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(54) LIQUID CRYSTAL DISPLAY DEVICE
(57)  Inthe liquid crystal display device of this inven-
tion, each pixel region has first, second, third and fourth
liquid crystal domains that define first, second, third and
fourth predetermined tilt directions, respectively, in re-
sponse to a voltage applied. The first through fourth di-
rections are defined such that an angle formed between
any two of the four is approximately equal to an integral
multiple of 90 degrees. The first through fourth liquid crys-
tal domains are arranged in two columns and two rows
to define a matrix pattern and to be adjacent to each
other. A drain extension line defines at least a part of a
central opaque portion that selectively shields a bound-
ary area, where each of the first, second, third and fourth
liquid crystal domains contacts with another one of them,
fromincoming light. Atleast one islanded opaque portion,
made of the same layer as a gate bus line, has a portion
that overlaps with the drain extension line with a gate
insulating film interposed between them. Thus, a VA
mode liquid crystal display device with excellent display
quality can be provided.
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Description

TECHNICAL FIELD

[0001] The presentinvention generally relates to a lig-
uid crystal display device and more particularly relates
toaliquid 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, forexample. As aresult of those researches
and developments, 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 for a
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 characteristic. An MVA mode is often adopted as
a method of forming such a multi-domain structure. Spe-
cifically, according to the MVA mode, an alignment con-
trol structure is provided 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 do-
mains with mutually different alignment directions (i.e.,
tilt directions), the number of which is typically 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] Ifaslitoraribis adopted, however, the anchor-
ing force will be applied onto liquid crystal molecules non-
uniformly 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 conven-
tional 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 orribs, the brightness of the screen will decrease,
too.

Patent Document No. 1: Japanese Patent Applica-
tion Laid-Open Publication No. 11-133429
Patent Document No. 2: Japanese Patent Applica-
tion Laid-Open Publication No. 11-352486

10

15

20

25

30

35

40

45

50

55

DISCLOSURE OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] To avoid such a problem, the multi-domain
structure is preferably formed by defining the pretilt di-
rections with an alignment film for a VA mode LCD, too.
Thus, the present inventors discovered and confirmed
via experiments that a unique misalignment occurs in a
VA mode LCD and affects its display quality.

[0006] Even in a conventional LCD in which the multi-
domain structure is formed using an alignment film, a
technique of providing an opaque portion for cutting the
light that has been transmitted through an area with mis-
alignment to minimize the deterioration in display quality
due to the misalignment is also known (see Patent Doc-
ument No. 1, for example).

[0007] 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 predeter-
mined value (i.e., an area thatlooks brighter when viewed
straight than an area where liquid crystal molecules are
aligned normally) due to a misalignment such as a re-
verse tilt in a TN mode LCD, for example. However, the
present inventors discovered 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 mole-
cules were aligned normally.

[0008] In order to 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

[0009] 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 inter-
posed between them; afirst 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 produces a dark area,
which looks darker than a gray scale level being present-
ed for a viewer located in front of the device, inside of,
and substantially parallel to, an edge portion of the first
electrode. Either the first substrate or the second sub-
strate 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.

[0010] Another liquid crystal display device according
to the present invention includes: a vertical alignment
liquid crystal layer; a first substrate and a second sub-
strate, which face each other with the liquid crystal layer
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interposed between them; a first electrode, which is ar-
ranged on the first substrate so as to face the liquid crystal
layer; a second electrode, which is arranged on the sec-
ond 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 thick-
ness, 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 direc-
tion thatis 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 selective-
ly shielding at least a part of the first edge portion from
incoming light.

[0011] In one preferred embodiment, the pixel region
further includes second, third and fourth liquid crystal do-
mains in which liquid crystal molecules are tilted in sec-
ond, 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
anintegral multiple of 90 degrees. The second liquid crys-
tal domain is located close to at least a part of another
edge of the first electrode, and the partincludes a second
edge portion in which an azimuthal direction that is per-
pendicular 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 in-
cludes athird 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 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 direc-
tion. The opagque 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.

[0012] In this particular preferred 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 ap-
proximately 90 degrees between them.

[0013] In a specific preferred embodiment, if the hori-
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zontal direction of a display screen has an azimuthal an-
gle 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 direc-
tion.

[0014] In an alternative preferred 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 direc-
tion.

[0015] In another alternative preferred embodiment, if
the horizontal direction of a display screen has an azi-
muthal angle of zero degrees, the first, second, third and
fourth directions are an approximately 225 degree direc-
tion, an approximately 315 degree direction, an approx-
imately 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.

[0016] In another preferred embodiment, the pixel re-
gion further includes second, third and fourth liquid crys-
tal 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. The first and second
directions form an angle of approximately 180 degrees
between them. The second liquid crystal domain is lo-
cated 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 elec-
trode defines an angle greater than 90 degrees with re-
spectto the second direction. Each of the firstand 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 in-
cludes a second opaque portion for selectively shielding
at least a part of the second edge portion from incoming
light.

[0017] In a specific preferred embodiment, if the hori-
zontal direction on the display screen has an azimuthal
angle of zero degrees, the first direction is either an ap-
proximately 135 degree direction or an approximately
225 degree direction.
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[0018] In another preferred embodiment, if the hori-
zontal direction of a display screen has an azimuthal an-
gle 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 direc-
tion, 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.
[0019] Instillanother preferred embodiment, if the hor-
izontal 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.
[0020] In yet another preferred 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.

[0021] In yet another preferred 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 of the liquid
crystal domains, and one of the first, second, third and
fourth edge portions from incoming light.

[0022] In yet another preferred embodiment, the first
substrate furtherincludes a TFT, a gate busline, asource
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.

[0023] In this particular preferred embodiment, the at
least one line has a portion 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.

[0024] In yet another preferred embodiment, the sec-
ond 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.

[0025] Inyet another preferred embodiment, the liquid
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 ap-
proximately 45 degrees with respect to the transmission
axes of the two polarizers.

[0026] In yet another preferred embodiment, the ver-
tical alignment liquid crystal layer includes a liquid crystal
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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 be-
tween them. Respective pretilt directions defined by the
two alignment films are different from each other by ap-
proximately 90 degrees.

[0027] In yet another preferred embodiment, 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 angles defined by the
two alignment films are substantially equal to each other.
[0028] In yet another preferred embodiment, the at
least one alignment film is a photo-alignment film.
[0029] Still another liquid crystal display device ac-
cording to the present invention includes: a vertical align-
ment 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 con-
tact 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 cent-
er of a plane, and approximately at the middle of the
thickness, of the liquid crystal layer in response to a volt-
age 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. Each 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 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.

[0030] In one preferred embodiment, 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 per-
pendicular 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 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
greaterthan 90 degrees with respect to the third direction.
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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 direc-
tion.

[0031] Inanother preferred embodiment, the first, sec-
ond, third and fourth liquid crystal domains are arranged
in two rows and two columns so as to define a matrix
pattern.

[0032] In an alternative preferred embodiment, the
first, second, third and fourth liquid crystal domains are
arranged in line in a predetermined direction.

[0033] In still another preferred embodiment, the first
substrate furtherincludes a TFT, a gate busline, asource
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.
[0034] In this particular preferred embodiment, the at
least one line has a portion 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.

[0035] In yet another preferred embodiment, the sec-
ond substrate further includes a black matrix layer, and
the central opaque portion is defined by a portion of the
black matrix layer.

[0036] Inyetanother preferred embodiment, the liquid
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 ap-
proximately 45 degrees with respect to the transmission
axes of the two polarizers.

[0037] In yet another preferred embodiment, the ver-
tical 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 be-
tween them. Respective pretilt directions defined by the
two alignment films are different from each other by ap-
proximately 90 degrees.

[0038] In yet another preferred embodiment, the at
least one alignment film includes two alignment films that
are arranged so as to sandwich the liquid crystal layer
between them, and respective pretilt angles defined by
the two alignment films are substantially equal to each
other.

[0039] In yet another preferred embodiment, the at
least one alignment film is a photo-alignment film.
[0040] Yetanotherliquid crystal display device accord-
ing to the present invention includes: a vertical alignment
liquid crystal layer; a first substrate and a second sub-
strate, which face each other with the liquid crystal layer
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interposed between them; a first electrode, which is ar-
ranged on the first substrate so as to face the liquid crystal
layer; a second electrode, which is arranged on the sec-
ond 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
aplane, and approximately at the middle of the thickness,
of the liquid crystal layer in response to a voltage applied
between the first and second electrodes. The first, sec-
ond, 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, second, third and fourth liquid crystal domains
are arranged in two columns and two rows so as to define
a matrix pattern and to be adjacent to each other. The
first substrate includes a TFT, a gate bus line, a source
bus line, a drain extension line, a storage capacitor line,
and at least one islanded opaque portion, which is made
of the same layer as the gate bus line. At least a portion
of the drain extension line defines at least a part of a
central opaque portion that selectively shields a bound-
ary area, where each of the first, second, third and fourth
liquid crystal domains contacts with another one of the
liquid crystal domains, from incoming light. And the at
leastoneislanded opaque portion has a portion that over-
laps with the drain extension line with a gate insulating
film interposed between them.

[0041] Inone preferred embodiment, the first, second,
third and fourth liquid crystal domains include a liquid
crystal domain that produces a dark area, which looks
darker than a gray scale level being presented for a view-
er located in front of the device, inside of, and substan-
tially parallel to, an edge portion of the first electrode.
The at least one islanded opaque portion further includes
an edge shielding portion for selectively shielding at least
a part of the dark area from incoming light.

[0042] In this particular preferred embodiment, the
source bus line has a branched structure with multiple
branches, and the edge shielding portion further includes
a part that overlaps with one of the branches of the source
bus line with the gate insulating film interposed between
them.

[0043] Inanother preferred embodiment, 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 perpendic-
ular to the part and that points toward the inside of the
first electrode defines an angle greater than 90 degrees
with respectto thefirstdirection. The second liquid crystal
domain is located close to at least a part of another edge
of the first electrode. The part includes a second edge
portion in which an azimuthal direction that is perpendic-
ular 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 crys-
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tal domain is located close to at least a part of another
edge of the first electrode. The part includes a third edge
portion in which an azimuthal direction that is perpendic-
ular 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 another edge
of the first electrode. The part includes a fourth edge por-
tion 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 an-
other one of the liquid crystal domains. The at least one
islanded opaque portion includes an intersection area
shielding portion for shielding, from incoming light, an
area where the boundary area in which each of the first,
second, third and fourth liquid crystal domains is adjacent
to another one of the liquid crystal domains intersects
with any of the first, second, third and fourth edge por-
tions.

[0044] In a specific preferred embodiment, the source
bus line has a branched structure with multiple branches,
and the intersection area shielding portion further in-
cludes a part that overlaps with one of the branches of
the source bus line with the gate insulating film interposed
between them.

[0045] In yet another preferred embodiment, the first
substrate further includes an insulating layer, which is
arranged between the drain extension line and the first
electrode. The drain extension line includes an extended
portion that overlaps with the storage capacitor line with
the gate insulating film interposed between them. The
extended portion of the drain extension line is connected
to the first electrode at a contact hole that has been cut
through the insulating layer. The at least one islanded
opaque portion includes a repairing islanded opaque por-
tion that overlaps with a portion of the drain extension
line that leads from the TFT to the contact hole with the
gate insulating film interposed between them and that
has a broader width than the drain extension line.
[0046] Yetanotherliquid crystal display device accord-
ing to the present invention includes: a vertical alignment
liquid crystal layer; a first substrate and a second sub-
strate, which face each other with the liquid crystal layer
interposed between them; a first electrode, which is ar-
ranged on the first substrate so as to face the liquid crystal
layer; a second electrode, which is arranged on the sec-
ond 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
aplane, 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
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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 elec-
trode, 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 elec-
trode defines an angle greater than 90 degrees with re-
spect to the third direction. The fourth liquid crystal do-
main 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 perpendic-
ular 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, sec-
ond, third and fourth liquid crystal domains is adjacent to
another one of the liquid crystal domains. Either 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 do-
mains, and one of the first, second, third and fourth edge
portions from incoming light.

[0047] Inone preferred 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.

[0048] In a specific preferred embodiment, if the hori-
zontal direction of a display screen has an azimuthal an-
gle 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 direc-
tion.

[0049] In an alternative preferred 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



11 EP 2 051 133 A1 12

and fourth edge portions are parallel to a vertical direc-
tion.

[0050] In another alternative preferred embodiment, if
the horizontal direction of a display screen has an azi-
muthal angle of zero degrees, the first, second, third and
fourth directions are an approximately 90 degree direc-
tion, an approximately 180 degree direction, an approx-
imately 0 degree direction and an approximately 270 de-
greedirection, respectively. The first and fourth edge por-
tions are parallel to the horizontal direction and the sec-
ond and third edge portions are parallel to a vertical di-
rection.

[0051] In still another alternative preferred embodi-
ment, 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 de-
gree direction, an approximately 315 degree direction,
an approximately 45 degree direction and an approxi-
mately 135 degree direction, respectively. The first, sec-
ond, third and fourth edge portions are all parallel to a
vertical direction.

[0052] In yet another preferred embodiment, the
opaque portion is substantially triangular.

[0053] In yet another preferred 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 and fourth liquid crystal
domains, which is adjacent to another one of the liquid
crystal domains, from incoming light.

[0054] In yet another preferred embodiment, the first
substrate furtherincludes a TFT, a gate busline, asource
bus line, a drain extension line, and a storage capacitor
line. Either the opaque portion or the central opaque por-
tion 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 stor-
age capacitor line.

[0055] In yet another preferred embodiment, the sec-
ond 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.

[0056] Inyetanother preferred embodiment, the liquid
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 ap-
proximately 45 degrees with respect to the transmission
axes of the two polarizers.

[0057] In yet another preferred embodiment, the ver-
tical 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 sandwich the liquid crystal layer
between them. The pretilt direction defined by one of the
two alignment films is different from that defined by the
other alignment film by approximately 90 degrees.
[0058] In yet another preferred embodiment, the at
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least one alignment film includes two alignment films that
are arranged so as to sandwich the liquid crystal layer
between them, and respective pretilt angles defined by
the two alignment films are substantially equal to each
other.

[0059] In yet another preferred embodiment, the at
least one alignment film is a photo-alignment film.

EFFECTS OF THE INVENTION

[0060] According to the present invention, the display
quality of a VA mode liquid crystal display device can be
improved in terms of its viewing angle dependence, in
particular. 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

[0061]

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.
Portions (a) and (b) of FIG. 2 illustrate an exemplary
pixel region with a multi-domain structure in a VA
mode liquid crystal display device according to the
present invention.

Portions (a) and (b) of FIG. 3 illustrate another ex-
emplary pixel region with a multi-domain structure in
a VA mode liquid crystal display device according to
the present invention.

Portions (a) and (b) of FIG. 4 illustrate still another
exemplary pixel region with a multi-domain structure
in a VA mode liquid crystal display device according
to the present invention.

FIGS. 5(a) and 5(b) illustrate yet another exemplary
pixel region with a multi-domain structure in a VA
mode liquid crystal display device according to the
present invention.

FIG. 6 is 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 electric field created in the liquid crystal
layer, the orientation directions of liquid crystal mol-
ecules in the layer, and the transmittance thereof,
which were figured out by simulations.

FIG. 7 is 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 electric field created in the liquid crystal
layer, the orientation directions of liquid crystal mol-
ecules in the layer, and the transmittance thereof,
which were figured out by simulations.

FIG. 8 is a cross-sectional view of a pixel region of
a VA mode liquid crystal display device according to
the present invention, showing the equipotential
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curve of an electric field created in the liquid crystal
layer, the orientation directions of liquid crystal mol-
ecules in the layer, and the transmittance thereof,
which were figured out by simulations.

FIG. 9 is 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 electric field created in the liquid crystal
layer, the orientation directions of liquid crystal mol-
ecules in the layer, and the transmittance thereof,
which were figured out by simulations.

FIG. 10 is graphs showing the distributions of trans-
mission intensities in a situation where the pixel re-
gion shown in portion (a) of FIG. 2 is viewed from
the direction defined by an azimuth angle of 45 de-
grees.

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

FIG. 12 is a schematic representation illustrating an-
other exemplary pixel structure for a liquid crystal
display device according to the present invention.
FIG. 13 is a schematic representation illustrating still
another exemplary pixel structure for a liquid crystal
display device according to the present invention.
FIG. 14 is a schematic representation illustrating yet
another exemplary pixel structure for a liquid crystal
display device according to the present invention.
FIG. 15 is a cross-sectional view schematically illus-
trating the pixel structure shown in FIG. 14.

FIG. 16 is a schematic representation illustrating yet
another exemplary pixel structure for a liquid crystal
display device according to the present invention.
FIG. 17 is a cross-sectional view schematically illus-
trating the pixel structure shown in FIG. 16.

FIG. 18 is a schematic representation illustrating yet
another exemplary pixel structure for a liquid crystal
display device according to the present invention.
FIG. 19 is a schematic representation illustrating yet
another exemplary pixel structure for a liquid crystal
display device according to the present invention.
FIG. 20 is a schematic representation showing an-
other 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.

FIG. 21 is a schematic representation illustrating yet
another exemplary pixel structure for a liquid crystal
display device according to the present invention.
FIG. 22 is a schematic plan view illustrating still an-
other exemplary pixel structure, including islanded
opaque portions made of a gate metal layer, for a
liquid crystal display device according to the present
invention.

FIG. 23 is a schematic cross-sectional view of the
structure as viewed on the plane 23A-23A’ shown
in FIG. 22.

FIG. 24 is a schematic plan view illustrating yet an-
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other exemplary pixel structure, including islanded
opaque portions made of a gate metal layer, for a
liquid crystal display device according to the present
invention.

FIG. 25 is a schematic cross-sectional view of the
structure as viewed on the plane 25A-25A’ shown
in FIG. 24.

FIG. 26 is a schematic plan view illustrating yet an-
other exemplary pixel structure, including islanded
opaque portions made of a gate metal layer, for a
liquid crystal display device according to the present
invention.

DESCRIPTION OF REFERENCE NUMERALS
[0062]

1 TFT substrate

1a, 2a transparent substrate

2 CF substrate

3 liquid crystal layer

3a liquid crystal molecule

10 pixel region

11 pixel electrode

12 counter electrode

111 pixel electrode

111a subpixel electrode

111E broadened portion of pixel electrode or sub-
pixel electrode

112 gate bus line

113 CS bus line (storage capacitor line)

113E extended portion of CS bus line

114 source bus line

115 gate insulating film

116, 116a, 116b TFT

117 drain extension line

117B branch of drain extension line

117E extended portion of drain extension line
118a interlevel dielectric film (photosensitive resin
layer)

SD1 to SD4 edges of pixel electrode

EG1 to EG4 edge portions of pixel electrode

A to D liquid crystal domain

t1 to t4 tilt direction (reference alignment direction)
e1 to e4 azimuth direction that is perpendicular to
edge of pixel electrode and pointed inward in pixel
electrode

BEST MODE FOR CARRYING OUT THE INVENTION

[0063] Hereinafter, preferred embodiments of a 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 preferred embodiments.
According to the presentinvention, a liquid crystal display
device, including a vertical alignment liquid crystal layer
of which the pretilt direction is controlled by using at least
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one alignment film, has its display quality improved by
providing an opaque film where misalignment occurs.
[0064] The display quality is affected to different de-
grees 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 perform-
ance 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 sep-
arately. These three locations may be shielded independ-
ently of each other. Two or more of these locations may
be shielded in any arbitrary combination or all of them
may be shielded, too.

[0065] As used herein, the "vertical alignment liquid
crystal 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 an-
gle of approximately 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 polarizers 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 align-
ment, each of the two substrates is preferably provided
with an alignment film. In the preferred embodiment to
be described below, each of the two substrates is pro-
vided with a vertical alignment film. Also, since every mis-
alignment occurs within the multi-domain structure ex-
cept that occurring in an electrode edge portion, a four-
domain structure that realizes a particularly good viewing
angle characteristic will be described as an example. As
used herein, the "pixel" refers to a minimum unit for rep-
resenting 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 combination 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 mol-
ecules 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 rub-
bing treatment or a photo-alignment treatment. By chang-
ing 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 struc-
ture can be formed. The quadruple pixel region includes
four liquid crystal domains (which will be sometimes sim-
ply referred to herein as "domains"). Each of these liquid
crystal domains is characterized by the tilt direction of
liquid crystal molecules at the center of a plane of the
liquid crystal layer, to which a voltage is being applied,
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and at the middle of the thickness of the liquid crystal
layer. Such a tilt direction will be sometimes referred to
herein as a "reference alignment direction". And this tilt
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 di-
rection. The reference azimuthal direction is supposed
to be the horizontal direction on the screen and the azi-
muth angle is supposed to increase counterclockwise.
For example, comparing the display screen to a clock
face, the three o’clock direction is supposed to have an
azimuth angle of zero degrees and the angle is supposed
to increase counterclockwise. By defining the tilt direc-
tions of the four liquid crystal domains such that an angle
formed between any two of the four directions is approx-
imately 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 quality 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 dif-
ference 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.
[0066] The vertical alignment liquid crystal layer of the
preferred embodiment to be described below includes a
nematic liquid crystal material with negative dielectric an-
isotropy. The pretilt directions defined by the two align-
ment 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 di-
rection) is defined as an intermediate 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 locat-
ed near the alignment films will have a twisted alignment
under the anchoring force of the alignment films. If nec-
essary, 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 direc-
tions) that are perpendicular to each other, the VA mode
in which the liquid crystal molecules have a twisted align-
ment is sometimes called a vertical alignment twisted
nematic (VATN) mode (see Patent Document No. 2, for
example).

[0067] 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. Par-
ticularly 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 direction)
of liquid crystal molecules, located approximately at the
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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 differ-
ence between the pretilt angles were more than one de-
gree, then the tilt direction would vary noticeably from
one location to another in the liquid crystal layer and the
transmittance would vary significantly as a result (i.e.,
some area would have a lower transmittance than a de-
sired one).

[0068] According to known methods, the pretilt direc-
tion of liquid crystal molecules may be defined by align-
ment 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 ob-
liquely aninorganic 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 particularly pre-
ferred 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 de-
scribed in Japanese Patent Application No. 2005-141846
mentioned above, by using a photo-alignment film includ-
ing a photosensitive group, the variation in pretilt angle
can be reduced to one degree or less. The photo-align-
ment 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 cin-
namoyl group to name a few.

[0069] The preferred embodiment to be described be-
low 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 meth-
od.

Edge portion and central portion

[0070] First, misalignment that may occur in an elec-
trode edge portion will be described.

[0071] The present inventors discovered that when a
voltage was applied to a liquid crystal display device in-
cluding 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 substan-
tially 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 elec-
trode defines an angle greater than 90 degrees with re-
spect 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 ap-
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pear inside of, and substantially parallel to, that edge.
The alignment state of the liquid crystal molecules will
be disturbed in that area probably because the tilt direc-
tion 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.

[0072] 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 perceive at a relatively high gray scale
level. Also, unless a particular viewing direction is spec-
ified, the display state is always supposed to be a front
viewing state (i.e., when the screen is viewed perpendic-
ularly by a viewer located right in front of the screen).
[0073] The quadruple pixel region 10 shown in FIG. 1
will be described. FIG. 1 illustrates a pixel region 10 pro-
vided for a substantially square pixel electrode for the
sake of simplicity. However, the present invention is in
no way limited to any particular shape of a pixel region.
[0074] 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 t4, 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 viewing 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.

[0075] 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 perpendic-
ular 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 e1, e2, e3 and e4, respectively.

[0076] 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 do-
main is subjected to the anchoring forces that have been
produced at those edges by the oblique electric field.
[0077] Inan edge portion EG1 of one edge of the pixel
electrode, to which the liquid crystal domain A is located
close, the azimuthal direction e1 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
aresult, when a voltage is applied thereto, the liquid crys-
tal domain A produces an area that looks darker than the
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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 in-
terposed between them and to have their transmission
axes (polarization axes) crossed at right angles. That is
to say, one of the two polarization axes is arranged hor-
izontally and the other vertically. The transmission axes
ofthe polarizers are supposed to be arranged in this man-
ner unless otherwise stated.

[0078] Inthe same way, in an 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
inthatarea. As aresult, 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.

[0079] Inthe same way, in an 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
inthat area. As aresult, 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.

[0080] Inthe same way, in an 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
inthatarea. As aresult, 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.

[0081] 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, t2, t3 and t4 are an
approximately 225 degree direction (liquid crystal do-
main A), an approximately 315 degree direction (liquid
crystal domain B), an approximately 45 degree direction
(liquid crystal domain C) and an approximately 135 de-
gree direction (liquid crystal domain D), respectively. The
liquid crystal domains A, B, C and D 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. The angle defined by any of
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the tilt directions t1, t2, t3 and t4 of the liquid crystal
domains A, B, C and D with respect to an associated
one of the azimuth angle components e1, €2, e3 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.

[0082] The dark areas (i.e., the domain lines DL1
through DL4) that are produced parallel to the edge por-
tions EG1, EG2, EG3 and EG4, respectively, within the
pixel region 10 deteriorate the viewing angle character-
istic as will be described later. Thus, by providing opaque
portions that can selectively shield at least respective
parts of these edge portions EG1 through EG4 from in-
coming light, the deterioration of the viewing angle char-
acteristic can be minimized.

[0083] 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 associated 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 approx-
imately 10 pm to 20 pum from any edge portion of the
pixel electrode from incoming light. Also, "an opaque por-
tion for selectively shielding an area from incoming light"
means that the opaque portion is provided to shield only
that area selectively from incoming light. Nevertheless,
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
viewing 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 produced around there)
from incoming light is provided, then the deterioration in
viewing angle characteristic can be lightened at least to
that degree. That is why the portions to shield from in-
coming light may be determined so as to strike an ade-
quate balance between the required performance of the
LCD and the optical efficiency to achieve.

[0084] 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 charac-
teristic to strike a proper balance between them, only a
part or all of the domain line may be shielded from in-
coming light without shielding the edge portion in order
to reduce the area of the opaque portion. In most of the
preferred 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
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preferred embodiments, the viewing angle characteristic
can be improved by providing an opaque portion that
selectively shields at least a portion of the domain line.
[0085] A method of dividing a pixel region into these
four liquid crystal domains A through D (i.e., the arrange-
ment of the liquid crystal domains in the pixel region) is
not limited to the example illustrated in FIG. 1. Alternative
alignment division methods (or alternative arrangements
of liquid crystal domains) will be described with reference
to FIGS. 2 through 5.

[0086] Portion (a) of FIG. 2 shows a method of dividing
the pixel region 10 shown in FIG. 1. More specifically,
the pretilt directions PA1 and PA2 defined by the align-
ment film of a TFT substrate (i.e., the lower substrate),
the pretilt directions PB1 and PB2 defined by the align-
ment 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 portion (a) of FIG.
2. Those areas are not so-called "disclination lines".
These drawings schematically indicate the orientation di-
rections of liquid crystal molecules as viewed by the view-
er and show that the liquid crystal molecules are tilted
such thatthe elliptical end of each cylindrical liquid crystal
molecule points toward the viewer.

[0087] By conducting an alignment treatment so as to
achieve the alignment state shown in portion (a) of FIG.
2, the pixel region 10 can be defined. Specifically, the
alignment treatment is conducted so as to divide the pixel
region close to the TFT substrate into two and to define
the pretilt directions PA1 and PA2 that are antiparallel to
the vertical alignment film. In this preferred 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 alignmenttreatmentis 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 an-
tiparallel to the vertical alignment film. By bonding these
substrates together, a multi-domain structure can be de-
fined in the pixel region 10. In the photo-alignment treat-
ment, 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).
[0088] 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 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
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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.

[0089] As shown in portion (a) of FIG. 2, 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 oftheliquid crystal domains A through D, asindicated
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 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.

[0090] Alternatively, by bonding together the TFT and
CF substrates that have been subjected to the alignment
treatment as shown in portion (b) of FIG. 2, a multi-do-
main 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.
[0091] 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 portions EG2 and EG4 (with the domain
lines DL2 and DL4) are parallel to the vertical direction.
As shown in portion (b) of FIG. 2, a dark line is also ob-
served 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.

[0092] Alternatively, by bonding together the TFT and
CF substrates that have been subjected to the alignment
treatment as shown in portion (a) of FIG. 3, a multi-do-
main 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.
[0093] 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 t2 and t4 of the liquid crystal do-
mains B and D point toward their associated edge por-
tions of the pixel electrode and define an angle greater
than 90 degrees with respect to azimuthal directions that
are perpendicular to the edge portions and that point to-
ward the inside of the pixel electrode. As a result, domain
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lines DL2 and DL4 are produced. Each of the domain
lines DL2 and DL4 includes a portion (H) 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 t2 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 portion (a) of FIG. 3, 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.

[0094] Alternatively, by bonding together the TFT and
CF substrates that have been subjected to the alignment
treatment as shown in portion (b) of FIG. 3, a multi-do-
main 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 FIG. 1.
[0095] The tilt directions t1 and t3 of the liquid crystal
domains A and C point toward their associated edge por-
tions of the pixel electrode and define an angle greater
than 90 degrees with respect to azimuthal directions that
are perpendicular to the edge portions and that point to-
ward the inside of the pixel electrode. As a result, domain
lines DL1 and DL3 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 por-
tion 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 elec-
trode. Consequently, domain lines are produced in both
of the two directions. On the other hand, the tilt directions
t2 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 portion (b) of FIG. 3, 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.

[0096] Alternatively, by bonding together the TFT and
CF substrates that have been subjected to the alignment
treatment as shown in portion (a) of FIG. 4, a multi-do-
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main 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.
[0097] Thettilt directions t1, t2, 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 de-
fine 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 DL1, DL2, DL3 and DL4
are produced. Each of the 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 per-
pendicular 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
portion (a) of FIG. 4, 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.

[0098] Alternatively, by bonding together the TFT and
CF substrates that have been subjected to the alignment
treatment as shown in portion (b) of FIG. 4, a multi-do-
main 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 FIG. 1.
[0099] 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, which is adja-
cent 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.

[0100] Ineach of the four-domain structures described
above, four liquid crystal domains are arranged in two
columns and two rows to define a matrix pattern. How-
ever, the present invention is in no way limited to that
specific preferred embodiment. Alternatively, the four lig-
uid crystal domains may be arranged in line in a prede-
termined direction as shown in FIGS. 5(a) and 5(b), in
which the liquid crystal domains are arranged in line in
the column direction.
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[0101] The pixel region 70 shown in FIG. 5(a) also in-
cludes 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, t2,
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 de-
grees with respect to azimuthal directions that are per-
pendicular 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 do-
main lines DL1 through DL4 are parallel to the vertical
direction (i.e., the direction in which the liquid crystal do-
mains 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 pro-
duced horizontally (i.e., perpendicularly to the direction
in which the liquid crystal domains are arranged) around
the center of the pixel region.

[0102] On the other hand, in the pixel region 80 shown
in FIG. 5(b), the tilt directions of the four liquid crystal
domains 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 hori-
zontal direction. And the domain lines DL2’ and DL3’ are
parallel to the vertical direction. A dark line is also ob-
served 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 ar-
ranged) around the center of the pixel region. If the tilt
directions are defined in this manner, the polarizers are
preferably arranged such that their transmission axes de-
fine angles of =45 degrees with respect to the horizontal
direction.

[0103] Next, itwill 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 pro-
duced (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.

[0104] Thisliquid crystal display deviceincludesa TFT
substrate 1 including a transparent substrate (e.g., a
glass substrate) 1a and a pixel electrode 11 on the trans-
parent substrate 1a, a CF substrate 2 including a trans-
parent substrate (e.g., a glass substrate) 2a and a coun-
ter electrode 12 on the transparent substrate 2a, and a
vertical alignment liquid crystal layer 3 interposed be-
tween the TFT and CF substrates 1 and 2. A vertical
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alignment film (not shown) is provided on each of the
TFT and CF substrates 1 and 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 direc-
tions controlled as indicated by the arrows, arrowheads
and arrow tails in FIGS. 6 to 9.

[0105] First, referring to FIG. 6, illustrated is a cross-
sectional view of the left half of the pixel region 20 shown
in portion (b) of FIG. 2, including an edge portion of the
liquid crystal domain D with the domain line DL4, 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 mole-
cules 3a (with a tilt 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
electrode under the anchoring force (defined by an azi-
muthal direction of zero degrees) of an oblique electric
field generated 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 transmittance varies in a complicated
manner as shown in FIG. 6, thereby producing a domain
line in which the relative transmittance becomes local
minimum within the pixel region (i.e., inside of the edge
ofthe pixel electrode). That region with the local minimum
transmittance as indicated by the dotted square in FIG.
6 corresponds to the domain line DL4 in the liquid crystal
domain D shown in portion (b) of FIG. 2.

[0106] 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., the difference in tilt direction between the
liquid crystal molecules 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 half of the
liquid crystal domain D shown in portion (b) of FIG. 2,
including another edge portion of the liquid crystal do-
main D without the domain line DL4, as viewed on a
plane defined by an azimuth angle of 90 degrees.
[0107] Meanwhile, as shown in FIGS. 8 and 9, the lig-
uid crystal molecules also have a twist angle of 90 de-
grees 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 chang-
es 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 portion (b) of FIG. 2, including the
boundary area between them, as viewed on a plane de-
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fined by an azimuth angle of zero degrees. FIG. 9 is a
cross-sectional view of the liquid crystal domains B and
A shown in portion (b) of FIG. 4, including the boundary
area between them, as viewed on a plane defined by an
azimuth angle of zero degrees.

[0108] 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 dis-
tributions of transmission intensities on the four planes
I, I, Ill and 1V, respectively. Also, each of these graphs
shows results in three viewing directions defined by polar
angles of zero degrees (i.e., front direction), 45 degrees
and 60 degrees, respectively.

[0109] Itcanbeseenthatinthe domainlinesappearing
at the left end of Graph |, at the right end of Graph Il, at
the right end of Graph lll, and at the left end of Graph IV,
the behavior of the transmission intensity changes sig-
nificantly according to the polar angle (particularly in
Graph Ill). 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 intensities at
the polarangles 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".

[0110] By providing opaque portions that can selec-
tively shield at least respective portions of the domain
lines, producedin the edge portions of the pixel electrode,
from incoming 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 character-
istic 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 lines are preferably provided, no matter whether
the multi-domain structure should be formed or not.
[0111] The dark lines formed around the center of the
pixel region (e.g., crossed lines CL1) are not always mis-
alignment 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.

[0112] Hereinafter, preferred embodiments of opaque
portions will be described specifically. Each of the
opaque portions to be described below may be used ei-
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ther by itself or in combination with any other opaque
portion.

[0113] A TFT LCD usually includes an opaque mem-
ber. For example, a TFT substrate includes a gate bus
line, a source bus line, a drain extension line and a stor-
age capacitor line (which will be referred to herein as a
"CS bus line"). Also, a CF substrate includes a black ma-
trix to shield the surrounding 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 op-
tical efficiency caused by the opaque member arranged
within the pixel region, the opaque member is preferably
arranged so as to hide the dark area produced between
adjacent liquid crystal domains.

[0114] Hereinafter, an exemplary pixel structure for a
liquid crystal display device according to the present in-
vention will be described. In the drawings, any pair of
components shown in multiple drawings and having sub-
stantially the same function is identified by the same ref-
erence numeral. And once a component has been de-
scribed, 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 so as to form a
matrix pattern, the structure of a pixel located at an in-
tersection between an mth row and an nth column will be
described. It should be noted that a row corresponds 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 dis-
play screen.

[0115] 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 shownin FIG. 11, forexample. In the following
description, an mth gate bus line 112 will be referred to
herein as a "gate bus line 112(m)" and an nt" source bus
line 114 will be referred to herein as a "source bus line
114(n)".

[0116] The pixel region shown in FIG. 11 illustrates a
subpixel with the multipixel structure disclosed in Japa-
nese 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.

[0117] 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 elec-
trode 111a, a storage capacitor CS is formed by an ex-
tended portion 117E of the drain extension line 117, an
extended portion 113E of the CS bus line 113 and an
insulating layer (e.g., a gate insulating layer) between
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them.

[0118] The multipixel structure shown in FIG. 11 has
the following features.

[0119] 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 TFTs
116a and 116b (i.e., two TFTs in total). The ON and OFF
states of the two TFTs 116a and 116b are controlled
through the common gate bus line 112. The two TFTs
116a and 116b share a semiconductor layer 116m, a
source electrode 116S, and a gate electrode (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 116a and the subpixel electrode 111a
are electrically connected together by connecting the
drain extension line 117, extending from the drain elec-
trode 116D, to the subpixel electrode 111a 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 118a in FIG. 15).

[0120] Each subpixel electrode (which is the upper
subpixel electrode 111ain FIG. 11 with the lower subpixel
electrode not shown there), the liquid crystal layer, and
a counter electrode (common electrode) that faces these
electrodes with the liquid crystal layer interposed be-
tween them form a liquid crystal capacitor. Storage ca-
pacitors CS are formed electrically in parallel with the
liquid crystal capacitors associated with the respective
subpixel regions. As for the upper subpixel, 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 con-
nected to the drain 116D of the same TFT 116a as the
subpixel electrode 111a, 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
forthe upper subpixel. Likewise, as for the lower subpixel,
one of the two electrodes that form the storage capacitor
(i.e., the storage 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 116b as the lower subpixel electrode (not
shown), while the other electrode (i.e., the storage ca-
pacitor counter electrode) is defined by the extended por-
tion (not shown) of the CS bus line (not shown) provided
for the lower subpixel.

[0121] The CS bus lines 113 are provided electrically
independently of each other for the two subpixels. For
example, if the storage capacitor counter voltage sup-
plied to the storage capacitor belonging to one subpixel
through the CS bus line 113 rises after the TFT 116a 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
116b has been turned OFF. If (the magnitudes and/or
the directions of) the storage capacitor counter voltages
ofthe storage capacitors belonging to the respective sub-
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pixels 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 subpixels. 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 voltage supplied through the source
bus line 114. Consequently, the viewing angle depend-
ence of the y characteristic can be reduced.

[0122] 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 pro-
duced near the edge portions EG1, EG2, EG3 and EG4
of the sub-pixel electrode and crossed dark lines are pro-
duced at the center of the sub-pixel region.

[0123] 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. However, 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.

[0124] 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).

[0125] 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 in-
creased 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).

[0126] 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 113 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.
[0127] Alternatively, the CS bus line 113 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
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for shielding the domain lines produced in the edge por-
tions EG1 and EGZ2, respectively, as shown in FIG. 12.
[0128] If a multi-domain structure similar to that of the
pixel region 30 shown in portion (a) of FIG. 3 is formed
for the sub-pixel region, then the arrangement shown in
FIG. 13 may be adopted, for example.

[0129] Specifically, the domain line (DL4(H) shown in
portion (a) of FIG. 3) produced in the horizontal part of
the edge portion EG4 may be shielded by increasing the
width of overlap between the CS bus line 113 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 portion (a) of FIG. 3) produced in the
horizontal part of the edge portion EG2 may be shielded
by 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
portion (a) of FIG. 3) may be shielded by the bent portions
of the source bus line 114 as in the example described
above.

[0130] If a multi-domain structure similar to that of the
pixel region 10 is adopted, the opaque portions for shield-
ing the dark areas produced in the boundary areas be-
tween the liquid crystal domains may be defined by the
extended portions 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.
[0131] FIG.15isacross-sectional view of the structure
shown in FIG. 14 as viewed on the plane 15A-15A’
shown in FIG. 14. As shown in FIG. 15, the drain exten-
sion 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 if a CS bus line
113 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 117FE’ of the drain extension line 117
as shown in FIG. 14, too. 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 is 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 dif-
ferentlayers. By adopting such an arrangement, the leak-
age failures can be reduced compared to the configura-
tion disclosed in FIG. 60 of Patent Document No. 1.
[0132] In the pixel structure shown in FIG. 15, a rela-
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tively thick interlayer dielectric film 118a of a photosen-
sitive 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 elec-
trode 111 and the source bus line 114 can be reduced
sufficiently. Consequently, the voltage at the pixel elec-
trode 111 never varies due to the voltage (i.e., signal
voltage) on the source bus line 114 by way of the capac-
itance. 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.

[0133] Alternatively, the domain lines produced in the
edge portions and the crossed dark lines produced
around the center 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 118b of an inorganic material such as SiN,, for ex-
ample, is provided between the pixel electrode 111 and
the source bus line 114. In this arrangement, 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 line 114 are
arranged so as not to overlap each other. This arrange-
ment does not contribute to increasing the aperture ratio
of a pixel but can simply the manufacturing process be-
cause a relatively thin inorganic insulating film can be
used as the interlayer dielectric film 118b.

[0134] As another alternative, the domain lines pro-
duced in the edge portions and the crossed dark lines
produced around the center of the pixel region may also
be shielded by extending the drain extension line 117 as
shown in FIG. 18. Since the drain extension line 117 be-
longs to a different layer from that of the gate bus line
112 and the CS busline 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.

[0135] In each of the examples described above, the
opaque portions are defined by using the opaque mem-
bers arranged on the TFT substrate. If necessary, how-
ever, 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
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that portion may be shielded by the black matrix layer
132 and the other part may be shielded by the drain ex-
tension line 117. Still alternatively, any of the shielding
structures and this arrangement may be combined ap-
propriately.

Intersection

[0136] The presentinventors discovered that at the in-
tersections OD between the domain lines produced in
the edge portions and the boundary areas between ad-
jacentliquid crystal domains, the liquid crystal molecules
had particularly inconsistent orientations and noticeably
low response speeds as shown in FIG. 20. For that rea-
son, 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 preferably shielded.
[0137] Thoseintersections OD are preferably shielded
by providing extensions TR1, TR2, TR3 and TR4 that
protrude out of the opaque portions for shielding the do-
main lines produced in the edge portions and the opaque
portions for shielding the boundary area between adja-
cent liquid crystal domains as shown in FIG. 21. Specif-
ically, 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 ex-
tension TR4 is extended from the CS bus line 113. If
necessary, it is naturally possible to shield only the inter-
sections 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.

[0138] Also, in the LCD manufacturing process of the
preferred embodiment described above, at least the sub-
strate with the opaque portions is preferably irradiated
with light (typically an ultraviolet ray) for the purpose of
photo-alignment treatment. The opaque portions de-
scribed 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 substrates are
bonded together and the size of the opaque portions
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.

[0139] /Islanded opaque portions that use gate metal
layer In the liquid crystal display device of the preferred
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embodiments described above, the opaque member on
the TFT substrate is made of a circuit element arranged
on the TFT substrate such as a gate bus line, a source
bus line, adrain extension line or a CS bus line. However,
the presentinvention is in no way limited to such a specific
preferred embodiment. As will be described later, if is-
landed opaque portions, made of the same layer as the
gate bus line, are used, then the opaque portions will
achieve the effects of not serving as a capacitive com-
ponent such as a gate-drain parasitic capacitance Cgd
and providing a redundant structure that can repair a dis-
connection, if any, on the drain extension line.

[0140] In the following description, the layer made of
the same material as the gate bus line will be referred to
herein as a "gate metal layer", which means a metal layer
deposited on the substrate to make a gate bus line. The
gate metal layer does not have to be a single layer of a
metallic material but may also be a conductive layer made
of a non-metallic material such as doped polysilicon or a
stack of such layers. For example, the CS bus line may
be made of the gate metal layer. That is to say, the gate
bus line and the CS bus line can be formed at the same
time by etching the gate metal layer into a predetermined
pattern. In the following example, not only the gate bus
line and CS bus line but also islanded opaque portions
are supposed to be made of the gate metal layer. As
used herein, the "islanded opaque portion" means an
electrically isolated opaque portion that is not connected
to any other circuit component. If the islanded opaque
portions are used to repair the drain extension line, how-
ever, the opaque portions are connected to either the
drain extension line or the source bus line at the repaired
pixels as will be described later.

[0141] FIGS. 22 and 23 schematically illustrate still an-
other exemplary pixel structure, including islanded
opaque portions made of a gate metal layer, for a liquid
crystal display device according to the present invention.
Specifically, FIG. 22 is a plan view and FIG. 23 is a cross-
sectional view thereof as viewed on the plane 23A-23A’
shown in FIG. 22.

[0142] Just like the pixel shown in FIG. 13, the pixel
shown in FIG. 22 has the same multi-domain structure
as the pixel region 30 shown in FIG. 3(a). That is to say,
supposing the upper right domain of the quadruple pixel
is the first quadrant, four liquid crystal domains, namely,
Liquid Crystal Domain A (with a tilt direction of approxi-
mately 225 degrees), Liquid Crystal Domain D (with a tilt
direction of approximately 135 degrees), Liquid Crystal
Domain C (with a tilt direction of approximately 45 de-
grees), and Liquid Crystal Domain B (with a tilt direction
of approximately 315 degrees), are arranged in this order
from the first quadrant through the fourth quadrant.
[0143] At least a part of the central opaque portion for
selectively shielding at least a portion of the crossed dark
area, which is defined in the boundary area where each
of the four liquid crystal domains is adjacent to another
one of the liquid crystal domains, is defined by at least a
portion of the drain extension line 117. In this example,
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one end of the drain extension line 117 is connected to
the drain electrode 116D of the TFT 116a, while the other
end thereof is connected to the subpixel electrode 111a
at a contact hole 119 that has been bored through the
insulating layer (i.e., the interlayer dielectric film 118a
shown in FIG. 23) that is interposed between the drain
extension line 117 and the subpixel electrode 111a. At
that other end, the extended portion 117E of the drain
extension line is located and overlaps with the CS bus
line with the gate insulating film 115 interposed between
them, thereby forming a storage capacitor. The drain ex-
tension line 117 includes a trunk that leads from the drain
electrode 116D of the TFT 116a to the contact hole 119
and branches 117B diverging from the trunk. The vertical
part of the central opaque portion that shields the crossed
dark area from incoming light is mainly defined by the
trunk of the drain extension line 117, while the horizontal
part of the central opaque portion is mainly defined by
the branches 117B of the drain extension line 117.
[0144] As in the pixel shown in FIG. 13, the domain
line (i.e., 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 113 and the sub-pixel electrode 111a. The overlap
width may be increased by forming the extended portion
111E1 with the width of the sub-pixel electrode 111a par-
tially increased. On the other hand, the domain line (i.e.,
DL2(H) shown in FIG. 3(a)) produced in the horizontal
part of the edge portion EG2 is shielded by the islanded
opaque portion 122 made of the gate metal layer unlike
the pixel shown in FIG. 13. In the pixel shown in FIG. 13,
the extended portion 111E2 is formed with the width of
the subpixel electrode 111a partially increased, thereby
increasing the width of overlap between the gate bus line
112 and the subpixel electrode 111a and shielding the
domain line produced in the horizontal part of the edge
portion EG2. For that reason, if the arrangement shown
in FIG. 13 is adopted, the gate-drain parasitic capaci-
tance Cgd will increase. On the other hand, if the ar-
rangement shown in FIG. 22 is adopted, Cgd will not
increase even with the opaque portions. In the following
description, such an opaque portion that shields at least
a part of the edge portion (or the domain line produced
inside the edge portion) from incoming light will be re-
ferred to herein as an "edge shielding portion". It should
be noted that the islanded opaque portion 122 shown in
FIG. 22 has a part that overlaps with the trunk portion
that defines the central opaque portion of the drain ex-
tension line 117 and that part also functions as a part of
the central opaque portion.

[0145] As in the pixel shown in FIG. 13, the vertical
parts of the edge portions EG2 and EG4 (i.e., DL2(V)
and DL4(V) shown in FIG. 3(a)) are shielded by the
source bus lines 114. In the pixel shown in FIG. 22, how-
ever, each of the source bus lines 114 has a branched
structure with two branches 114a and 114b, and each
edge shielding portion shields the vertical part of its as-
sociated edge portion EG2 or EG4 using an associated
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one of the two branches. More specifically, the branch
114b of the source bus line 114 (n) is arranged inside of
the edge portion EG4 of the subpixel electrode 111a and
overlaps with the subpixel electrode 111a. Likewise, the
branch 114a of the source bus line 114(n+1) is arranged
inside of the edge portion EG2 of the subpixel electrode
111a and overlaps with the subpixel electrode 111a. In
this case, the source bus line 114(n+1) is a source bus
line of the next stage, which belongs to the next column
of pixels for the source bus line 114 (n) of the current
stage, to which the subpixel electrode 111a of the given
pixel is connected via the TFT 116a.

[0146] As already described with reference to FIG. 20,
the pixel structure shown in FIG. 22 further includes an
opagque portion that shields, from incoming light, an area
where a domain line produced in an edge portion inter-
sects with the boundary area of the adjacent liquid crystal
domain (which will be referred to herein as an "intersec-
tion area shielding portion"). The intersection area shield-
ing portion 124a and 124b shown in FIG. 22 are also
islanded opaque portions made of the gate metal layer.
As already described with reference to FIG. 15, if the
central opaque portion is defined by the drain extension
line 117, leakage rarely occurs between the gate bus line
112 and the CS bus line 113. However, since the drain
extension line 117 and the source bus line 114 are made
of the same layer, leakage will occur easily between the
drain extension line 117 and the source bus line 114,
which is a problem. That s to say, in FIG. 22, if both ends
of the branch 117B of the drain extension line 117 for
shielding the horizontal part of the central opaque portion
were too close to the source bus lines 114(n) and 114
(n+1), then leakage would occur. Thus, by providing the
islanded opaque portions 124a and 124b as portions of
the horizontal part of the central opaque portion, a suffi-
cient gap can be left between the ends of the branch
117B of the drain extension line 117 and the source bus
lines 114(n) and 114(n+1), thus preventing such leak-
age.

[0147] In the pixel structure shown in FIG. 22, the is-
landed opaque portions 122 and 124a form a redundant
structure that will repair a disconnection, if any, on the
drain extension line 117.

[0148] The islanded opaque portion 122 includes a
portion that overlaps with the drain extension line 117
and a portion that overlaps with the branch 114a of the
source bus line 114(n+1). Likewise, the islanded opaque
portion 124a includes a portion that overlaps with (the
branch 117B of) the drain extension line 117 and a portion
that overlaps with the branch 114a of the source bus line
114(n+1).

[0149] Thus,ifadisconnection hasoccurred anywhere
on the drain extension line 117 between the drain elec-
trode 116D and the branch, then the points M1, M2, M3
and M4 shown in FIG. 22 are irradiated with a laser beam
(such as the second harmonic of a YAG laser beam with
a wavelength of 532 nm), thereby fusing and connecting
together the branch 117B of the drain extension line 117
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and the islanded opaque portion 124a at the point M1,
the branch 114a of the source bus line 114(n+1) and the
islanded opaque portion 124a at the point M2, the branch
114a of the source bus line 114(n+1) and the islanded
opaque portion 122 at the point M3, and the trunk of the
drain extension line 117 and the islanded opaque portion
122 at the point M4, respectively. In this manner, an elec-
trical path that leads from the point M1 to the point M4 is
formed. If the branch 114a of the source bus line 114
(n+1) is cut off the source bus line 114(n+1) outside of
the points M2 and M3, then the disconnection of the drain
extension line 117 can be repaired with the path. The
branch 114a of the source bus line 114 may be cut off
by being irradiated with a laser beam (such as the fourth
harmonic of a YAG laser beam with a wavelength of 266
nm).

[0150] Next, yet another exemplary pixel structure, in-
cluding islanded opaque portions made of a gate metal
layer, for a liquid crystal display device according to the
present invention will be described with reference to
FIGS. 24 and 25. Specifically, FIG. 24 is a plan view and
FIG. 25 is a cross-sectional view thereof as viewed on
the plane 25A-25A’ shown in FIG. 24.

[0151] Unlike the pixel structure shown in FIGS. 22
and 23, the pixel structure shown in FIGS. 24 and 25
includes another islanded opaque portion 126. As in the
pixel structure shown in FIG. 13, the edge shielding por-
tion for shielding the horizontal part of the edge portion
EG2 from incoming light is defined by forming the ex-
tended portion 111E2 with the width of the subpixel elec-
trode 111a partially increased and by increasing the width
of overlap between the gate bus line 112 and the subpixel
electrode 111a. Alternatively, the island opaque portion
122 may also be provided as shown in FIG. 22.

[0152] Theislanded opaque portion 126 overlaps with
a portion of the drain extension line 117 that leads from
the drain electrode 116D of the TFT 116a to the contact
hole 119 (i.e., the trunk) with the gate insulating film 115
interposed between them, and has a broader width than
the drain extension line 117. That is why if a disconnec-
tion has occurred anywhere on the drain extension line
117 between the drain electrode 116D and the branch,
then the points M1 and M2 on both sides of the discon-
nected portion may be irradiated with a laser beam (such
as the second harmonic of a YAG laser beam with a
wavelength of 532 nm) as schematically shown in FIG.
24, thereby fusing and connecting together the drain ex-
tension line 117 and the islanded opaque portion 126 at
the points M1 and M2 and repairing the disconnection.
With this pixel structure shown in FIG. 24, the disconnec-
tion can be repaired more easily than with the pixel struc-
ture shown in FIG. 23, which is beneficial.

[0153] If the pixel structure shown in FIG. 24 is adopt-
ed, the source bus line 114 does not have to have branch-
es to define a redundant structure but may be a single
line as shown in FIG. 26.

[0154] Naturally, such an arrangement including is-
landed opaque portions made of a gate metal layer is
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applicable to not just the pixel structure (or multi-domain
structure) illustrated in the drawings but also various oth-
er pixel structures as well. Furthermore, those shielding
structures illustrated may also be used in combination
as needed.

Partial shielding

[0155] Theliquid crystal display device of the preferred
embodiment described above includes opaque portions
for shielding edge portions with domain lines substantial-
ly entirely. However, the present invention is in no way
limited to that specific preferred embodiment. To mini-
mize 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, however,
the optical efficiency (i.e., the effective aperture ratio of
a pixel) 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.

[0156] Particularly if an arrangement in which the pixel
electrode does not overlap with the source bus line as
viewed 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 preferably as small as possible. If a
relatively thick interlayer dielectric film 118a of a photo-
sensitive resin, for example, is interposed 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. Conse-
quently, by overlapping the pixel electrode 111 (or the
subpixel electrode 111a) and the source bus line 114
(and the gate bus line 112) each other, the pixel aperture
ratio can be increased.

[0157] 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 rel-
atively thin inorganic insulating film of SiN,, for example,
may be used as the interlayer dielectric film 118b. As a
result, the manufacturing process can be simplified,
whichis 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 preferably
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as small as possible.

[0158] The multi-domain structure applicable to the lig-
uid 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 reference to FIGS. 2 through 5. Therefore,
opagque portions for shielding at least portions of the do-
main 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 substrate (i.e., color filter substrate) may
be used as well. The shielding structures could be easily
modified or combined according to the type of the specific
multi-domain structure in various manners other than
those specifically described above as preferred embod-
iments of the present invention.

INDUSTRIAL APPLICABILITY

[0159] A liquid crystal display device according to the
presentinvention can be used effectively as a TV monitor
orin any other application that requires high display qual-

ity.

Claims
1. Aliquid 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 in-
terposed 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,

wherein 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 between the
first and second electrodes, the first, second,
third and fourth directions being defined such
that an angle formed between any two of the
four directions is approximately equal to an in-

10

15

20

25

30

35

40

45

50

55

21

tegral multiple of 90 degrees, the first, second,
third and fourth liquid crystal domains being ar-
ranged in two columns and two rows so as to
define a matrix pattern and to be adjacent to
each other, and

wherein the first substrate includesa TFT, agate
bus line, a source bus line, a drain extension
line, a storage capacitor line, and at least one
islanded opaque portion, which is made of the
same layer as the gate bus line, and

wherein at least a portion of the drain extension
line defines at least a part of a central opaque
portion that selectively shields a boundary area,
where each of the first, second, third and fourth
liquid crystal domains contacts with another one
ofthe liquid crystal domains, from incoming light,
and

wherein the atleast one islanded opaque portion
has a portion that overlaps with the drain exten-
sion line with a gate insulating film interposed
between them.

The liquid crystal display device of claim 1, wherein
the first, second, third and fourth liquid crystal do-
mains include a liquid crystal domain that produces
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, and

wherein the at least one islanded opaque portion fur-
therincludes an edge shielding portion for selectively
shielding at least a part of the dark area from incom-
ing light.

The liquid crystal display device of claim 2, wherein
the source bus line has a branched structure with
multiple branches, and wherein the edge shielding
portion further includes a part that overlaps with one
of the branches of the source bus line with the gate
insulating film interposed between them.

The liquid crystal display device of claim 1 or 2,
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 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 re-
spect to the first direction; the second liquid crystal
domain is located close to at least a part of another
edge of the first electrode, the partincluding 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 another edge of the first electrode, the
part including a third edge portion in which an azi-
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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 re-
spect to the third direction; the fourth liquid crystal
domain is located close to at least a part of 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 each of the first, second, third and fourth liquid
crystal domains is adjacent to another one of the
liquid crystal domains, and

wherein the at least one islanded opaque portion in-
cludes an intersection area shielding portion for
shielding, from incoming light, an area where the
boundary area in which each of the first, second,
third and fourth liquid crystal domains is adjacent to
another one of the liquid crystal domains intersects
with any of the first, second, third and fourth edge
portions.

The liquid crystal display device of claim 4, wherein
the source bus line has a branched structure with
multiple branches, and wherein the intersection area
shielding portion further includes a part that overlaps
with one of the branches of the source bus line with
the gate insulating film interposed between them.

The liquid crystal display device of one of claims 1
to 5, wherein the first substrate further includes an
insulating layer, which is arranged between the drain
extension line and the first electrode, and

wherein the drain extension line includes an extend-
ed portion that overlaps with the storage capacitor
line with the gate insulating film interposed between
them, and

wherein the extended portion of the drain extension
line is connected to the first electrode at a contact
hole that has been cut through the insulating layer,
and

wherein the at least one islanded opaque portion in-
cludes arepairing islanded opaque portion that over-
laps with a portion of the drain extension line that
leads from the TFT to the contact hole with the gate
insulating film interposed between them and thathas
a broader width than the drain extension line.
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