crystal layer in response to a
voltage applied. The first liquid crystal domain is located
close to at least a part of an edge of the first electrode. The part
includes a first edge portion in which an azimuthal direction
that is perpendicular to the part and that points toward the
inside of the first electrode defines an angle greater than 90
degrees with respect to the first direction. Either the first
substrate or the second substrate has an opaque member that
includes a first opaque portion for selectively shielding at
least a part of the first edge portion from incoming light.
[0013] In one embodiment, the pixel region further
includes second, third and fourth liquid crystal domains in
which liquid crystal molecules are tilted in second, third and
fourth directions, respectively, around the center of the plane,
and approximately at the middle of the thickness, of the liquid
crystal layer in response to the voltage applied. The first,
second, third and fourth directions are defined such that an
angle formed between any two of the four directions is
approximately equal to an integral multiple of 90 degrees.
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The second liquid crystal domain is located close to at least a
part of another edge of the first electrode, and the part includes
a second edge portion in which an azimuthal direction that is
perpendicular to the part and that points toward the inside of
the first electrode defines an angle greater than 90 degrees
with respect to the second direction. The third liquid crystal
domain is located close to at least a part of still another edge
of the first electrode, and the part includes a third edge portion
in which an azimuthal direction that is perpendicular to the
part and that points toward the inside of the first electrode
defines an angle greater than 90 degrees with respect to the
third direction. The fourth liquid crystal domain is located
close to at least a part of yet another edge of the first electrode,
and the part includes a fourth edge portion in which an azi-
muthal direction that is perpendicular to the part and that
points toward the inside of the first electrode defines an angle
greater than 90 degrees with respect to the fourth direction.
The opaque member further includes second, third and fourth
opaque portions for selectively shielding at least a part of the
second, third and fourth edge portions, respectively, from
incoming light.

[0014] In one embodiment, the first, second, third and
fourth liquid crystal domains are arranged such that the tilt
directions of any two adjacent ones of the liquid crystal
domains define an angle of approximately 90 degrees
between them.

[0015] In one embodiment, if the horizontal direction of a
display screen has an azimuthal angle of zero degrees, the
first, second, third and fourth directions are an approximately
225 degree direction, an approximately 315 degree direction,
an approximately 45 degree direction and an approximately
135 degree direction, respectively. The first and third edge
portions are parallel to a vertical direction and the second and
fourth edge portions are parallel to the horizontal direction.
[0016] In one embodiment, if the horizontal direction of a
display screen has an azimuthal angle of zero degrees, the
first, second, third and fourth directions are an approximately
225 degree direction, an approximately 315 degree direction,
an approximately 45 degree direction and an approximately
135 degree direction, respectively. The first and third edge
portions are parallel to the horizontal direction and the second
and fourth edge portions are parallel to a vertical direction.
[0017] In one embodiment, if the horizontal direction of a
display screen has an azimuthal angle of zero degrees, the
first, second, third and fourth directions are an approximately
225 degree direction, an approximately 315 degree direction,
an approximately 45 degree direction and an approximately
135 degree direction, respectively. Each of the first, second,
third and fourth edge portions includes a first part that is
parallel to the horizontal direction and a second part that is
parallel to a vertical direction.

[0018] In one embodiment, the pixel region further
includes second, third and fourth liquid crystal domains in
which liquid crystal molecules are tilted in second, third and
fourth directions, respectively, around the center of the plane,
and approximately at the middle ofthe thickness, of the liquid
crystal layer in response to the voltage applied. The first,
second, third and fourth directions are defined such that an
angle formed between any two of the four directions is
approximately equal to an integral multiple of 90 degrees.
The first and second directions form an angle of approxi-
mately 180 degrees between them. The second liquid crystal
domain is located close to at least a part of another edge of the
first electrode, and the part includes a second edge portion in
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which an azimuthal direction that is perpendicular to the part
and that points toward the inside of the first electrode defines
an angle greater than 90 degrees with respect to the second
direction. Each of the first and second edge portions includes
a first part that is parallel to the horizontal direction and a
second part that is parallel to a vertical direction. And the
opaque member further includes a second opaque portion for
selectively shielding at least a part of the second edge portion
from incoming light.

[0019] In one embodiment, if the horizontal direction on
the display screen has an azimuthal angle of zero degrees, the
first direction is either an approximately 135 degree direction
or an approximately 225 degree direction.

[0020] In one embodiment, if the horizontal direction of a
display screen has an azimuthal angle of zero degrees, the
first, second, third and fourth directions are an approximately
90 degree direction, an approximately 180 degree direction,
an approximately 0 degree direction and an approximately
270 degree direction, respectively. The first and fourth edge
portions are parallel to the horizontal direction and the second
and third edge portions are parallel to a vertical direction.
[0021] In one embodiment, if the horizontal direction of a
display screen has an azimuthal angle of zero degrees, the
first, second, third and fourth directions are an approximately
225 degree direction, an approximately 315 degree direction,
an approximately 45 degree direction and an approximately
135 degree direction, respectively. The first, second, third and
fourth edge portions are all parallel to a vertical direction.
[0022] Inone embodiment, the opaque member includes a
central opaque portion for selectively shielding at least a
portion of a boundary area of each of the first, second, third
and fourth liquid crystal domains, which is adjacent to
another one of the liquid crystal domains, from incoming
light.

[0023] In one embodiment, the opaque member includes
another opaque portion for shielding an intersection between
a boundary area of each of the first, second, third and fourth
liquid crystal domains, which is adjacent to another one ofthe
liquid crystal domains, and one of the first, second, third and
fourth edge portions from incoming light.

[0024] In one embodiment, the first substrate further
includes a TFT, a gate bus line, a source bus line, a drain
extension line, and a storage capacitor line. One of the first,
second, third, fourth, central and another opaque portions is
defined by at least a portion of at least one line selected from
the group consisting of the gate bus line, the source bus line,
the drain extension line, and the storage capacitor line.
[0025] In one embodiment, the at least one line has a por-
tion that is bent or broadened in a direction that crosses its
length direction, and the at least the portion of the at least one
line includes at least a part of the bent or broadened portion.
[0026] In one embodiment, the second substrate further
includes a black matrix layer, and one of the first, second,
third, fourth, central and another opaque portions is defined
by a portion of the black matrix layer.

[0027] Inoneembodiment, theliquid crystal display device
further includes two polarizers, which are arranged so as to
face each other with the liquid crystal layer interposed
between them and to have their transmission axes crossed at
right angles. The first, second, third and fourth directions
define an angle of approximately 45 degrees with respect to
the transmission axes of the two polarizers.

[0028] In one embodiment, the vertical alignment liquid
crystal layer includes a liquid crystal material with negative
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dielectric anisotropy. The at least one alignment film includes
two alignment films that are arranged so as to sandwich the
liquid crystal layer between them. Respective pretilt direc-
tions defined by the two alignment films are different from
each other by approximately 90 degrees.

[0029] In one embodiment, the at least one alignment film
includes two alignment films that are arranged so as to sand-
wich the liquid crystal layer between them. Respective pretilt
angles defined by the two alignment films are substantially
equal to each other.

[0030] In one embodiment, the at least one alignment film
is a photo-alignment film.

[0031] Still another liquid crystal display device according
to the present invention includes: a vertical alignment liquid
crystal layer; a first substrate and a second substrate, which
face each other with the liquid crystal layer interposed
between them; a first electrode, which is arranged on the first
substrate so as to face the liquid crystal layer; a second elec-
trode, which is arranged on the second substrate so as to face
the liquid crystal layer; and at least one alignment film, which
is arranged in contact with the liquid crystal layer. A pixel
region includes first, second, third and fourth liquid crystal
domains in which liquid crystal molecules are tilted in first,
second, third and fourth directions, respectively, around the
center of a plane, and approximately at the middle of the
thickness, of the liquid crystal layer in response to a voltage
applied. The first, second, third and fourth directions are
defined such that an angle formed between any two of the four
directions is approximately equal to an integral multiple of 90
degrees. Fach of the first, second, third and fourth liquid
crystal domains is adjacent to another one of the liquid crystal
domains. An opaque member includes a central opaque por-
tion for selectively shielding at least a portion of a boundary
area of each of the first, second, third and fourth liquid crystal
domains, which is adjacent to another one of the liquid crystal
domains, from incoming light.

[0032] Inoneembodiment, the first liquid crystal domain is
located close to at least a part of an edge of the first electrode,
and the part includes a first edge portion in which an azi-
muthal direction that is perpendicular to the part and that
points toward the inside of the first electrode defines an angle
greater than 90 degrees with respect to the first direction. The
second liquid crystal domain is located close to at least a part
of another edge of the first electrode, and the part includes a
second edge portion in which an azimuthal direction that is
perpendicular to the part and that points toward the inside of
the first electrode defines an angle greater than 90 degrees
with respect to the second direction. The third liquid crystal
domain is located close to at least a part of still another edge
ofthe first electrode, and the part includes a third edge portion
in which an azimuthal direction that is perpendicular to the
part and that points toward the inside of the first electrode
defines an angle greater than 90 degrees with respect to the
third direction. The fourth liquid crystal domain is located
close to at least a part of yet another edge of the first electrode,
and the part includes a fourth edge portion in which an azi-
muthal direction that is perpendicular to the part and that
points toward the inside of the first electrode defines an angle
greater than 90 degrees with respect to the fourth direction.
[0033] In one embodiment, the first, second, third and
fourth liquid crystal domains are arranged in two rows and
two columns so as to define a matrix pattern.
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[0034] In one embodiment, the first, second, third and
fourth liquid crystal domains are arranged in line in a prede-
termined direction.

[0035] In one embodiment, the first substrate further
includes a TFT, a gate bus line, a source bus line, a drain
extension line, and a storage capacitor line, and the central
opaque portion is defined by at least a portion of at least one
line selected from the group consisting of the gate bus line, the
source bus line, the drain extension line, and the storage
capacitor line.

[0036] In one embodiment, the at least one line has a por-
tion that is bent or broadened in a direction that crosses its
length direction, and the at least the portion of the at least one
line includes at least a part of the bent or broadened portion.
[0037] In one embodiment, the second substrate further
includes a black matrix layer, and the central opaque portion
is defined by a portion of the black matrix layer.

[0038] Inoneembodiment, theliquid crystal display device
further includes two polarizers, which are arranged so as to
face each other with the liquid crystal layer interposed
between them and to have their transmission axes crossed at
right angles. The first, second, third and fourth directions
define an angle of approximately 45 degrees with respect to
the transmission axes of the two polarizers.

[0039] In one embodiment, the vertical alignment liquid
crystal layer includes a liquid crystal material with negative
dielectric anisotropy. The at least one alignment film includes
two alignment films that are arranged so as to sandwich the
liquid crystal layer between them. Respective pretilt direc-
tions defined by the two alignment films are different from
each other by approximately 90 degrees.

[0040] In one embodiment, the at least one alignment film
includes two alignment films that are arranged so as to sand-
wich the liquid crystal layer between them, and respective
pretilt angles defined by the two alignment films are substan-
tially equal to each other.

[0041] In one embodiment, the at least one alignment film
is a photo-alignment film.

[0042] Yet another liquid crystal display device according
to the present invention includes: a vertical alignment liquid
crystal layer; a first substrate and a second substrate, which
face each other with the liquid crystal layer interposed
between them; a first electrode, which is arranged on the first
substrate so as to face the liquid crystal layer; a second elec-
trode, which is arranged on the second substrate so as to face
the liquid crystal layer; and at least one alignment film, which
is arranged in contact with the liquid crystal layer. A pixel
region includes first, second, third and fourth liquid crystal
domains in which liquid crystal molecules are tilted in first,
second, third and fourth directions, respectively, around the
center of a plane, and approximately at the middle of the
thickness, of the liquid crystal layer in response to a voltage
applied. The first, second, third and fourth directions are
defined such that an angle formed between any two ofthe four
directions is approximately equal to an integral multiple of 90
degrees. The first liquid crystal domain is located close to at
least a part of an edge of the first electrode, and the part
includes a first edge portion in which an azimuthal direction
that is perpendicular to the part and that points toward the
inside of the first electrode defines an angle greater than 90
degrees with respect to the first direction. The second liquid
crystal domain is located close to at least a part of another
edge of the first electrode, and the part includes a second edge
portion in which an azimuthal direction that is perpendicular
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to the part and that points toward the inside of the first elec-
trode defines an angle greater than 90 degrees with respect to
the second direction. The third liquid crystal domain is
located close to at least a part of still another edge of the first
electrode, and the part includes a third edge portion in which
an azimuthal direction that is perpendicular to the part and
that points toward the inside of the first electrode defines an
angle greater than 90 degrees with respect to the third direc-
tion. The fourth liquid crystal domain is located close to at
least a part of yet another edge of the first electrode, and the
part includes a fourth edge portion in which an azimuthal
direction that is perpendicular to the part and that points
toward the inside of the first electrode defines an angle greater
than 90 degrees with respect to the fourth direction. Each of
the first, second, third and fourth liquid crystal domains is
adjacent to another one of the liquid crystal domains. Fither
the first substrate or the second substrate includes an opaque
member, which includes an opaque portion for shielding an
intersection between a boundary area of each of the first,
second, third and fourth liquid crystal domains, which is
adjacent to another one of the liquid crystal domains, and one
of the first, second, third and fourth edge portions from
incoming light.

[0043] In one embodiment, the first, second, third and
fourth liquid crystal domains are arranged such that the tilt
directions of any two adjacent ones of the liquid crystal
domains define an angle of approximately 90 degrees
between them.

[0044] In one embodiment, if the horizontal direction of a
display screen has an azimuthal angle of zero degrees, the
first, second, third and fourth directions are an approximately
225 degree direction, an approximately 315 degree direction,
an approximately 45 degree direction and an approximately
135 degree direction, respectively. The first and third edge
portions are parallel to a vertical direction and the second and
fourth edge portions are parallel to the horizontal direction.
[0045] In one embodiment, if the horizontal direction of a
display screen has an azimuthal angle of zero degrees, the
first, second, third and fourth directions are an approximately
225 degree direction, an approximately 315 degree direction,
an approximately 45 degree direction and an approximately
135 degree direction, respectively. The first and third edge
portions are parallel to the horizontal direction and the second
and fourth edge portions are parallel to a vertical direction.
[0046] In one embodiment, if the horizontal direction of a
display screen has an azimuthal angle of zero degrees, the
first, second, third and fourth directions are an approximately
90 degree direction, an approximately 180 degree direction,
an approximately 0 degree direction and an approximately
270 degree direction, respectively. The first and fourth edge
portions are parallel to the horizontal direction and the second
and third edge portions are parallel to a vertical direction.
[0047] In one embodiment, if the horizontal direction of a
display screen has an azimuthal angle of zero degrees, the
first, second, third and fourth directions are an approximately
225 degree direction, an approximately 315 degree direction,
an approximately 45 degree direction and an approximately
135 degree direction, respectively. The first, second, third and
fourth edge portions are all parallel to a vertical direction.
[0048] In one embodiment, the opaque portion is substan-
tially triangular.

[0049] In one embodiment, an opaque member includes a
central opaque portion for selectively shielding at least a
portion of a boundary area of each of the first, second, third
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and fourth liquid crystal domains, which is adjacent to
another one of the liquid crystal domains, from incoming
light.

[0050] In one embodiment, the first substrate further
includes a TFT, a gate bus line, a source bus line, a drain
extension line, and a storage capacitor line. Either the opaque
portion or the central opaque portion is defined by at least a
portion of at least one line selected from the group consisting
of the gate bus line, the source bus line, the drain extension
line, and the storage capacitor line.

[0051] In one embodiment, the second substrate further
includes a black matrix layer, and either the opaque portion or
the central opaque portion is defined by a portion of the black
matrix layer.

[0052] Inoneembodiment, theliquid crystal display device
further includes two polarizers, which are arranged so as to
face each other with the liquid crystal layer interposed
between them and to have their transmission axes crossed at
right angles. The first, second, third and fourth directions
define an angle of approximately 45 degrees with respect to
the transmission axes of the two polarizers.

[0053] In one embodiment, the vertical alignment liquid
crystal layer includes a liquid crystal material with negative
dielectric anisotropy, and the at least one alignment film
includes two alignment films that are arranged so as to sand-
wich the liquid crystal layer between them. The pretilt direc-
tion defined by one of the two alignment films is different
from that defined by the other alignment film by approxi-
mately 90 degrees.

[0054] In one embodiment, the at least one alignment film
includes two alignment films that are arranged so as to sand-
wich the liquid crystal layer between them, and respective
pretilt angles defined by the two alignment films are substan-
tially equal to each other.

[0055] In one embodiment, the at least one alignment film
is a photo-alignment film.

EFFECTS OF THE INVENTION

[0056] According to the present invention, the display qual-
ity of a VA mode liquid crystal display device can be
improved in terms of its viewing angle dependence, in par-
ticular. Also, according to the present invention, the display
quality of a liquid crystal display device having a multi-
domain structure defined by an alignment film can be
improved.

BRIEF DESCRIPTION OF DRAWINGS

[0057] FIG. 1 illustrates an exemplary pixel region with a
multi-domain structure in a VA mode liquid crystal display
device according to the present invention.

[0058] FIGS. 2(a) and 2(b) illustrate exemplary pixel
regions with a multi-domain structure in a VA mode liquid
crystal display device according to the present invention.

[0059] FIGS. 3(a) and 3(b) illustrate other exemplary pixel
regions with a multi-domain structure in a VA mode liquid
crystal display device according to the present invention.

[0060] FIGS. 4(a) and 4(b) illustrate still other exemplary
pixel regions with a multi-domain structure in a VA mode
liquid crystal display device according to the present inven-
tion.
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[0061] FIGS. 5(a) and 5(b) illustrate yet other exemplary
pixel regions with a multi-domain structure in a VA mode
liquid crystal display device according to the present inven-
tion.

[0062] FIG. 6is a cross-sectional view of a pixel region of
a VA mode liquid crystal display device according to the
present invention, showing the equipotential curve of an elec-
tric field created in the liquid crystal layer, the orientation
directions of liquid crystal molecules in the layer, and the
transmittance thereof, which were figured out by simulations.
[0063] FIG. 7is a cross-sectional view of a pixel region of
a VA mode liquid crystal display device according to the
present invention, showing the equipotential curve of an elec-
tric field created in the liquid crystal layer, the orientation
directions of liquid crystal molecules in the layer, and the
transmittance thereof, which were figured out by simulations.
[0064] FIG. 81s a cross-sectional view of a pixel region of
a VA mode liquid crystal display device according to the
present invention, showing the equipotential curve of an elec-
tric field created in the liquid crystal layer, the orientation
directions of liquid crystal molecules in the layer, and the
transmittance thereof, which were figured out by simulations.
[0065] FIG. 9is a cross-sectional view of a pixel region of
a VA mode liquid crystal display device according to the
present invention, showing the equipotential curve of an elec-
tric field created in the liquid crystal layer, the orientation
directions of liquid crystal molecules in the layer, and the
transmittance thereof, which were figured out by simulations.
[0066] FIG. 10 is graphs showing the distributions of trans-
mission intensities in a situation where the pixel region shown
in FIG. 2(a) is viewed from the direction defined by an azi-
muth angle of 45 degrees.

[0067] FIG. 11 is a schematic representation illustrating an
exemplary pixel structure for a liquid crystal display device
according to the present invention.

[0068] FIG. 12 is a schematic representation illustrating
another exemplary pixel structure for a liquid crystal display
device according to the present invention.

[0069] FIG. 13 is a schematic representation illustrating
still another exemplary pixel structure for a liquid crystal
display device according to the present invention.

[0070] FIG. 14 is aschematic representation illustrating yet
another exemplary pixel structure for a liquid crystal display
device according to the present invention.

[0071] FIG. 15 is a cross-sectional view schematically
illustrating the pixel structure shown in FIG. 14.

[0072] FIG. 16 is aschematic representation illustrating yet
another exemplary pixel structure for a liquid crystal display
device according to the present invention.

[0073] FIG. 17 is a cross-sectional view schematically
illustrating the pixel structure shown in FIG. 16.

[0074] FIG.18is aschematic representation illustrating yet
another exemplary pixel structure for a liquid crystal display
device according to the present invention.

[0075] FIG.19is aschematic representation illustrating yet
another exemplary pixel structure for a liquid crystal display
device according to the present invention.

[0076] FIG.20is aschematic representation illustrating yet
another exemplary pixel structure for a liquid crystal display
device according to the present invention.

[0077] FIG.21 is aschematic representation illustrating yet
another exemplary pixel structure for a liquid crystal display
device according to the present invention.

Nov. 19, 2009

[0078] FIG. 22 is a schematic representation showing
another area in which misalignment occurs in a pixel region
with a multi-domain structure in a VA mode liquid crystal
display device according to the present invention.

[0079] FIG. 23 is aschematic representation illustrating yet
another exemplary pixel structure for a liquid crystal display
device according to the present invention.

[0080] FIG. 24 is aschematic representation illustrating yet
another exemplary pixel structure for a liquid crystal display
device according to the present invention.

[0081] FIG. 25is aschematic representation illustrating yet
another exemplary pixel structure for a liquid crystal display
device according to the present invention.

[0082] FIGS. 26(a) through 26(c) show how the viewing
angle characteristic changes with the central opaque portion
in a situation where the photomask has misaligned, wherein:
FIG. 26(a) schematically illustrates a pixel with only a verti-
cal opaque portion 21; FIG. 26(b) schematically illustrates a
pixel with only a horizontal opaque portion 22; and FIG.
26(c) schematically illustrates a pixel with no central opaque
portion at all.

[0083] FIGS. 27(a) and 27(b) show how the location of a
domain line changes according to the pretilt angle, wherein:
FIG. 27(a) schematically illustrates a pixel including a liquid
crystal layer with a pretilt angle of 87.5 degrees; and FIG.
27(b) schematically illustrates a pixel including a liquid crys-
tal layer with a pretilt angle of 89.0 degrees.

[0084] FIG. 28 is a graph showing how the transmittance
(or luminance) changes with the pretilt angle.

[0085] FIG. 29 is a graph showing how the contrast ratio
changes with the pretilt angle.

DESCRIPTION OF REFERENCE NUMERALS

[0086] 1 TFT substrate

[0087] 1a, 2a transparent substrate

[0088] 2 CF substrate

[0089] 3 liquid crystal layer

[0090] 3a liquid crystal molecule

[0091] 10 pixel region

[0092] 11 pixel electrode

[0093] 12 counter electrode

[0094] 111 pixel electrode

[0095] 111a subpixel electrode

[0096] 111E broadened portion of pixel electrode or sub-
pixel electrode

[0097] 112 gate bus line

[0098] 113 CS bus line (storage capacitor line)

[0099] 113E extended portion of CS bus line

[0100] 114 source bus line

[0101] 116, 116a,11656 TFT

[0102] 117 drain extension line

[0103] 117E extended portion of drain extension line

[0104] SD1 to SD4 edges of pixel electrode

[0105] EG1 to EG4 edge portions of pixel electrode

[0106] A to D liquid crystal domain

[0107] t1 to t4 tilt direction (reference alignment direc-
tion)
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[0108] el to ed azimuth direction that is perpendicular to
edge of pixel electrode and pointed inward in pixel elec-
trode

BEST MODE FOR CARRYING OUT THE
INVENTION

[0109] Hereinafter, embodiments ofa liquid crystal display
device according to the present invention will be described
with reference to the accompanying drawings. However, the
present invention is in no way limited to the following specific
embodiments. According to the present invention, a liquid
crystal display device, including a vertical alignment liquid
crystal layer of which the pretilt direction is controlled by
using at least one alignment film, has its display quality
improved by providing an opaque film where misalignment
oceurs.

[0110] The display quality is affected to different degrees
depending on where misalignment has occurred. That is why
the type of misalignment to be hidden behind an opaque
portion also changes with the display performance required.
In the following description, three types of misalignment to
occur in three different locations in a pixel region (namely, an
electrode edge portion, a central portion and an intersection
portion) will be described separately. These three locations
may be shielded independently of each other. Two or more of
these locations may be shielded in any arbitrary combination
or all of them may be shielded, too.

[0111] As used herein, the “vertical alignment liquid crys-
tal layer” means a liquid crystal layer in which the axis of
liquid crystal molecules (which will be sometimes referred to
herein as an “axis direction”) defines a tilt angle of approxi-
mately 85 degrees or more with respect to the surface of a
vertical alignment film. The liquid crystal molecules have
negative dielectric anisotropy and are combined with polar-
izers that are arranged as crossed Nicols to conduct a display
operation in normally black mode. The alignment film may be
provided for at least one of the two substrates. However, to
stabilize the alignment, each of the two substrates is prefer-
ably provided with an alignment film. In the embodiment to
be described below, each of the two substrates is provided
with a vertical alignment film. Also, since every misalign-
ment occurs within the multi-domain structure except that
occurring in an electrode edge portion, a four-domain struc-
ture that realizes a particularly good viewing angle character-
istic will be described as an example. As used herein, the
“pixel” refers to a minimum unit for representing a particular
gray scale level on the screen, and corresponds to a unit for
representing each gray scale level of red (R), green (G) and
blue (B) in color display and is also called a “dot”. A combi-
nation of R, G and B pixels forms a single color display pixel.
The “pixel region” refers to a region of a liquid crystal display
device that is allocated to a single “pixel” on the screen. The
“pretilt direction” is the orientation direction of liquid crystal
molecules to be controlled with an alignment film and refers
to an azimuthal direction on a display screen. Also, the angle
formed by the liquid crystal molecules with respect to the
surface of the alignment film in this case will be referred to
herein as a “pretilt angle”. The pretilt direction will be defined
by subjecting the alignment film to a rubbing treatment or a
photo-alignment treatment. By changing the combinations of
the pretilt directions of the two alignment films that face each
other with the liquid crystal layer interposed between them,
the four-domain structure can be formed. The quadruple pixel
region includes four liquid crystal domains (which will be
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sometimes simply referred to herein as “domains”). Each of
these liquid crystal domains is characterized by the tilt direc-
tion of liquid crystal molecules at the center of a plane of the
liquid crystal layer, to which a voltage is being applied, and at
the middle of the thickness of the liquid crystal layer. Such a
tilt direction will be sometimes referred to herein as a “refer-
ence alignment direction”. And thistilt direction (or reference
alignment direction) will have an important effect on the
viewing angle dependence of each domain. The tilt direction
is also an azimuthal direction. The reference azimuthal direc-
tion is supposed to be the horizontal direction on the screen
and the azimuth angle is supposed to increase counterclock-
wise. For example, comparing the display screen to a clock
face, the three o’clock direction is supposed to have an azi-
muth angle of zero degrees and the angle is supposed to
increase counterclockwise. By defining the tilt directions of
the four liquid crystal domains such that an angle formed
between any two of the four directions is approximately equal
to an integral multiple of 90 degrees (e.g., as the twelve
o’clock direction, the nine o’clock direction, the six o’clock
direction and the three o’clock direction, respectively), highly
uniform viewing angle characteristic and good display qual-
ity are realized. To increase the uniformity of the viewing
angle characteristic, the areas of those four liquid crystal
domains in the pixel region are preferably equalized with
each other. Specifically, the difference between the area of the
largest one of the four liquid crystal domains and that of the
smallest one of the four is preferably no greater than 25% of
the largest area.

[0112] The vertical alignment liquid crystal layer of the
embodiment to be described below includes a nematic liquid
crystal material with negative dielectric anisotropy. The
pretilt directions defined by the two alignment films that
sandwich the liquid crystal layer between them are different
from each other by approximately 90 degrees. The tilt angle
(i.e., the reference alignment direction) is defined as an inter-
mediate direction between these two pretilt directions. No
chiral agent is added to the liquid crystal layer. And when a
voltage is applied to the liquid crystal layer, the liquid crystal
molecules located near the alignment films will have a twisted
alignment under the anchoring force of the alignment films. If
necessary, a chiral agent may be added to the liquid crystal
layer. By using such a pair of vertical alignment films defining
two pretilt directions (alignment treatment directions) that are
perpendicular to each other, the VA mode in which the liquid
crystal molecules have a twisted alignment is sometimes
called a vertical alignment twisted nematic (VATN) mode
(see Patent Document No. 2, for example).

[0113] Inthe VATN mode, the pretilt angles defined by the
two alignment films are preferably substantially equal to each
other as disclosed by the applicant of the present application
in Japanese Patent Application No. 2005-141846. By using
such a pair of alignment films defining pretilt angles that are
approximately equal to each other, the display luminance can
be increased. Particularly when the difference between the
pretilt angles defined by the two alignment films is within one
degree, the tilt direction (i.e., the reference alignment direc-
tion) of liquid crystal molecules, located approximately at the
middle of the thickness of the liquid crystal layer, can be
controlled with good stability and the display luminance can
be increased. This is probably because if the difference
between the pretilt angles were more than one degree, then the
tilt direction would vary noticeably from one location to
another in the liquid crystal layer and the transmittance would
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vary significantly as a result (i.e., some area would have a
lower transmittance than a desired one).

[0114] According to known methods, the pretilt direction
of liquid crystal molecules may be defined by alignment films
by subjecting the alignment films to a rubbing treatment or a
photo-alignment treatment, by forming a microstructure on
an undercoat film for each alignment film and transferring the
pattern of the microstructure onto the surface of the alignment
film, or by evaporating obliquely an inorganic material such
as SiO on an alignment film to define a microstructure
thereon. Considering its mass productivity, either the rubbing
treatment or the photo-alignment treatment is preferred.
Among other things, the photo-alignment treatment is par-
ticularly to increase the yield because that treatment is a
non-contact method and generates no static electricity due to
friction unlike the rubbing treatment. Also, as described in
Japanese Patent Application No. 2005-141846 mentioned
above, by using a photo-alignment film including a photosen-
sitive group, the variation in pretilt angle can be reduced to
one degree or less. The photo-alignment film preferably
includes at least one photosensitive group selected from the
group consisting of a 4-chalcone group, a 4'-chalcone group,
a coumarin group, and a cinnamoyl group to name a few.
[0115] The embodiment to be described below is a TFT
LCD as a typical example. However, the present invention is
naturally applicable for use in a liquid crystal display device
that adopts any other driving method.

[0116] (Edge Portion and Central Portion)

[0117] First, misalignment that may occur in an electrode
edge portion will be described.

[0118] The present inventors discovered that when a volt-
age was applied to a liquid crystal display device including a
vertical alignment liquid crystal layer, of which the pretilt
direction was controlled using an alignment film, to present a
gray scale level thereon, an area, which looked darker than the
gray scale level being presented when viewed straight,
appeared inside of, and substantially parallel to, an edge
portion of a pixel electrode. In the multi-domain structure, if
at any of the edges of a pixel electrode, to which a liquid
crystal domain is located close, the azimuthal direction that is
perpendicular to the edge and that points toward the inside of
the pixel electrode defines an angle greater than 90 degrees
with respect to the tilt direction (i.e., the reference alignment
direction) of the liquid crystal domain, the area that looks
darker than the gray scale level being presented will appear
inside of, and substantially parallel to, that edge. The align-
ment state of the liquid crystal molecules will be disturbed in
that area probably because the tilt direction of the liquid
crystal domain and the direction in which the anchoring force
is produced by an oblique electric field at the edge of the pixel
electrode have opposing components.

[0119] As used herein, the “gray scale level” refers to any
level except black (i.e., the lowest level) and white (i.e., the
highest level). The dark area always appears when a non-
black gray scale level (including white) is presented as a
matter of principle. However, the dark area is easier to pet-
ceive at a relatively high gray scale level. Also, unless a
particular viewing direction is specified, the display state is
always supposed to be a front viewing state (i.e., when the
screen is viewed perpendicularly by a viewer located right in
front of the screen).

[0120] The quadruple pixel region 10 shown in FIG. 1 will
be described. FIG. 1 illustrates a pixel region 10 provided for
a substantially square pixel electrode for the sake of simplic-
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ity. However, the present invention is in no way limited to any
particular shape of a pixel region.

[0121] The pixel region 10 includes four liquid crystal
domains A, B, C and D, of which the tilt directions (i.e.
reference alignment directions) are identified by t1, t2, t3 and
4, respectively. These four tilt directions are defined such that
an angle formed between any two of the four directions is
approximately equal to an integral multiple of 90 degrees.
This is an ideal quadruple structure to achieve the best view-
ing angle characteristic because the areas of these liquid
crystal domains A, B, C and D are equal to each other. The
four liquid crystal domains A, B, C and D are arranged in two
columns and two rows to define a matrix pattern.

[0122] The pixel electrode has four edges (or sides) SD1,
SD2, SD3 and SD4. An oblique electric field to be generated
responsive to a voltage applied produces an anchoring force
that has a component that is perpendicular to any of these
sides and that points toward the inside of the pixel electrode
(in an azimuthal direction). In the example shown in FIG. 1,
the azimuthal directions that are perpendicular to the four
edges SD1, SD2, SD3 and SD4 and that point toward the
inside of the pixel electrode are identified by €1, ¢2, €3 and e4,
respectively.

[0123] Each of the four liquid crystal domains is close to
two out of the four edges of the pixel electrode. While a
voltage is being applied thereto, each liquid crystal domain is
subjected to the anchoring forces that have been produced at
those edges by the oblique electric field.

[0124] In an edge portion EG1 of one edge of the pixel
electrode, to which the liquid crystal domain A is located
close, the azimuthal direction el that is perpendicular to the
edge portion EG1 and that points toward the inside of the
pixel electrode defines an angle greater than 90 degrees with
respect to the tilt direction t1 of the liquid crystal domain, and
misalignment occurs in that area. As a result, when a voltage
is applied thereto, the liquid crystal domain A produces an
area that looks darker than the other areas (which will be
referred to herein as a “domain line DL1”) parallel to this
edge portion EG1. It should be noted that in this case, the two
polarizers are arranged so as to face each other with the liquid
crystal layer interposed between them and to have their trans-
mission axes (polarization axes) crossed at right angles. That
is to say, one of the two polarization axes is arranged hori-
zontally and the other vertically. The transmission axes of the
polarizers are supposed to be arranged in this manner unless
otherwise stated.

[0125] Inthe same way, inan edge portion EG2 of one edge
of the pixel electrode, to which the liquid crystal domain B is
located close, the azimuthal direction e2 that is perpendicular
to the edge portion EG2 and that points toward the inside of
the pixel electrode defines an angle greater than 90 degrees
with respect to the tilt direction t2 of the liquid crystal
domain, and misalignment occurs in that area. As a result,
when a voltage is applied thereto, the liquid crystal domain B
may produce an area that looks darker than the other areas
(which will be referred to herein as a “domain line DL2”)
parallel to this edge portion EG2.

[0126] Inthe sameway, inan edge portion EG3 of one edge
of the pixel electrode, to which the liquid crystal domain C is
located close, the azimuthal direction e3 that is perpendicular
to the edge portion EG3 and that points toward the inside of
the pixel electrode defines an angle greater than 90 degrees
with respect to the tilt direction t3 of the liquid crystal
domain, and misalignment occurs in that area. As a result,
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when a voltage is applied thereto, the liquid crystal domain C
may produce an area that looks darker than the other areas
(which will be referred to herein as a “domain line DL3”)
parallel to this edge portion EG3.

[0127] Inthe sameway,inan edge portion EG4 of one edge
of the pixel electrode, to which the liquid crystal domain D is
located close, the azimuthal direction e4 that is perpendicular
to the edge portion EG4 and that points toward the inside of
the pixel electrode defines an angle greater than 90 degrees
with respect to the tilt direction t4 of the liquid crystal
domain, and misalignment occurs in that area. As a result,
when a voltage is applied thereto, the liquid crystal domain D
may produce an area that looks darker than the other areas
(which will be referred to herein as a “domain line DL4™)
parallel to this edge portion EG4.

[0128] If the horizontal direction on a display screen (i.e.,
the three o’clock direction) has an azimuthal angle of zero
degrees, the tilt directions t1, 2, t3 and t4 are an approxi-
mately 225 degree direction (liquid crystal domain A), an
approximately 315 degree direction (liquid crystal domain
B), an approximately 45 degree direction (liquid crystal
domain C) and an approximately 135 degree direction (liquid
crystal domain D), respectively. The liquid crystal domains A,
B, Cand Dare arranged such that the tilt directions of any two
adjacent ones of the liquid crystal domains define an angle of
approximately 90 degrees between them. The angle defined
by any of the tilt directions t1, 2,13 and t4 of the liquid crystal
domains A, B, Cand D withrespect to anassociated one of the
azimuth angle components el, €2, €3 and e4 of the anchoring
forces produced by the oblique electric fields at the nearby
edge portions EG1, EG2, EG3 and EG4 is approximately 135
degrees.

[0129] The dark areas (i.e., the domain lines DL1 through
DL4) that are produced parallel to the edge portions EG1,
EG2, EG3 and EG4, respectively, within the pixel region 10
deteriorate the viewing angle characteristic as will be
described later. Thus, by providing opaque portions that can
selectively shield at least respective parts of these edge por-
tions EG1 through EG4 from incoming light, the deteriora-
tion of the viewing angle characteristic can be minimized.
[0130] As used herein, “to shield an edge portion from
incoming light” means shielding not only the edge portion
EG1, EG2, EG3 or EG4 but also its associated dark area (i.e.,
the domain line DL1, DL2, DL3 or DL4) produced near the
edge portion in the pixel region from incoming light. The
location of each domain line (i.e., the distance from its asso-
ciated edge portion of the pixel electrode) is changeable with
the dimensions of the pixel electrode, for example. Typically,
however, the opaque portion may be arranged so as to shield
a range that reaches approximately 10 um to 20 pm from any
edge portion of the pixel electrode from incoming light. Also,
“an opaque portion for selectively shielding an area from
incoming light” means that the opaque portion is provided to
shield only that area selectively from incoming light. Never-
theless, there is no need to isolate such an opaque portion for
selectively shielding an area from incoming light from the
other opaque portions. To minimize the deterioration in view-
ing angle characteristic, the opaque portions are preferably
arranged so as to shield all of the domain lines from incoming
light. However, the presence of the opaque portions would
decrease the optical efficiency (represented by the effective
aperture ratio of a pixel). If an opaque portion that shields at
least a part of an edge portion (including a domain line pro-
duced around there) from incoming light is provided, then the
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deterioration in viewing angle characteristic can be lightened
at least to that degree. That is why the portions to shield from
incoming light may be determined so as to strike an adequate
balance between the required performance of the LCD and
the optical efficiency to achieve.

[0131] Typically, an opaque portion is arranged so as to
shield an edge portion and a domain line, which is produced
near the edge portion in the pixel region, from incoming light.
However, if the pixel aperture ratio should be given a higher
priority than the viewing angle characteristic to strike a
proper balance between them, only a part or all of the domain
line may be shielded from incoming light without shielding
the edge portion in order to reduce the area of the opaque
portion. In most of the embodiments to be described below,
the edge portion and all of the domain line are supposed to be
shielded from incoming light. However, in any of those
embodiments, the viewing angle characteristic can be
improved by providing an opaque portion that selectively
shields at least a portion of the domain line.

[0132] A method of dividing a pixel region into these four
liquid crystal domains A through D (i.e., the arrangement of
the liquid crystal domains in the pixel region) is not limited to
the example illustrated in FIG. 1. Alternative alignment divi-
sion methods (or alternative arrangements of liquid crystal
domains) will be described with reference to FIGS. 2 through
5.

[0133] FIG. 2(a) shows a method of dividing the pixel
region 10 shown in FIG. 1. More specifically, the pretilt
directions PA1 and PA2 defined by the alignment film of a
TFT substrate (i.e., the lower substrate), the pretilt directions
PB1 and PB2 defined by the alignment film of a color filter
(CF) substrate (i.e., the upper substrate), the tilt directions
defined responsive to the application of a voltage to the liquid
crystal layer, and areas that look dark due to misalignment
(i.e., domain lines DL1 through DL4) are shown in FIG. 2(a).
Those areas are not so-called “disclination lines”. These
drawings schematically indicate the orientation directions of
liquid crystal molecules as viewed by the viewer and show
that the liquid crystal molecules are tilted such that the ellip-
tical end of each cylindrical liquid crystal molecule points
toward the viewer.

[0134] By conducting an alignment treatment so as to
achieve the alignment state shown in FIG. 2(a), the pixel
region 10 can be defined. Specifically, the alignment treat-
ment is conducted so as to divide the pixel region close to the
TFT substrate into two and to define the pretilt directions PAL
and PA2 that are antiparallel to the vertical alignment film. In
this embodiment, a photo-alignment treatment is carried out
by irradiating the liquid crystal layer with an ultraviolet ray
obliquely that has come from the direction pointed by the
arrows. The alignment treatment is also conducted so as to
divide the pixel region close to the CF substrate into two and
to define the pretilt directions PB1 and PB2 that are antipar-
allel to the vertical alignment film. By attaching these sub-
strates together, a multi-domain structure can be defined in
the pixel region 10. In the photo-alignment treatment, the
light does not have to come from the directions indicated
above. Alternatively, the pixel region on the CF substrate may
be irradiated with a light ray that has come from a direction
that is tilted with respect to the vertical direction (i.e., the
column direction) and the pixel region on the TFT substrate
may be irradiated with a light ray that has come from a
direction that is tilted with respect to the horizontal direction
(i.e., the row direction).
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[0135] As already described with reference to FIG. 1, the
domain lines DL1, DL2, DL3 and DL4 are produced in the
liquid crystal domains A, B, C and D parallel to the edge
portions EG1, EG2, EG3 and EG4, respectively. The sum of
the lengths of these four domain lines DI1 through DI 4 will
be an approximately half of the overall length of the four
edges of'the pixel electrode. The edge portions EG1 and EG3
(with the domain lines DL1 and DL3) are parallel to the
vertical direction, while the edge portions EG2 and EG4 (with
the domain lines DL2 and DL4) are parallel to the horizontal
direction.

[0136] As shown in FIG. 2(a), a dark line is also observed
in the boundary area of each of the liquid crystal domains A
through D, which is adjacent to another one of the liquid
crystal domains A through D, as indicated by the dashed line
CL1. As will be described later, the crossed dark lines formed
around the center of the pixel region are not always misalign-
ment and do not have to be shielded on purpose. However, if
an opaque member needs to be arranged within the pixel
region, the opaque member is preferably arranged to hide
these dark lines because the effective aperture ratio of the
pixel (i.e., the optical efficiency) can be increased in that case.
[0137] Alternatively, by attaching together the TFT and CF
substrates that have been subjected to the alignment treatment
as shown in FIG. 2(b), a multi-domain structure can be
defined for a pixel region 20. This pixel region 20 also
includes four liquid crystal domains A, B, C and D. The tilt
directions of the liquid crystal domains A through D are the
same as those of the liquid crystal domains of the pixel region
10 shown in FIG. 1.

[0138] The domain lines DL1, DL2, DL3 and DL4 are
produced in the liquid crystal domains A, B, C and D parallel
to the edge portions EG1, EG2, EG3 and EG4, respectively.
The sum of the lengths of these four domain lines DL1
through DL4 will be an approximately half of the overall
length of the four edges of the pixel electrode. The edge
portions EG1 and EG3 (with the domain lines DL1 and DL3)
are parallel to the horizontal direction, while the edge por-
tions EG2 and EG4 (with the domain lines DL2 and D1 4) are
parallel to the vertical direction. As shown in FIG. 2(b), a dark
line is also observed in the boundary area of each of the liquid
crystal domains A through D, which is adjacent to another one
of the liquid crystal domains A through D, as indicated by the
dashed line CL1. These dark lines are produced in the shape
of a cross around the center of the pixel region.

[0139] Alternatively, by attaching together the TFT and CF
substrates that have been subjected to the alignment treatment
as shown in FIG. 3(a), a multi-domain structure can be
defined for a pixel region 30. This pixel region 30 also
includes four liquid crystal domains A, B, C and D. The tilt
directions of the liquid crystal domains A through D are the
same as those of the liquid crystal domains of the pixel region
10 shown in FIG. 1.

[0140] The tilt directions t1 and t3 of the liquid crystal
domains A and C do not point toward any edge portions of the
pixel electrode, and therefore, no domain lines are produced
in these liquid crystal domains. On the other hand, the tilt
directions 2 and t4 of the liquid crystal domains B and D
point toward their associated edge portions of the pixel elec-
trode and define an angle greater than 90 degrees with respect
to azimuthal directions that are perpendicular to the edge
portions and that point toward the inside of the pixel elec-
trode. As a result, domain lines DL.2 and DL4 are produced.
Each ofthe domain lines DI.2 and DIL4 includes a portion (H)
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that is parallel to the horizontal direction and a portion (V)
that is parallel to the vertical direction. That is to say, each of
the tilt directions 2 and t4 defines an angle greater than 90
degrees with respect to both an azimuthal direction that is
perpendicular to an edge portion of the horizontal edge and
that points toward the inside of the pixel electrode and an
azimuthal direction that is perpendicular to an edge portion of
the vertical edge and that points toward the inside of the pixel
electrode. Consequently, domain lines are produced in both
of the two directions. As shown in F1G. 3(a), adark line is also
observed in the boundary area of each of the liquid crystal
domains A through D, which is adjacent to another one of the
liquid crystal domains A through D, as indicated by the
dashed line CL1. These dark lines are produced in the shape
of a cross around the center of the pixel region.

[0141] Alternatively, by attaching together the TFT and CF
substrates that have been subjected to the alignment treatment
as shown in FIG. 3(b), a multi-domain structure can be
defined for a pixel region 40. This pixel region 40 also
includes four liquid crystal domains A, B, C and D. The tilt
directions of the liquid crystal domains A through D are the
same as those of the liquid crystal domains of the pixel region
10 shown in FI1G. 1.

[0142] The tilt directions t1 and t3 of the liquid crystal
domains A and C point toward their associated edge portions
of the pixel electrode and define an angle greater than 90
degrees with respect to azimuthal directions that are perpen-
dicular to the edge portions and that point toward the inside of
the pixel electrode. As aresult, domain lines DL.1 and D3 are
produced. Each of the domain lines DL1 and DL3 includes a
portion DL1(H) or DL3(H) that is parallel to the horizontal
direction and a portion DL1(V) or DL3(V) that is parallel to
the vertical direction. That is to say, each of the tilt directions
t1 and t3 defines an angle greater than 90 degrees with respect
to both an azimuthal direction that is perpendicular to an edge
portion of the horizontal edge and that points toward the
inside of the pixel electrode and an azimuthal direction that is
perpendicular to an edge portion of the vertical edge and that
points toward the inside of the pixel electrode. Consequently,
domain lines are produced in both of the two directions. On
the other hand, the tilt directions 12 and t4 of the liquid crystal
domains B and D do not point toward any edge portions of the
pixel electrode, and therefore, no domain lines are produced
in these liquid crystal domains. As shown in FIG. 3(d), a dark
line is also observed in the boundary area of each of the liquid
crystal domains A through D, which is adjacent to another one
of the liquid crystal domains A through D, as indicated by the
dashed line CL1. These dark lines are produced in the shape
of a cross around the center of the pixel region.

[0143] Alternatively, by attaching together the TFT and CF
substrates that have been subjected to the alignment treatment
as shown in FIG. 4(a), a multi-domain structure can be
defined for a pixel region 50. This pixel region 50 also
includes four liquid crystal domains A, B, C and D. The tilt
directions of the liquid crystal domains A through D are the
same as those of the liquid crystal domains of the pixel region
10 shown in FIG. 1.

[0144] The tilt directions tl, 12, t3 and t4 of all of these
liquid crystal domains A, B, C and D point toward their
associated edge portions of the pixel electrode and define an
angle greater than 90 degrees with respect to azimuthal direc-
tions that are perpendicular to the edge portions and that point
toward the inside of the pixel electrode. As a result, domain
lines DL1 DL2, DL3 and DL4 are produced. Each of the
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domain lines DL1 through DL4 includes a portion DL1(H),
DL2(H), DL3(H) or DL4(H) that is parallel to the horizontal
direction and a portion DL1(V), DL2(v), DL3(V) or DL4(V)
that is parallel to the vertical direction. That is to say, each of
the tilt directions t1 through t4 defines an angle greater than
90 degrees with respect to both an azimuthal direction that is
perpendicular to an edge portion of the horizontal edge and
that points toward the inside of the pixel electrode and an
azimuthal direction that is perpendicular to an edge portion of
the vertical edge and that points toward the inside of the pixel
electrode. Consequently, domain lines are produced in both
ofthe two directions. As shown in FIG. 4(a), a dark line is also
observed in the boundary area of each of the liquid crystal
domains A through D, which is adjacent to another one of the
liquid crystal domains A through D, as indicated by the
dashed line CL1. These dark lines are produced in the shape
of a cross around the center of the pixel region.

[0145] Alternatively, by attaching together the TFT and CF
substrates that have been subjected to thealignment treatment
as shown in FIG. 4(b), a multi-domain structure can be
defined for a pixel region 60. This pixel region 60 also
includes four liquid crystal domains A, B, C and D. The tilt
directions of the liquid crystal domains A through D are the
same as those of the liquid crystal domains of the pixel region
10 shown in FI1G. 1.

[0146] None of the tilt directions t1, t2, t3 and t4 of the
liquid crystal domains A through D point toward any edge
portions of the pixel electrode, and therefore, no domain lines
are produced at all in these liquid crystal domains. A dark line
is also observed in the boundary area of each of the liquid
crystal domains A through D, whichis adjacent to another one
of the liquid crystal domains A through D, as indicated by the
dashed line CL1. These dark lines are produced in the shape
of a cross around the center of the pixel region.

[0147] In each of the four-domain structures described
above, four liquid crystal domains are arranged in two col-
umns and two rows to define a matrix pattern. However, the
present invention is in no way limited to that specific embodi-
ment. Alternatively, the four liquid crystal domains may be
arranged in line in a predetermined direction as shown in
FIGS. 5(a) and 5(b), in which the liquid crystal domains are
arranged in line in the column direction.

[0148] Thepixel region 70 shown in FIG. 5(a)also includes
four liquid crystal domains A, B, C and D. The tilt directions
of the liquid crystal domains A through D are the same as
those of the liquid crystal domains of the pixel region 10
shown in FIG. 1. The tilt directions t1, 12, t3 and t4 of all of
these liquid crystal domains A, B, C and D point toward their
associated edge portions of the pixel electrode and define an
angle greater than 90 degrees with respect to azimuthal direc-
tions that are perpendicular to the edge portions and that point
toward the inside of the pixel electrode. As a result, domain
lines DL1, DL2, DL3 and DL4 are produced. All of these
domain lines DL1 through DL4 are parallel to the vertical
direction (i.e., the direction in which the liquid crystal
domains are arranged). A dark line is also observed in the
boundary area of each of the liquid crystal domains A through
D, which is adjacent to another one of the liquid crystal
domains A through D. These dark lines are produced hori-
zontally (i.e., perpendicularly to the direction in which the
liquid crystal domains are arranged) around the center of the
pixel region.

[0149] On the other hand., in the pixel region 80 shown in
FIG. 5(b), the tilt directions of the four liquid crystal domains
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A", B', C' and D' are 90 degrees, 180 degrees, 0 degrees and
270 degrees, respectively, as shown in that drawing. The
domain lines DL1' and DL4' of the liquid crystal domains A'
and D' are parallel to the horizontal direction. And the domain
lines DL2' and DL3' are parallel to the vertical direction. A
dark line is also observed in the boundary area of each of the
liquid crystal domains A' through D', which is adjacent to
another one of the liquid crystal domains A' through D'. These
dark lines are produced horizontally (i.e., perpendicularly to
the direction in which the liquid crystal domains are
arranged) around the center of the pixel region. If the tilt
directions are defined in this manner, the polarizers are pref-
erably arranged such that their transmission axes define
angles of +45 degrees with respect to the horizontal direction.
[0150] Next, it will be described with reference to FIGS. 6
through 9 how domain lines are produced near the edge
portions of a pixel electrode and how dark lines are produced
(in the shape of a cross as shown in FIG. 2, for example)
around the center of the pixel region. FIGS. 6 through 9 are
cross sectional views of a pixel region of a liquid crystal
display device, showing the equipotential curve of an electric
field created in the liquid crystal layer 3, the orientation
directions of liquid crystal molecules 3a in the layer, and the
relative (front) transmittance thereof, which were figured out
by simulations.

[0151] This liquid crystal display device includes a TFT
substrate 1 including a transparent substrate (e.g., a glass
substrate) 1a and a pixel electrode 11 on the transparent
substrate 1a, a CF substrate 2 including a transparent sub-
strate (e.g., a glass substrate) 24 and a counter electrode 12 on
the transparent substrate 2a, and a vertical alignment liquid
crystal layer 3 interposed between the TFT and CF substrates
1 and 2. A vertical alignment film (not shown) is provided on
each ofthe TFT and CF substrates 1and 2 so as to contact with
the liquid crystal layer 3. The liquid crystal layer is subjected
to an alignment treatment so as to have the pretilt directions
controlled as indicated by the arrows, arrowheads and arrow
tails in FIGS. 6 t0 9.

[0152] First, referring to FIG. 6, illustrated is a cross sec-
tional view of the left half of the pixel region 20 shown in FIG.
2(b), including an edge portion of the liquid crystal domain D
with the domain line D14, as viewed on a plane defined by an
azimuth angle of zero degrees. It can be seen that at an edge
portion of the pixel electrode 11 shown in FIG. 6, liquid
crystal molecules 3a (with atilt angle of 135 degrees), located
around the center of a plane of the liquid crystal domain and
approximately at the middle of the thickness thereof, are
gradually twisted toward the edge portion of the pixel elec-
trode under the anchoring force (defined by an azimuthal
direction of zero degrees) of an oblique electric field gener-
ated in the edge portion of the pixel electrode 11. In this
example, the twist angle is 135 degrees, which is greater than
90 degrees. That is why due to a variation in retardation in this
twisting region of the liquid crystal layer, the relative trans-
mittance varies in a complicated manner as shown in FIG. 6,
thereby producing a domain line in which the relative trans-
mittance becomes local minimum within the pixel region
(i.e., inside of the edge of the pixel electrode). That region
with the local minimum transmittance as indicated by the
dotted squarein F1G. 6 corresponds to the domain line DL4 in
the liquid crystal domain D shown in FIG. 2(5).

[0153] On the other hand, in another edge portion of the
pixel electrode in which no domain line is produced as shown
in FIG. 7, the twist angle of the liquid crystal molecules (i.e.,
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the difference in tilt direction between the liquid crystal mol-
ecules located around the center of the liquid crystal domain
and the liquid crystal molecules, of which the alignment is
controlled by an oblique electric field that has been generated
in the edge portion of the pixel electrode 11) is 90 degrees or
less. And the relative transmittance decreases monotonically
from the central portion of the pixel region toward the end
thereof and reaches its local minimum outside of the pixel
region (i.e., at the left end of FIG. 7), not inside of the pixel
region. FIG. 7 is a cross-sectional view of the lower halfof the
pixel region 20 shown in FIG. 2(5), including another edge
portion of the liquid crystal domain D without the domain line
DL4, as viewed on a plane defined by an azimuth angle of 90
degrees.

[0154] Meanwhile, as shown in FIGS. 8 and 9, the liquid
crystal molecules also have a twist angle of 90 degrees or less
in the boundary area in which two liquid crystal domains are
adjacent to each other within the pixel region. Thus, the
relative transmittance also changes simply and reaches a local
minimum value there. FIG. 8 is a cross-sectional view of the
liquid crystal domains D and A shown in F1G. 2(b), including
the boundary area between them, as viewed on a plane defined
by an azimuth angle of zero degrees. FIG. 9 is a cross-sec-
tional view of the liquid crystal domains B and A shown in
FIG. 4(b), including the boundary area between them, as
viewed on a plane defined by an azimuth angle of zero
degrees.

[0155] FIG. 10 shows the distributions of transmission
intensities in a situation where the pixel region 10 is viewed
from the direction defined by an azimuth angle of 45 degrees.
The four graphs of FIG. 10 show the distributions of trans-
mission intensities on the four planes I, II, IIT and IV, respec-
tively. Also, each of these graphs shows results in three view-
ing directions defined by polar angles of zero degrees (i.e.,
front direction), 45 degrees and 60 degrees, respectively.
[0156] It can be seen that in the domain lines appearing at
the left end of Graph , at the right end of Graph I, at the right
end of Graph I11, and at the left end of Graph [V, the behavior
of the transmission intensity changes significantly according
to the polar angle (particularly in Graph III). That is to say, the
location with the minimum transmission intensity changes
with the polar angle. For example, the transmission intensity
in the front viewing direction (defined by a polar angle of zero
degrees) is local minimum, whereas the transmission inten-
sities at the polar angles of 45 and 60 degrees are local
maximum. If the transmission intensity changes according to
the polar angle in this manner, the viewing angle character-
istic deteriorates. Among other things, the viewing angle
dependence of y characteristic deteriorates significantly to
cause a phenomenon called “whitening”.

[0157] By providing opaque portions that can selectively
shield at least respective portions of the domain lines, pro-
duced in the edge portions of the pixel electrode, from incom-
ing light, such deterioration in viewing angle characteristic
can be reduced. Also, those domain lines are produced in the
edge portions when the tilt directions of the liquid crystal
molecules around the center of the liquid crystal layer are
defined as described above with respect to the edges of the
electrode. That is why the domain lines may also be produced
in a normal pixel region with no multi-domain structures. For
that reason, to minimize the deterioration in viewing angle
characteristic due to the production of domain lines in the
edge portions of the pixel electrode, such opaque portions for
selectively shielding at least respective portions of the domain
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lines are preferably provided, no matter whether the multi-
domain structure should be formed or not.

[0158] The dark lines formed around the center of the pixel
region (e.g., crossed lines CL1) are not always misalignment
and do not have to be shielded on purpose. However, if an
opaque member needs to be arranged within the pixel region,
the opaque member is preferably arranged to hide these dark
lines because the effective aperture ratio of the pixel (i.e., the
optical efficiency) can be increased in that case.

[0159] Hereinafter, embodiments of opaque portions will
be described specifically. Each of the opaque portions to be
described below may be used either by itself or in combina-
tion with any other opaque portion.

[0160] A TFT LCD usually includes an opaque member.
For example, a TFT substrate includes a gate bus line, a
source bus line, a drain extension line and a storage capacitor
line (which will be referred to herein as a “CS bus line”). Also,
a CF substrate includes a black matrix to shield the surround-
ing areas of color filters that are arranged so as to overlap with
pixel regions. The opaque portions for selectively shielding at
least portions of the domain lines may be defined by using
these opaque members. Furthermore, to minimize the
decrease in optical efficiency caused by the opaque member
arranged within the pixel region, the opaque member is pref-
erably arranged so as to hide the dark area produced between
adjacent liquid crystal domains.

[0161] Hereinafter, an exemplary pixel structure for a lig-
uid crystal display device according to the present invention
will be described. In the drawings, any pair of components
shown in multiple drawings and having substantially the
same function is identified by the same reference numeral.
And once a component has been described, the description of
its counterpart will be omitted herein to avoid redundancies.
Also, in a number of pixels that are arranged in columns and
rows s0 as to form a matrix pattern, the structure of a pixel
located at an intersection between an m” row and an n”
column will be described. It should be noted that a row cor-
responds to an arrangement of pixels along a gate bus line (or
scan line), while a column corresponds to an arrangement of
pixels along a source bus line (or signal line). Typically, rows
are defined in the horizontal direction on the display screen,
while columns in the vertical direction on the display screen.

[0162] The opaque portions may be defined by using at
least portions of the source bus line 114, the CS bus line 113,
the drain extension line 117 and the gate bus line 112 as
shown in FIG. 11, for example. In the following description,
an m™ gate bus line 112 will be referred to herein as a “gate
bus line 112(m)” and an n” source bus line 114 will be

referred to herein as a “gate bus line 114(n)”.

[0163] The pixel region shown in FIG. 11 illustrates a sub-
pixel with the multipixel structure disclosed in Japanese
Patent Application Laid-Open Publication No. 2004-62146.
The following description will be focused on the structure of
the upper one of the two subpixel regions that has the subpixel
electrode 111a.

[0164] The sub-pixel electrode 111a is connected to the
drain electrode 116D of the TFT 116 and is arranged so as to
partially overlap with the source bus line 114, the gate bus line
112 and the CS bus line 113 with an interlayer dielectric film
(not shown) of resin interposed between them. Also, at the
center of the sub-pixel electrode 1114, a storage capacitor CS
is formed by an extended portion 117E of the drain extension
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line 117, an extended portion 113E of the CS bus line 113 and
an insulating layer (e.g., a gate insulating layer) between
them.

[0165] The multipixel structure shown in FIG. 11 has the
following features.

[0166] The conventional pixel electrode is divided into two
subpixel electrodes, which are connected to the same source
bus line 114 by way of their associated TFT's 116a and 1165
(i.e., two TFTs in total). The ON and OFF states of the two
TFTs 1164 and 1164 are controlled through the common gate
bus line 112. The two TFTs 1164 and 1165 share a semicon-
ductor layer 116m, a source electrode 116S, and a gate elec-
trode (gate bus line 112) in common. And the respective drain
electrodes 116D of the two TFTs are electrically connected to
their associated subpixel electrodes. The drain electrode
116D of the TFT 1164 and the subpixel electrode 111a are
electrically connected together by connecting the drain exten-
sion line 117, extending from the drain electrode 116D, to the
subpixel electrode 111¢ in a contact hole 119 that has been cut
through an interlayer dielectric film (which is not shown in
FIG. 11 but is identified by the reference numeral 1184 in
FIG. 15).

[0167] Each subpixel electrode (which is the upper sub-
pixel electrode 111a in FIG. 11 with the lower subpixel elec-
trode not shown there), the liquid crystal layer, and a counter
electrode (common electrode) that faces these electrodes with
the liquid crystal layer interposed between them form a liquid
crystal capacitor. Storage capacitors CS are formed electri-
cally in parallel with the liquid crystal capacitors associated
with the respective subpixel regions. As for the upper sub-
pixel, one of the two electrodes that form the storage capacitor
(i.e., the storage capacitor electrode) is defined by the
extended portion 117E of the drain extension line 117 that is
connected to the drain 116D of the same TFT 1164 as the
subpixel electrode 111qa, while the other electrode (i.e., the
storage capacitor counter electrode) is defined by the
extended portion 113E of the CS bus line 113 provided for the
upper subpixel. Likewise, as for the lower subpixel, one of the
two electrodes that form the storage capacitor (i.e., the stor-
age capacitor electrode) is defined by the extended portion
(not shown) of the drain extension line (not shown) that is
connected to the drain (not shown) of the same TFT 1165 as
the lower subpixel electrode (not shown), while the other
electrode (i.e., the storage capacitor counter electrode) is
defined by the extended portion (not shown) of the CS bus line
(not shown) provided for the lower subpixel.

[0168] The CS bus lines 113 are provided electrically inde-
pendently of each other for the two subpixels. For example, if
the storage capacitor counter voltage supplied to the storage
capacitor belonging to one subpixel through the CS bus line
113 rises after the TFT 1164 has been turned OFF, the storage
capacitor counter voltage supplied to the storage capacitor
belonging to the other subpixel through the CS bus line 113
falls after the TFT 1164 has been turned OFF. If (the magni-
tudes and/or the directions of) the storage capacitor counter
voltages of the storage capacitors belonging to the respective
subpixels are changed differently after their associated TFTs
have been turned OFF, different effective voltages will be
applied to the respective liquid crystal layers of the two sub-
pixels. As a result, the two subpixels can present two different
luminances (one of which is relatively high and the other of
which is relatively low) with respect to the display signal
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voltage supplied through the source bus line 114. Conse-
quently, the viewing angle dependence of the y characteristic
can be reduced.

[0169] The sub-pixel region shown in FIG. 11 has a multi-
domain structure similar to that of the pixel region 10
described above. That is to say, domain lines are produced
near the edge portions EG1, EG2, EG3 and EG4 of the sub-
pixel electrode and crossed dark lines are produced at the
center of the sub-pixel region.

[0170] The opaque portions for selectively shielding at
least portions of the domain lines produced near the edge
portions EG1 and EG3 may be formed by bending the source
bus line 114 in a direction that crosses its length direction (the
vertical direction), i.e., toward the sub-pixel electrode.
Optionally, the opaque portions may also be formed by
locally increasing the width of the source bus line 114. How-
ever, the opaque portions are preferably formed by bending
the source bus line because the stray capacitance might
increase if the source bus line had an increased width.
[0171] The domain line produced in the edge portion EG2
may be shielded by increasing the width of overlap between
the edge portion of the sub-pixel electrode 111a and the gate
bus line 112. The overlap width may be increased either by
partially increasing the width of the sub-pixel electrode 111a
or the gate bus line 112 (e.g., by providing the broadened
portion 111E of the subpixel electrode 111a shown in FIG.
11) or by bending the gate bus line 112 in a direction that
crosses its length direction (i.e., the horizontal direction).
[0172] The domain line produced in the edge portion EG4
may be shielded by increasing the width of overlap between
the edge portion of the sub-pixel electrode 111a and the CS
bus line 113. The overlap width may be increased either by
partially increasing the width of the sub-pixel electrode 111a
or the CS bus line 113 (e.g., by providing the broadened
portion 113A of the CS bus line 113 shown in FIG. 11) or by
bending the CS bus line 113 in a direction that crosses its
length direction (i.e., the horizontal direction).

[0173] The opaque portions for selectively shielding at
least portions of the dark areas produced in the boundary
areas between the liquid crystal domains may be formed by
respective extended portions 113e and 113E of the CS bus
line 13 and the drain extension line 117 and its extended
portion 117E. By using the storage capacitor CS in the pixel
as an opaque portion in this manner, the extra decrease in
optical efficiency can be minimized.

[0174] Alternatively, the CS bus line 13 may have not only
the extended portions 113e and 113E for shielding the crossed
dark lines at the center of the pixel region but also additional
extended portions 113E1 and 113E2 for shielding the domain
lines produced in the edge portions EG1 and EG2, respec-
tively, as shown in FIG. 12.

[0175] If a multi-domain structure similar to that of the
pixel region 30 shown in FIG. 3(a) is formed for the sub-pixel
region, then the arrangement shown in FIG. 13 may be
adopted, for example.

[0176] Specifically, the domain line (DL4(H) shown in
FIG. 3(a)) produced in the horizontal part of the edge portion
EG4 may be shielded by increasing the width of overlap
between the CS bus line 13 and the sub-pixel electrode 111a.
The width of overlap can be increased by partially increasing
the width of the sub-pixel electrode 111a such that an
extended portion 111E1 is formed. On the other hand, the
domain line (DL2(H) shown in FIG. 3(a)) produced in the
horizontal part of the edge portion EG2 may be shielded by
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increasing the width of overlap between the gate bus line 112
and the sub-pixel electrode 111a. The width of overlap can be
increased by partially increasing the width of the sub-pixel
electrode 111a such that an extended portion 111E2 is
formed. The vertical parts of the edge portions EG2 and EG4
(DL2(V)and DL4(V) shown in FIG. 3(a)) may be shielded by
the bent portions of the source bus line 114 as in the example
described above.

[0177] If a multi-domain structure similar to that of the
pixel region 10 is adopted, the opaque portions for shielding
the dark areas produced in the boundary areas between the
liquid crystal domains may be defined by the extended por-
tions 117E and 117E' of the drain extension line 117 as shown
in FIG. 14. The extended portion 117E faces the CS bus line
113 to form a storage capacitor.

[0178] FIG. 15 is a cross-sectional view of the structure
shown in FIG. 14 as viewed on the plane 15A-15A" shown in
FIG. 14. As shown in F1G. 15, the drain extension line 117 and
the gate bus line 112 interpose a gate insulating film 115
between them. Thus, leakage is less likely to be produced
between the drain extension line 117 and the gate bus line 112
because these belong to two separate layers. A normal pixel
with no multipixel structure is illustrated in FIG. 14. When
this arrangement is applied to a multipixel structure, even ifa
CS bus line is arranged in place of the gate bus line 112 in the
upper part of FIG. 14, the opaque portion may also be formed
to hide the central cross lines by the extended portions 117E
and 117E' of the drain extension line 117 as shown in F1G. 14,
t00. The CS bus line 113 is made of the same conductive layer
(which is typically a metal layer) as the gate bus line 112. That
1s why leakage is less likely to be produced between the drain
extension line 117 and the CS bus line 113. That is to say, the
vertical part of the opaque portion to form the cross and the
horizontal part of the opaque portion to shield the horizontal
edge portion are preferably made of two different layers. By
adopting such an arrangement, the leakage failures can be
reduced compared to the configuration disclosed in FIG. 60 of
Patent Document No. 1.

[0179] In the pixel structure shown in FIG. 15, a relatively
thick interlayer dielectric film 118« of a photosensitive resin,
for example, is interposed between the pixel electrode 111
and the source bus line 114. That is why even if the pixel
electrode 111 (or the subpixel electrode 111a) and the source
bus line 114 (and the gate bus line 112) are stacked one upon
the other as shown in FIG. 14, the capacitance produced
between the pixel electrode 111 and the source bus line 114
can be reduced sufficiently. Consequently, the voltage at the
pixel electrode 111 never varies due to the voltage (i.e., signal
voltage) on the source bus line 114 by way of the capacitance.
That is to say, by adopting the pixel structure shown in FIG.
15 in which the pixel electrode 111 and the source bus line
114 are stacked one upon the other, the aperture ratio of the
pixel can be increased.

[0180] Alternatively, the domain lines produced in the edge
portions and the crossed dark lines produced around the cen-
ter of the pixel region may be shielded by the extended portion
113e of the CS bus line 113 as shown in FIGS. 16 and 17. In
the arrangement illustrated in FIGS. 16 and 17, a relatively
thin interlayer dielectric film 1185 of an inorganic material
such as SiIN, for example, is provided between the pixel
electrode 111 and the source bus line 114. In this arrange-
ment, to prevent the voltage at the pixel electrode 111 from
being affected by the voltage (i.e., signal voltage) on the
source bus line 114, the pixel electrode 111 and the bus lines
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are arranged so as not to overlap each other. This arrangement
does not contribute to increasing the aperture ratio of a pixel
but can simply the manufacturing process because a relatively
thin inorganic insulating film can be used as the interlayer
dielectric film 118.

[0181] As another alternative, the domain lines produced in
the edge portions and the crossed dark lines produced around
the center of the pixel region may also be shielded by extend-
ing the drain extension line 117 as shownin F1G. 18. Since the
drain extension line 117 belongs to a different layer from that
of the gate bus line 112 and the CS bus line 113 as described
above, leakage failures are less likely to occur between them.
A sub-pixel region with a multipixel structure is illustrated in
FIG. 18. However, this structure is equally applicable for use
in a normal pixel region, too.

[0182] Ineach ofthe examples described above, the opaque
portions are defined by using the opaque members arranged
on the TFT substrate. If necessary, however, part or all of the
opaque portions may be located on the CF substrate. For
example, opaque portions with relatively broad widths (e.g.,
the opaque portions for shielding the domain lines produced
in the edge portions parallel to the vertical direction and the
opaque portion for shielding the crossed dark lines produced
around the center of the pixel region) may be defined by the
black matrix layer 132 on the CF substrate as shown in FIG.
19. In this example, the horizontally extending portion of the
crossed dark lines around the center of the pixel is supposed
to be shielded entirely by the extended portion 132E of the
black matrix layer 132. Alternatively, part of that portion may
be shielded by the black matrix layer 132 and the other part
may be shielded by the drain extension line 117. Still alter-
natively, any of the shielding structures and this arrangement
may be combined appropriately.

[0183] Optionally, as shown in FIGS. 20 and 21, the
crossed dark lines around the center may be shielded by the
drain extension line 117 and the domain lines in the edge
portions may be shielded by the extended portion 113E1 of
the CS bus line 113 and the extended portion 112E of the gate
bus line 112. As for the pixel region shown in FIGS. 20 and
21, only one subpixel of the multipixel structure disclosed in
Japanese Patent Application Laid-Open Publication No.
2004-62146 is shown. However, this arrangement can be
equally applied to a normal pixel region, too. Also, in the
subpixel region shown in FIGS. 20 and 21, the four liquid
crystal domains shown in FIG. 3(a) are produced.

[0184] In the subpixel region shown in FIGS. 20 and 21,
there is a drain extension line 117 that is connected to the
drain 116D of the TFT 116a, thereby shielding the crossed
dark lines around the center of the subpixel region. A gate bus
line extended portion 112E is also provided so as to branch
from the gate bus line 112 and to include a part that faces the
drain extension line 117 connected to the TFT 116 with an
insulating layer (which is typically a gate insulating film)
interposed between them. That part of the extended portion
112E of the gate bus line 112 that faces the drain extension
line 117 produces a capacitor 124a. This capacitor 124a is a
component of the gate-drain capacitance Cgd of the TFT in
the subpixel region, and will be referred to herein as a “Cgd
compensating capacitor 124a”.

[0185] In the example shown in FIG. 20, the lower end
portion of the drain extension line 117 overlaps with the
extended portion 112E of the gate bus line 112. That is why if
the drain extension line 117 has misaligned vertically, the Cgd
compensating capacitor 124a will have its capacitance value
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varied. In a portion of the TFT 116 where a Cgd parasitic
capacitor 122a is formed, the lower end portion of the drain
extension line 117 (i.e., the drain electrode 116D) overlaps
with the gate electrode (i.e., a portion of the gate bus line 112
in this example). That is why if the drain extension line 117
(drain electrode 116D) has misaligned vertically, the Cgd
parasitic capacitor 122a will have its capacitance value var-
ied.

[0186] On the other hand, in the example shown in FIG. 21,
the right end portion of the drain extension line 117 overlaps
with the extended portion 112E of the gate bus line 112. That
is why if the drain extension line 117 has misaligned horizon-
tally, the Cgd compensating capacitor 124a will have its
capacitance value varied. Ina portion of the TFT 116 where a
Cgd parasitic capacitor 122a is formed, the left end portion of
the drain extension line 117 (i.e., the drain electrode 116D)
overlaps with the gate electrode 116G (i.e., a portion branch-
ing from the gate bus line 116 in this example). That is why if
the drain extension line 117 (drain electrode 116D) has mis-
aligned horizontally, the Cgd parasitic capacitor 122a will
have its capacitance value varied. The right end portion of the
drain extension line 117 that forms the Cgd compensating
capacitor 124a and the left end portion of the drain extension
line 117 that forms the Cgd parasitic capacitor 122a are
located on opposite sides horizontally. Thatis why if the drain
extension line 117 (drain electrode 116D) has misaligned
horizontally, one of the Cgd compensating capacitor 122a
and the Cgd parasitic capacitor 124a increases its capacitance
value but the other capacitor decreases its capacitance value.
For that reason, if the drain extension line 117 has substan-
tially equal widths at the right and left ends thereof, the sum
of the Cgd capacitances (=the Cgd parasitic capacitance of
the TFT portion+the Cgd compensating capacitance) can be
kept constant even when the drain extension line 117 mis-
aligns horizontally.

[0187] Inthe subpixel region shownin FIGS. 20 and 21, the
four liquid crystal domains shown in FI1G. 3(a) are produced.
That is why as in the arrangement shown in FIG. 13, opaque
portions for selectively shielding the domain lines DI.2 (in-
cluding DL2(H) and DL2(V)) and the domain lines DL4
(including DIL4(H) and DI4(V)) are preferably formed. In
addition, a central opaque portion for selectively shielding the
boundary regions (i.e., CL1 in FIG. 3(a)) where each of the
four liquid crystal domains is adjacent to another one is also
preferably provided.

[0188] In this example, the extended portion 112E of the
gate bus line 112 provided in the subpixel region forms at
least a part of the opaque portion for shielding DL.2(V) shown
in FIG. 3(a). Also, at least a part of the opaque portion for
shielding DL4(V) in the subpixel region shown in FIG. 3(a) is
defined by the extended portion 113E1 of the CS bus line 113.
On the other hand, the domain line DL4(H) shown in FIG.
3(a) is shielded by increasing the width of the overlapping
portion between the CS bus line 113 and the subpixel elec-
trode 1114 with the extended portion 111E1 defined by par-
tially increasing the width of the subpixel electrode 111a
(upward in this example). In addition, the extended portion
117E of the drain extension line 117 is provided in a region
including the extended portion 111E1 of the subpixel elec-
trode 111a, thereby forming a storage capacitor CS and con-
tributing to shielding the edge portion EG4. Meanwhile, DL2
(H) shown in FIG. 3(a) is shielded by increasing the width of
the overlapping portion between the gate bus line 112 and the
subpixel electrode 111a with the extended portion 111E2
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formed by partially increasing the width of the subpixel elec-
trode 111a (e.g., downward in this example).

[0189] Also, in the LCD manufacturing process of the
embodiment described above, at least the substrate with the
opaque portions is preferably irradiated with light (typically
an ultraviolet ray) for the purpose of photo-alignment treat-
ment. The opaque portions described above are provided in
areas where misalignment may arise in the multi-domain
structure. That is why if the opaque portions were provided
for the other substrate to face the substrate that has been
irradiated with light to define the multi-domain structure, then
an alignment error should be considered when those sub-
strates are attached together and the size of the opaque por-
tions should be increased excessively, which is not beneficial.
Also, the substrate is preferably irradiated with light that has
come from a direction in which the light is not affected by the
unevenness on the surface of the substrate. For example, if the
CF substrate is irradiated with light, the light preferably
comes from the column direction. Then, no shadow areas
would be produced by the black matrix that is arranged
between the rows.

[0190] (Intersection)

[0191] The present inventors discovered that at the inter-
sections OD between the domain lines produced in the edge
portions and the boundary areas between adjacent liquid crys-
tal domains, the liquid crystal molecules had particularly
inconsistent orientations and noticeably low response speeds
as shown in FIG. 22. For that reason, in an application that
pays much attention to moving picture display performance,
those areas surrounding the intersections OD where the liquid
crystal molecules have inconsistent orientations are prefer-
ably shielded.

[0192] Those intersections OD are preferably shielded by
providing extensions TR1, TR2, TR3 and TR4 that protrude
out of the opaque portions for shielding the domain lines
produced in the edge portions and the opaque portions for
shielding the boundary area between adjacent liquid crystal
domains as shown in FIG. 23. Specifically, the extensions
TR1 and TR3 are extended from the CS bus line extended
portion 113E, the extension TR2 is extended from the gate
bus line 112, and the extension TR4 is extended from the CS
bus line 113. If necessary, it is naturally possible to shield
only the intersections OD selectively. The extensions TR1
through TR4 shown in FIG. 22 have an almost triangular
shape. However, the extensions may have any other shape as
long as the optical efficiency (or aperture ratio) does not
decrease unnecessarily. In view of this consideration, the
extensions preferably have such a triangular shape as shown
in FIG. 21.

[0193] (Partial Shielding)

[0194] Theliquid crystal display device of the embodiment
described above includes opaque portions for shielding edge
portions with domain lines substantially entirely. However,
the present invention is in no way limited to that specific
embodiment. To minimize the deterioration in viewing angle
characteristic, the opaque portions are preferably arranged so
as to shield the domain lines from incoming light entirely as
described above. If the opaque portions were present, how-
ever, the optical efficiency (i.e., the effective aperture ratio of
apixel) would decrease. That is why the edge portions may be
shielded partially to strike an adequate balance between the
viewing angle characteristic and the optical efficiency.
[0195] Particularly if an arrangement in which the pixel
electrode does not overlap with the source bus line as viewed
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perpendicularly to the substrate (see the cross-sectional view
shown in FIG. 17, for example) is adopted, the pixel aperture
ratio decreases. For that reason, to avoid a significant
decrease in pixel aperture ratio, the opaque areas are prefer-
ably as small as possible. If arelatively thick interlayer dielec-
tric film 118 of a photosensitive resin, for example, is inter-
posed between the pixel electrode 111 and the source bus line
114 as shown in FIG. 15, the capacitance produced between
the pixel electrode 111 (or the subpixel electrode 111a) and
the source bus line 114 (and the gate bus line 112) can be
reduced sufficiently even when the pixel electrode 111 (or the
subpixel electrode 111a) overlaps with the source bus line
114 (and the gate bus line 112) as shown in FIGS. 14, 18, 19
and 21. That is why the voltage at the pixel electrode 111 (or
the subpixel electrode 111a) is not affected by the voltage
(i.e., signal voltage) on the source bus line 114 by way of this
capacitance. Consequently, by overlapping the pixel elec-
trode 111 (or the subpixel electrode 1114) and the source bus
line 114 (and the gate bus line 112) each other, the pixel
aperture ratio can be increased.

[0196] On the other hand, if an arrangement in which the
pixel electrode 111 does not overlap with the source bus line
114 (and the gate bus line 112) is adopted as shown in the
cross-sectional view of FIG. 17, then a relatively thin inor-
ganic insulating film of SiN,, for example, may be used as the
interlayer dielectric film 1185. As a result, the manufacturing
process can be simplified, which is advantageous. However, if
such an arrangement in which the pixel electrode 111 does not
overlap with the source bus line 114 is adopted, the pixel
aperture ratio will decrease. For that reason, to achieve a
sufficient display luminance, the opaque portions are prefer-
ably as small as possible.

[0197] Hereinafter, exemplary arrangements for shielding
only portions of the domain lines produced in the vicinity of
the edge portions of a pixel electrode and only portions of the
crossed dark lines produced around the center of a pixel
region will be described with reference to FIGS. 24 and 25,
which show the upper subpixel region of a pixel with a mul-
tipixel structure. The multi-domain structure of the upper
subpixel region is the same as the four-domain structure
shown in FIG. 1.

[0198] In the example illustrated in FIG. 24, all of the
domain lines DL1 and DL4 shown in FIG. 2(a), part of the
domain line DL3, and the vertical one of the central dark lines
CL1 are shielded, but the domain line D12 and the horizontal
one of the central dark lines CL1 are not shielded. In the
following description, the vertical one of the central crossed
dark lines will be identified herein by CL1 while the horizon-
tal dark line by CL.2 as shown in FIG. 26.

[0199] The lower half of the opaque portion for selectively
shielding CL1 is defined by the drain extension line 117 and
the upper half thereof is defined by the extended portion
113A3 of the CS bus line 113. The other opaque portions are
defined by the extended portions 113A1, 113A2 and 113A4
of the CS bus line 113. Specifically, the extended portion
113A1 of the CS bus line 113 is a broadened portion of the CS
bus line 113 and the edge portion EG4 is shielded by increas-
ing the width of the overlapping portion with the subpixel
electrode 111a. The extended portion 113A2 of the CS bus
line 113 shields the edge portion EG1 and the extended por-
tion 113A4 of the CS bus line 113 shields approximately a
half of the edge portion EG3. The extended portion 113A4 is
extended from the CS bus line 113 by way of another
extended portion 113A4'. In the edge portion where the
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extended portion 113A4' is arranged, no domain line has been
produced. That is why the extended portion 113A4' has a
narrow width.

[0200] It should be noted that the extended portion 113A3
of the CS bus line 113 and the drain extension line 117 overlap
each other at their ends with an insulating film (such as a gate
insulating film) interposed between them, thus forming a
storage capacitor CS. Where this storage capacitor CS is
formed, there is a contact hole (not shown) and the subpixel
electrode 111a is connected to the drain extension line 117.
Likewise, parts of the extended portions 113A1, 1113A2,
113A4' and 113A4 of the CSbus line 113 that overlap with the
subpixel electrode 1114 also function as parts of the storage
capacitor.

[0201] The example shown in FIG. 25 is different from the
example shown in FIG. 24 in that the CS bus line 113 includes
another extended portion 113A5 for further shielding the
horizontal one CL2 of the central dark lines. The extended
portion 113A5 of the CS bus line 113 has been formed so as
to connect the extended portions 113A3 and 113 A4 together.
This extended portion 113A5 of the CS bus line 113 also
contributes to forming a storage capacitor. If the opaque por-
tions are defined by these extended portions 113A1 through
113A5 of the CS bus line 113 in this manner, the dimensions
of the respective extended portions are defined with the influ-
ence on the capacitance value on the storage capacitor CS
taken into consideration.

[0202] In a situation where the central crossed dark lines
are all shielded as shown in FIG. 25, even if misalignment has
occurred in the photolithographic process step to define a
multi-domain structure, the variation in the areas of the four
liquid crystal domains (see the liquid crystal domains A
through D shown in FIG. 1) can be minimized. Specifically, as
already described with reference to FIG. 2(a), if the photo-
mask has misaligned in a photolithographic process step to
form a multi-domain structure, then the areas of the liquid
crystal domains A through D will vary from the predeter-
mined values. In that case, if the opaque portions are provided
to shield the crossed dark lines at the boundary between the
liquid crystal domains and if the boundary between the liquid
crystal domains that has actually been defined as a result of
the misalignment falls within the width of the opaque por-
tions, then the areas of the portions of the liquid crystal
domains A through D that contribute to the display operation
will not vary from their predetermined values. As described
above, the areas of the liquid crystal domains A through D are
preferably substantially equalized with each other to achieve
a sufficiently good viewing angle characteristic.

[0203] Ifthe opaque portions should be omitted if possible
to achieve a sufficiently high luminance and if each pixel (or
subpixel) has a vertically elongated shape, an opaque portion
for shielding the horizontally extending dark line CL2 in the
central crossed dark lines is preferably omitted and an opaque
portion for shielding the dark line CL1 extending vertically
(i.e., in the longitudinal direction) is preferably provided as
shown in FIG. 24. By providing such a vertically extending
opaque portion, even if the photomask has misaligned, the
variation in viewing angle characteristic can be reduced. This
point will be described with reference to FIGS. 26(a) through
26(c).

[0204] FIGS. 26(a) through 26(c) schematically illustrate
elongated pixels with dimensions of 210 um>x140 um. The
multi-domain structure thereof is the four-domain structure
with the liquid crystal domains A through D shown in FIG. 1.
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In each of FIGS. 26(a) through 26(c), a pixel in a left-side
region (which will be referred to herein as an “L region™) of
the liquid crystal panel is shown on the left-hand side, while
apixel in a right-side region (which will be referred to herein
as an “R region”) of the liquid crystal panel is shown on the
right-hand side. These drawings schematically illustrate situ-
ations where in the manufacturing process of this liquid crys-
tal panel, the right and left halves of the liquid crystal panel
are irradiated with light separately in the photo-alignment
treatment due to its huge size, for example, and where the
photomask has misaligned in the opposite directions either
vertically or horizontally on the right and left halves. In FIGS.
26(a) through 26(c), the dashed lines are boundaries that
divide each pixel into four domains.

[0205] Inthisexample, the pixels 10A1 and 10A2 shown in
FIG. 26(a) include only a vertical opaque portion 21, while
the pixels 10B1 and 10B2 shown in FIG. 26(4) include only a
horizontal opaque portion 22. The vertical and horizontal
opaque portions 21 and 22 both have a width of 5 um. And the
pixels 10C1 and 10C2 shown in FIG. 26(c) have no central
opaque portions at all. The magnitude of misalignment is +5
pm. In the left-side region, the photomask has misaligned 5
um rightward and 5 um upward. On the other hand, in the
right-side region, the photomask has misaligned 5 um left-
ward and 5 pm downward.

[0206] The following Table 1 shows the area ratios of the
liquid crystal domains A through D in the respective pixels
shown in FIGS. 26(a) through 26(c) (respectively corre-
sponding to a through ¢ in Table 1). It should be noted that the
area ratios of the respective liquid crystal domains are shown
with the widths of the dark lines CL1 and CL.2 not taken into
account and with the area of the pixel minus the area of the
portion to be shielded by the opaque portion supposed to be
one,

TABLE 1

Area ratios of respective domains

A B C D Total
al region 0.2469 02716 02293 0.2522 1
aR region 0.2522 02293 02716  0.2469 1
bL region 0.2613 02744 02265 02378 1
bR region 0.2378 02265 02744 0.2613 1
cL region 0.2551 02806 02211 0.2432 1
cR region 0.2432 02211 02806  0.2551 1
[0207] On the other hand, the following Table 2 shows the

ratios of the luminance of the pixel in the right-side region to
that of the pixel in the left-side region when the screen is
viewed at a polar angle of 50 degrees (i.e., so as to define an
angle of 50 degrees with respect to a normal to the display
screen) in an azimuthal direction of 0 degrees (i.e., the hori-
zontal direction and three o’clock direction on a clock face)
and in an azimuthal direction of 90 degrees (i.e., the vertical
direction and twelve o’clock direction on a clock face). Table
2 also shows the increase in the luminance of the pixel in the
right-side region with respect to that of the pixel in the left-
side region.
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TABLE 2

R region luminance/L region
luminance

Increase in luminance of R region
to that of L region

Azimuth of 0°  Azimuth of90°  Azimuth of 0°  Azimuth of 90°
a 1.100 0.929 +9.98% -7.13%
b 1.050 0.867 +5.00% -13.31%
c 1.100 0.867 +9.98% -13.31%
[0208] In the example shown in FIG. 26(c) in which no

central opaque portions are provided (corresponding to ¢ in
Tables 1 and 2), the difference in luminance between the
pixels in the right and left-side regions is greater than 10% at
the azinmuth of 90 degrees. As a result, a seam of the light
radiated (representing the boundary between the right- and
left-side regions) is visible.

[0209] Inthe example shown in FIG. 26(5) in which only a
horizontal opaque portion is provided (corresponding to b in
Tables 1 and 2), the difference in luminance between the
pixels in the right- and lefi-side regions is as small as 5% at an
azimuth of O degrees but is greater than 10% at the azimuth of
90 degrees. As a result, a seam of the light radiated is also
perceptible.

[0210] On the other hand, in the example shown in FIG.
26(a) in which only a vertical opaque portion is provided
(corresponding to a in Tables 1 and 2), the difference in
luminance between the pixels in the right- and left-side
regions is less than 10% at both of the azimuths of 0 degrees
and 90 degrees. As a result, a seam of the light radiated is
hardly noticeable.

[0211] As a result of a subjective perception test, the
present inventors confirmed that the seam was hardly percep-
tible if the difference in luminance between the pixels in the
right- and left-side regions was within 10%. Thus, by adopt-
ing the arrangement shown in FIG. 26(a), the seam of the light
radiated can be imperceptible even if the misalignment has
occurred.

[0212] Ifonly portions of the domain lines produced in the
vicinity of the edge portions of the pixel electrode and only
portions of the central dark lines in the pixel region need to be
shielded, the opaque portions are preferably provided such
that the difference in luminance becomes 10% or less under
the conditions described above even when misalignment
occurs as just described with reference to FIG. 26.

[0213] In the examples described above, the opaque por-
tions are provided in most cases to shield the edge portions
and the domain lines produced near the edge portions within
the pixel region. However, if the pixel aperture ratio should be
given a higher priority to strike an adequate balance between
the pixel aperture ratio and the viewing angle characteristic,
an arrangement for shielding part or all of the domain lines
without shielding the edge portions may also be adopted. For
instance, in the examples shown in FIGS. 20 and 21, not all of
the edge portions and domain lines need to be shielded so that
there is a non-shielded region between the extended portion
113E1 of the CS bus line 113 or the extended portion 112E1
of the gate bus line 112 and the source bus line 114. Also, in
the examples shown in FIGS. 20 and 21, a structure in which
the source bus line 114 (and the gate bus line 112) and the
subpixel electrode 111a overlap each other is adopted to
achieve a high aperture ratio. However, if a structure in which
the source bus line 114 (and the gate bus line 112) and the
subpixel electrode 111a do not overlap each other is adopted,
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the opaque portion for shielding the edges of the subpixel
electrode 111a may be omitted.

[0214] (Pretilt Angle and Locations of Domain Lines)
[0215] The domain lines are produced in the edge portions
due to the inconsistent orientations of liquid crystal mol-
ecules as already described in detail with reference to FIGS.
6 through 9. That is why the locations of the domain lines and
the distances of the domain lines from the edges of the pixel
electrode also depend on the pretilt angle.

[0216] Hereinafter, it will be described with reference to
FIGS. 27(a) and 27(b) how the locations of the domain lines
change according to the pretilt angle. The pixel region 10D
shown in FIG. 27(a) includes two subpixel regions 10Da and
10Db, while the pixel region 10E shown in FIG. 27(d)
includes two subpixel regions 10Ea and 10Eb. Each of these
subpixel regions has the four-domain structure consisting of
the four liquid crystal domains A through D shown in FIG. 1.
FIGS. 27(a) and 27(d) schematically illustrate an opaque
portion 23 and the domain lines DL1 through DL4 and the
central dark lines CL1 and CL.2 that are produced in the two
apertures (corresponding to the subpixel regions). Specifi-
cally, the pixel region shown in FIG. 27(a) has a liquid crystal
layer with a pretilt angle of 87.5 degrees, while the pixel
region shown in FIG. 27(5) has a liquid crystal layer with a
pretilt angle of 89.0 degrees.

[0217] As schematically shown in FIG. 27(a), in the pixel
region 10D with the pretilt angle of 87.5 degrees, a part of the
domain line DL4 is seen in the subpixel region 10Da and a
part of the domain line DL2 is seen in the subpixel region
10Db.

[0218] On the other hand, in the pixel region 10E with the
pretilt angle of 89.0 degrees as schematically shown in FIG.
27(b), almost all of the domain line DL4 and parts of the
domain lines DL1 and DL3 are seen in the subpixel region
10Ea, while almost all of the domain line DL.2 and parts of the
domain lines DL1 and DL3 are seen in the subpixel region
10Eb.

[0219] As can be seen, as the pretilt angle nears 90 degrees,
the locations of the domain lines DL1 through DL4 shift
inward in the pixel region. In that case, if the domain lines
DL1 through DL4 were shielded, the pixel aperture ratio
would decrease significantly. For that reason, to achieve a
sufficiently high pixel aperture ratio (luminance), the pretilt
angle is preferably decreased.

[0220] Nevertheless, the more the pretilt angle is decreased
from 90 degrees, the higher the luminance in the black display
state (i.e., the lower the quality of the black display) and the
lower the contrast ratio. That is why the pretilt angle is pref-
erably set so as to strike an adequate balance between the
luminance and the contrast ratio.

[0221] FIG. 28 is a graph showing how the transmittance
(or luminance) changes with the pretilt angle, while FIG. 29
is a graph showing how the contrast ratio changes with the
pretilt angle. In these graphs, the ordinate is normalized with
the value associated with a pretilt angle of 89 degrees.
[0222] Considering the results shown in FIGS. 28 and 29, a
pretilt angle range in which the luminance and the contrast
ratio are both satisfactory would be from 86.0 degrees
through 89.0 degrees.

[0223] As described above, the viewing angle characteris-
tic can be improved by providing opaque portions for shield-
ing at least portions of the domain lines produced in the pixel
edge portions and/or at least portions of the central dark lines.
However, the portions to shield may be determined appropri-
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ately so as to maintain a harmonious balance between the
viewing angle characteristic and the luminance or the contrast
ratio.

[0224] The multi-domain structure applicable to the liquid
crystal display device of the present invention is not limited to
that specifically described above but may also be any of the
multi-domain structures that have been described with refer-
ence to FIGS. 2 through 5. Therefore, opaque portions for
shielding at least portions of the domain lines produced in the
edge portions and at least portions of the boundary areas at the
center of the pixel region (or subpixel region) where liquid
crystal domains are adjacent to each other may be formed by
using at least partially at least one line to be selected from the
group consisting of the gate bus line, source bus line, drain
extension line, CS bus line, extended portion of the gate bus
line and extended portion of the CS line on the TFT substrate
according to the type of the multi-domain structure applied.
Also, if necessary, a black matrix (BM) on the counter sub-
strate (i.e., color filter substrate) may be used as well. The
shielding structures could be easily modified or combined
according to the type ofthe specific multi-domain structure in
various manners other than those specifically described above
as embodiments of the present invention.

INDUSTRIAL APPLICABILITY

[0225] A liquid crystal display device according to the
present invention can be used effectively as a TV monitor or
in any other application that requires high display quality.

1. (canceled)

2. A liquid crystal display device comprising:

a vertical alignment liquid crystal layer;

a first substrate and a second substrate, which face each
other with the liquid crystal layer interposed between
them;

a first electrode, which is arranged on the first substrate so
as to face the liquid crystal layer;

a second electrode, which is arranged on the second sub-
strate so as to face the liquid crystal layer; and

at least one alignment film, which is arranged in contact
with the liquid crystal layer,

wherein a pixel region includes a first liquid crystal domain
in which liquid crystal molecules are tilted in a prede-
termined first direction around the center of a plane, and
approximately at the middle of the thickness, of the
liquid crystal layer in response to a voltage applied, and

wherein the first liquid crystal domain is located close to at
least a part of an edge of the first electrode, the part
including a first edge portion in which an azimuthal
direction that is perpendicular to the part and that points
toward the inside of the first electrode defines an angle
greater than 90 degrees with respect to the first direction,
and

wherein either the first substrate or the second substrate has
an opaque member that includes a first opaque portion
for selectively shielding at least a part of the first edge
portion from incoming light, and

wherein the pixel region further includes second, third and
fourth liquid crystal domains in which liquid crystal
molecules are tilted in second, third and fourth direc-
tions, respectively, around the center of the plane, and
approximately at the middle of the thickness, of the
liquid crystal layer in response to the voltage applied, the
first, second, third and fourth directions being defined
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such that an angle formed between a two of the four
directions is approximately equal to an integral multiple
of 90 degrees, and

wherein the second liquid crystal domain is located close to

at least a part of another edge of the first electrode, the
part including a second edge portion in which an azi-
muthal direction that is perpendicular to the part and that
points toward the inside of the first electrode defines an
angle greater than 90 degrees with respect to the second
direction, and

wherein the third liquid crystal domain is located close to at

least a part of still another edge of the first electrode, the
part including a third edge portion in which an azimuthal
direction that is perpendicular to the part and that points
toward the inside of the first electrode defines an angle
greater than 90 degrees with respect to the third direc-
tion, and

wherein the fourth liquid crystal domain is located close to

at least a part of yet another edge of the first electrode,
the part including a fourth edge portion in which an
azimuthal direction that is perpendicular to the part and
that points toward the inside of the first electrode defines
an angle greater than 90 degrees with respect to the
fourth direction, and

wherein the opaque member further includes second, third

and fourth opaque portions for selectively shielding at

least a part of the second, third and fourth edge portions,

respectively, from incoming light, and

wherein the first, second, third and fourth liquid crystal
domains are arranged such that the tilt directions of
any two adjacent ones of the liquid crystal domains
define an angle of approximately 90 degrees between
them.

3. (canceled)

4. (canceled)

5. The liquid crystal display device of claim 2, wherein if
the horizontal direction of a display screen has an azimuthal
angle of zero degrees, the first, second, third and fourth direc-
tions are an approximately 225 degree direction, an approxi-
mately 315 degree direction, an approximately 45 degree
direction and an approximately 135 degree direction, respec-
tively, and

wherein the first and third edge portions are parallel to a

vertical direction and the second and fourth edge por-
tions are parallel to the horizontal direction.

6. The liquid crystal display device of claim 2, wherein if
the horizontal direction of a display screen has an azimuthal
angle of zero degrees, the first, second, third and fourth direc-
tions are an approximately 225 degree direction, an approxi-
mately 315 degree direction, an approximately 45 degree
direction and an approximately 135 degree direction, respec-
tively, and

wherein the first and third edge portions are parallel to the

horizontal direction and the second and fourth edge por-
tions are parallel to a vertical direction.

7. The liquid crystal display device of claim 2, wherein if
the horizontal direction of a display screen has an azimuthal
angle of zero degrees, the first, second, third and fourth direc-
tions are an approximately 225 degree direction, an approxi-
mately 315 degree direction, an approximately 45 degree
direction and an approximately 135 degree direction, respec-
tively, and
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wherein each of the first, second, third and fourth edge
portions includes a first part that is parallel to the hori-
zontal direction and a second part that is parallel to a
vertical direction.

8-13. (canceled)

14. The liquid crystal display device of claim 2, wherein
the first substrate further includes a TFT, a gate bus line, a
source bus line, a drain extension line, and a storage capacitor
line, and

wherein one of the first, second, third, fourth, central and

another opaque portions is defined by at least a portion of
at least one line selected from the group consisting of the
gate bus line, the source bus line, the drain extension
line, and the storage capacitor line.

15. The liquid crystal display device of claim 14, wherein
the at least one line has a portion that is bent or broadened in
a direction that crosses its length direction, and

wherein the at least the portion of the at least one line

includes at least a part of the bent or broadened portion.

16. The liquid crystal display device of claim 14, wherein
the first substrate further includes a gate bus line extended
portion that branches from the gate bus line, and

wherein one of the first, second, third and fourth opaque

portions includes at least a part of the gate bus line
extended portion, and

wherein the gate bus line extended portion includes a part

that is opposed to the drain extension line with an insu-
lating layer interposed between them.

17. The liquid crystal display device of claim 2, wherein
the second substrate further includes a black matrix layer, and

wherein one of the first, second, third, fourth, central and

another opaque portions is defined by a portion of the
black matrix layer.

18. The liquid crystal display device of claim 2, further
comprising two polarizers, which are arranged so as to face
each other with the liquid crystal layer interposed between
them and to have their transmission axes crossed at right
angles,

wherein the first, second, third and fourth directions define

an angle of approximately 45 degrees with respect to the
transmission axes of the two polarizers.

19. The liquid crystal display device of claim 2, wherein
the vertical alignment liquid crystal layer includes a liquid
crystal material with negative dielectric anisotropy, and

wherein the at least one alignment film includes two align-

ment films that are arranged so as to sandwich the liquid
crystal layer between them, respective pretilt directions
defined by the two alignment films being different from
each other by approximately 90 degrees.

20. The liquid crystal display device of claim 2, wherein
the at least one alignment film includes two alignment films
that are arranged so as to sandwich the liquid crystal layer
between them, and

wherein respective pretilt angles defined by the two align-

ment films are substantially equal to each other.

21. The liquid crystal display device of claim 2, wherein
the at least one alignment film is a photo-alignment film.

22-35. (canceled)
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