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EP 2 141 534 B1
Description
TECHNICAL FIELD

[0001] The present invention relates to a production method of a liquid crystal display device, and to a liquid crystal
display device. More particularly, the present invention relates to an active matrix liquid crystal display device having
excellent display qualities, and to a production method thereof.

BACKGROUND ART

[0002] Aliquid crystal display device is now being widely used in a TV, a monitor for personal computers, and the like,
because it is a display device with low electrical power consumption and it can be reduced in weight and thickness. The
liquid crystal display device is not a self-emitting display device and it displays images using light from a backlight. An
amount of the light from the back light is adjusted by electrically controlling alignment of liquid crystal molecules arranged
between a pair of substrates (an active matrix substrate and a color filter substrate). Such a liquid crystal display device
is commonly disadvantageous in viewing angle characteristics, and so its characteristics need to be improved.

[0003] In order to improve the viewing angle characteristics of the liquid crystal display device, an alignment division
technology in which one pixel is divided into two or more regions different in a tilt direction of liquid crystal molecules is
now being researched and developed. According to this technology, the viewing angle characteristics can be improved
by tilting the liquid crystal molecules in each pixel in different directions by voltage application to a liquid crystal layer.
The respective regions which differ in the alignment (tilt) direction of the liquid crystal molecules are also called domain.
The alignment division is also called multi-domain.

[0004] Asthe multi-domain liquid crystal display devices, examples of horizontal alignment liquid crystal display devices
include: a multi-domain TN (twist nematic) liquid crystal display device; a multi-domain ECB (electrically controlled
birefringence) liquid crystal display device; and a multi-domain OCB (optically compensated birefringence) liquid crystal
display device. In addition, examples of vertical alignment liquid crystal display devices include: a MVA (multi-domain
vertical alignment) liquid crystal display device; a PVA (patterned vertical alignment) liquid crystal display device; a multi-
domain VAECB (vertical alignment electrically controlled birefringence) liquid crystal display device; a multi-domain
VAHAN (vertical alignment hybrid-aligned nematic) liquid crystal display device; and a multi-domain VATN (vertical
alignment twisted nematic) liquid crystal display device. These various liquid crystal display devices are now being further
developed in order to show improved viewing angle characteristics.

[0005] A rubbing method, a photo-alignment method, and the like, are mentioned as a method for the alignment
division. In the rubbing method, for example, an alignment film is rubbed, with a rubbing region and a non-rubbing region
being separated from each other by a resist pattern. According to such a rubbing method, the alignment film surface is
provided with the alignment treatment by being rubbed with a cloth wound on a roller. In this method, dust such as a
fiber of the cloth and rubbed scrapes are generated, and further, static electricity generated due to the fiber of the cloth
might cause defects such as malfunction, a change in characteristics, and deterioration, of switching elements.

[0006] In the photo-alignment method, a photo-alignment film is used as a material for the alignment film, and the
photo-alignment film is exposed to light such as ultraviolet light, and thereby the alignment film is provided with an
alignment regulating force and/or an alignment regulating direction of the alignment film is changed. Thus, in the photo-
alignment method, the alignment film can be subjected to the alignment treatment in a contact-less manner. Therefore,
soils, dusts, and the like, which are generated by the alignment treatment, can be reduced. In addition, in the photo-
alignment method, by exposing the alignment film through a pattern photomask including transmissive parts formed in
a desired pattern, desired regions in the alignment film plane can be photo-irradiated under various conditions. As a
result, domains having a desirable design can be easily formed.

[0007] The following technologies are disclosed as the photo-alignment method. Patent Document 1 discloses that
an opening is formed along a boundary between domains, for example. Further, for example, Patent Document 2
discloses that at a boundary between domains, a region where liquid crystal molecules are aligned differently from those
in the domains is arranged.

[0008] According to a common liquid crystal display device, a light-shielding layer for shielding light from a backlight
is arranged in a frame region (non-display region), which is positioned surrounding a display region where images
(moving images) are displayed. A resin black matrix (BM), which is formed in a color filter substrate, is generally used
as the light-shielding layer.

[0009] Lately, in order for the liquid crystal display device to show a higher response speed, a distance between
substrates (cell thickness) is decreased. So the BM is also formed to have a very small thickness. As a result, a trans-
mittance of light that passes through the BM is increased, which causes light leakage from the frame region. This light
leakage might have adverse effects on images displayed in the display region. Accordingly, in the conventional liquid
crystal display device, display qualities in the display region close to the frame region need to be further improved.
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[0010] In order to improve display qualities in the display region close to the frame region, the following technology is
disclosed. For example, Patent Document 3 discloses that light leakage from an edge of a display region is suppressed
by arranging a light shield device between drawing wirings (outgoing lines) formed in a frame region. If the light shield
device is arranged to cover adjacent two drawing wirings and if one of the adjacent two drawing wings and the light
shield device are leaked because of a film formation defect of an interlayer insulating film that is formed between the
drawing wirings and the light shield device, the light shield device covers the other drawing wiring into which a different
signal is fed. As a result, the adjacent two drawing wirings are influenced by each other’s signals. If a film formation
defect between one of adjacent two drawing wirings and the light shield device and a film formation defect between the
other drawing wiring and the light shield device are generated, the two drawing wirings are leaked through the light
shield. So the drawing wirings and the light shield device need to be arranged with a distance therebetween. However,
if the distance between the drawing wiring and the light shield device is large, the light shield device can not sufficiently
shield light from the backlight, and so light leakage deteriorates display qualities. If the distance between the drawing
wiring and the light shield device is small and if a residual metal film after the drawing wiring is formed is electrically
connected to adjacent two drawing wirings, this electrical connection might not be corrected because the correction
might cause some defects, for example, in the following case: if this residual metal film is removed by laser to cut the
electrical correction, the light shield device might be also welded.

[Patent Document 1]

Japanese Kokai Publication No. 2000-257646

[Patent Document 2]

Japanese Kokai Publication No. 2002-31804

[Patent Document 31

US Patent No. 6975377

[0011] US 2009/0284703 relates to a liquid crystal display device. EP-A-0994378 discloses a proximity exposure
method by oblique irradiation with light. JP 2001-249352 relates to a liquid crystal display device and a method of
manufacturing the liquid crystal display device. US 5,786,879 relates to a liquid crystal display device with different pretilt
in a peripheral portion.

DISCLOSURE OF INVENTION

[0012] The present invention has been made in view of the above-mentioned state of the art. The present invention
has an object to provide a production method of a liquid crystal display device and a liquid crystal display device, each
capable of improving display qualities in the display region close to the frame region without causing any defects.
[0013] The present inventors made various investigations on a production method of a liquid crystal display device
and a liquid crystal display device, each capable of improving display qualities in the display region close to the frame
region without causing any defects. The present inventors noted a dark line that appears between domains, when the
photo-alignment method is employed for the alignment division. Then, the inventors found that, in conventional technol-
ogies, an alignment film in the display region and the frame region is exposed through a photomask where transmissive
parts are formed in a uniform pattern, and so a dark line appearing between the domains in the display region and a
dark line appearing between the domains in the frame region are the same in form such as planar shape and pitch.
Further, the inventors found that using a photomask having: a first mask part where transmissive parts are formed in a
pattern suitable for forming domains in the display region; and a second mask part where transmissive parts are formed
in a pattern different from that of the transmissive parts in the mask part, the alignment film in the display region is
exposed through the first mask part and the alignment film in the frame region is exposed through the second mask
part, and thereby in the display region, a desirable form of domains (arrangement forms of domains and a dark line that
appears between the domains) is adjusted, and in the frame region, the number and/or area of the dark line appearing
between domains can be different from or more preferably larger than that/those of the conventional dark line. As a
result, the light leakage in the vicinity of the frame region can be suppressed. Thus, the above-mentioned problems have
been admirably solved, leading to completion of the present invention.

[0014] The above objects are solved by the claimed matter according to the independent claims.

[0015] Thatis, the present invention is a production method of a liquid crystal display device,

the liquid crystal display device including:

a pair of substrates facing each other;

a liquid crystal layer arranged between the pair of substrates;

an alignment film arranged on a liquid crystal layer-side surface of at least one of the pair of substrates; and

a pixel including two or more domains,

the production method comprising an exposure step of exposing the alignment film using a photomask having a first
mask part and a second mask part,

the first mask part having a plurality of transmissive parts formed within a light-shielding region,
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the second mask part having a plurality of transmissive parts formed within the light-shielding region in a form different
from a form of the plurality of transmissive parts in the first mask part,

wherein the alignment film in a display region is exposed through the first mask part, and

the alignment film in a frame region is exposed through the second mask part. As a result, in the display region, the
arrangement forms of the domains and the dark line appearing between the domains are appropriately determined for
desired display characteristics, and in the frame region, at least one of the number and the area of the dark line appearing
between the domains can be different from that of the conventional dark line. That is, a dark line that can suppress light
leakage from the frame region can appear in the frame region. In addition, the pattern of the transmissive parts in the
second mask part through which the alignment film in the frame region is exposed is just adjusted so that a dark line
having a desired form appears in the frame region, and so any particular defects are not caused in the production method
of the liquid crystal display device of the present invention. As a result, a liquid crystal display device capable of improving
display qualities in the display region close to the frame region without causing any defects can be produced. The
production method of the liquid crystal display device of the present invention is mentioned in more detail below.
[0016] The above-mentioned alignment film is a photo-alignment film, and exposure is employed for providing such
a photo-alignment film with alignment treatment. The alignment film is generally formed of a material (photo-alignment
material) that can align liquid crystal molecules in directions different depending on a photo-irradiation direction or a
moving direction of a photo-irradiation region.

[0017] The above-mentioned domains are a plurality of regions different in tilt direction of liquid crystal molecules
included in the liquid crystal layer and the tilt direction varies depending on a voltage applied to the liquid crystal layer.
[0018] The first mask part is generally arranged to overlap with at least the display region. The first mask part may be
arranged to overlap with the display region and a part of the frame region. That is, the alignment film in the display region
and a part of the frame region may be exposed through the first mask part. The second mask part is generally arranged
to overlap with the frame region.

[0019] According to the production method of the liquid crystal display device of the present invention, the form is at
least one of a size, a planar shape, an array direction, and an arrangement (distribution). The arrangement also means
a pitch or a cycle. The pitch used herein generally means a distance between two corresponding points of adjacent two
objects (members). The pitch of the transmissive parts used herein means a distance between two corresponding points
of adjacent two transmissive parts.

[0020] In addition, if a pitch of the transmissive parts in the first mask part is different from a pitch of the transmissive
parts in the second mask part, it is preferable that the production method includes an exposure step of exposing the
alignment film using a photomask having a first mask part and a second mask part, the first mask part having a plurality
of transmissive parts formed within a light-shielding region at a constant pitch, the second mask part having a plurality
of transmissive parts formed within the light-shielding region at a pitch different from the constant pitch, the alignment
film in the display region is exposed through the first mask part, and the alignment film in the frame region is exposed
through the second mask part.

[0021] The production method of the liquid crystal display device of the present invention may or may not include other
steps as long as it includes the above-mentioned exposure step.

[0022] The liquid crystal display device produced by the present invention includes: a pair of substrates facing each
other; a liquid crystal layer arranged between the pair of substrates; an alignment film arranged on a liquid crystal layer
side-surface of at least one of the pair of substrates; and a pixel including two or more domains. The liquid crystal display
device produced by the production method of the present invention may or may not include other components as long
as it essentially includes common components a multi-domain matrix liquid crystal display device has.

[0023] The liquid crystal display device produced by the production method of the present invention is preferably an
active matrix liquid crystal display device, but it may be a passive matrix liquid crystal display device.

Preferred embodiments of the production method of the liquid crystal display device of the presentinvention are mentioned
below in more detail. Various embodiments mentioned below may be appropriately employed in combination.

[0024] It is preferable that the alignment film is arranged on liquid crystal layer side-surfaces of both of the pair of
substrates in order to improve display qualities and responsivity of the liquid crystal display device.

[0025] In order to more exhibit the advantages of the present invention, it is preferable that each substrate including
the alignment film on its liquid crystal layer side-surface is subjected to the above-mentioned exposure step.

[0026] Itis preferable in the above-mentioned exposure step that the first mask part is a mask part, the second mask
part is a mask fine part, and the plurality of transmissive parts in the mask fine part are finer than the plurality of
transmissive parts in the mask part (hereinafter, also referred to as "a first embodiment"). According to the first embod-
iment, in the display region, the arrangement forms of the domains and the dark line appearing between the domains
are adjusted for desired display characteristics, and in the frame region, at least one of the number and the area of the
dark line appearing between domains can be larger than that of the conventional dark line. As a result, the leakage from
the frame region can be easily and effectively suppressed. The pattern of the transmissive parts in the mask fine part
through which the alignment film in the frame region is exposed is just adjusted so that the number of the dark lines in
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the frame region is increased, and so any particular defects are not caused in this embodiment, either.

[0027] The transmissive parts in the mask frame part are finer than those in the mask part, as mentioned above. More
specifically, it is preferable that at least one of the size and pitch of the transmissive parts in the mask fine part is smaller
than that of the transmissive parts in the mask part. It is more preferable that both of the size and pitch of the transmissive
parts in the mask fine part are smaller than those of the transmissive parts in the mask part.

[0028] According to the first embodiment, the planar shape of the plurality of transmissive parts in the mask part (the
first mask part) is not especially limited. In order to provide pixels with alignment division efficiently and form the trans-
missive parts in the mask part with accuracy, it is preferable that the planar shape is substantially the same among the
plurality of transmissive parts, and it is more preferable that the planar shape is a substantially rectangular shape.
[0029] The term "substantially the same" used herein does not always means "perfectly the same" and it means "the
same" to such an extent that the advantages of the present invention are exhibited.

[0030] According to the first embodiment, the planar shape of the plurality of transmissive parts in the mask fine part
(the second mask part) is not especially limited, and it may be appropriately determined in accordance with a desired
shape of the dark line.

[0031] According to the first embodiment, the arrangement form of the plurality of transmissive parts in the mask part
is not especially limited. In order to efficiently provide pixels arrayed in a matrix pattern with alignment division and to
reduce production costs of the photomask, it is preferable that the plurality of transmissive parts in the mask part are
formed in a repeated pattern within the light-shielding region. It is more preferable that the plurality of transmissive parts
in the mask part have substantially the same planar shape and are formed at a substantially constant pitch within the
light-shielding region in a repeated pattern. It is still more preferable that the plurality of transmissive parts in the mask
part have a substantially rectangular shape as viewed in plane and are formed at a substantially constant pitch within
the light-shielding region in a repeated pattern. From the same viewpoints, it is preferable that the mask part has the
repeated pattern from one end to the other of a region that overlaps with at least the display region. Thus, it is preferable
that the plurality of transmissive parts in the mask part are what is so-called slits and formed in what is so-called a stripe
pattern. That is, it is preferable that in the mask part, a plurality of slits are formed in a stripe pattern within the light-
shielding region, and it is more preferable that in the mask part, a plurality of slits having substantially the same planar
shape are formed within the light-shielding region at a substantially constant pitch in a stripe pattern, and it is still more
preferable that in the mask part, a plurality of slits having a substantially rectangular shape as viewed in plane are formed
within the light-shielding region at a substantially constant pitch in a stripe pattern. Further, it is preferable that the mask
part has the stripe pattern from one end to the other of a region that overlaps with at least the display region. The repeated
pattern in the mask part is not especially limited to the stripe pattern, and may be a dot pattern, for example.

[0032] The term "substantially constant" used herein does not always means "perfectly constant" and it means "con-
stant" to such an extent that the advantages of the present invention are exhibited.

[0033] According to the first embodiment, the arrangement form of the plurality of transmissive parts in the mask fine
part is not especially limited. In order to form the transmissive parts in the mask fine part with accuracy and to perform
the production method of the liquid crystal display device of the present invention more easily by easier design of the
transmissive parts in the mask part and the mask fine part, it is preferable that the plurality of light-shielding parts in the
mask fine part are formed in a repeated pattern within the light-shielding region. It is more preferable that the plurality
of light-shielding parts in the mask fine parts have substantially the same planar shape and are formed at a substantially
constant pitch within the light-shielding region in a repeated pattern. The repeated pattern in the mask fine part is not
especially limited, and itis preferably a stripe pattern or a dot pattern. Thus, itis preferable that the plurality of transmissive
parts in the mask fine part are what is so-called slits and formed in what is so-called a stripe pattern. Alternatively, it is
preferable that the plurality of transmissive parts in the mask fine part are what is so-called dots and formed in what is
so-called a lattice pattern. That is, it is preferable that in the mask fine part, a plurality of slits are formed in a stripe
pattern within the light-shielding region, and it is more preferable that in the mask fine part, a plurality of slits having
substantially the same planar shape are formed within the light-shielding region at a substantially constant pitch in a
stripe pattern. Further, it is preferable that in the mask fine part, a plurality of dots are formed in a lattice pattern within
the light-shielding region, and it is more preferable that in the mask fine part, a plurality of dots having substantially the
same planar shape are formed within the light-shielding region at a substantially constant pitch in a lattice pattern.
[0034] From such a viewpoint, according to the first embodiment, it is preferable that the production method includes
an exposure step of exposing the alignment film using the photomask having the mask part and the mask fine part, the
mask part having a plurality of light-shielding parts formed within the light-shielding region at a substantially constant
pitch in a repeated pattern, the mask fine part having a plurality of transmissive parts formed within the light-shielding
region at a substantially constant pitch in a repeated pattern, the constant pitch of the transmissive parts in the mask
fine partis smaller than the constant pitch of the transmissive parts in the mask part (and more preferably, the transmissive
parts in the mask fine part are smaller than those in the mask part), wherein the alignment film in the display region is
exposed through the mask part and the alignment film in the frame region is exposed through the mask fine part. It is
also preferable that the plurality of transmissive parts in the mask part and the mask fine part are a plurality of slits,
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respectively,

the plurality of slits are formed parallel to one another in a stripe pattern,

the plurality of slits in the mask part are formed at a constant (substantially constant) pitch,

the plurality of slits in the mask fine part are formed at a pitch smaller than the constant pitch, and

the plurality of slits in the mask fine part have a width smaller than a width of the plurality of slits in the mask part.
[0035] The above term "constant (substantially constant)" does not always means "perfectly constant” and it means
"constant" to such an extent that the advantages of the present invention are exhibited.

[0036] The term "parallel" used herein does not always means "perfectly parallel" and it means "parallel" to such an
extent that the advantages of the present invention are exhibited.

[0037] Itis preferable in the above-mentioned exposure step that the plurality of transmissive parts in the first and
second mask parts are a plurality of slits, respectively,

the first mask part is a mask part,

the second mask part is a mask frame part,

the plurality of slits in the mask part are formed parallel to one another at a constant pitch in a stripe pattern,

the plurality of slits in the mask frame part are formed at a constant pitch in a stripe pattern, and

an array direction of the plurality of slits is different between the mask part and the mask frame part (hereinafter, also
referred to as "a second embodiment"). According to the second embodiment, pixels arrayed in a matrix pattern are
efficiently provided with alignment division and production costs of the photomask are reduced, and in the frame region,
at least one of the number and the area of the dark line appearing between the domains can be larger than that of the
conventional dark line. As a result, the leakage from the frame region can be easily and effectively suppressed. The
pattern of the transmissive parts in the mask frame part through which the alignment in the frame region is exposed is
just adjusted so that the number of the dark lines in the frame region is increased, and so any particular defects are not
caused in this embodiment, either.

[0038] The above term "constant" does not always means "perfectly constant" and it means "substantially constant"
to such an extent that the advantages of the present invention are exhibited.

[0039] According to the second embodiment, the planar shape of the plurality of slits in the mask part is not especially
limited. In order to provide pixels with alignment division efficiently and form the slits in the mask part with accuracy;, it
is preferable that the planar shape is substantially the same among the plurality of slits in the mask part, and it is more
preferable that the planar shape is a substantially rectangular shape. From the same viewpoint, it is preferable that the
mask part has a stripe pattern from one end to the other of a region that overlaps with at least the display region.
[0040] According to the second embodiment, the planar shape of the plurality of slits in the mask frame part is not
especially limited, and it may be appropriately determined in accordance with a desired shape of the dark line. In order
to form the slits in the mask frame part with accuracy and to perform the production method of the liquid crystal display
device of the present invention more easily by easier design of the transmissive parts in the mask part and the mask
fine part, it is preferable that the planar shape is substantially the same among the plurality of slits in the mask frame
part, and it is more preferable that the planar shape is a substantially rectangular shape. From the same viewpoint, it is
preferable that the mask frame part has a stripe pattern from one end to the other of a region that overlaps with at least
the display region.

[0041] Preferable embodiments of the mask frame part in the second embodiment are mentioned below. According
to the second embodiment, it is preferable that the array direction of the plurality of slits in the mask frame part is
perpendicular to the array direction of the plurality of slits in the mask part, and it is also preferable that the array direction
of the plurality of slits in the mask frame part is oblique to the array direction of the plurality of slits in the mask part, and
a pitch of the plurality of slits in the mask part and a pitch of the plurality of the slits in the mask frame part are the same
in the same direction.

[0042] It is preferable that the first mask part is a mask part, and the second mask part is a mask frame part, and the
plurality of transmissive parts in the mask frame part are formed in a pattern different from a pattern of the plurality of
transmissive parts in the mask part (hereinafter, also referred to as "a third embodiment"). According to the third em-
bodiment, in the frame region, at least one of the number and the area of the dark line appearing between the domains
can be larger than that of the conventional dark line. As a result, the leakage from the frame region can be easily and
effectively suppressed. The pattern of the transmissive parts in the mask frame part through which the alignment in the
frame region is exposed is just adjusted so that the number of the dark lines in the frame region is increased, and so
any particular defects are not caused in this embodiment, either.

[0043] According to the third embodiment, the planar shape of the plurality of transmissive parts in the mask part is
not especially limited. In order to provide pixels with alignment division efficiently and form the slits in the mask part with
accuracy, it is preferable that the planar shape is substantially the same among the plurality of transmissive parts in the
mask part, and it is more preferable that the planar shape is a substantially rectangular shape.

[0044] According to the third embodiment, the planar shape of the plurality of transmissive parts in the mask fine part
is not especially limited, and it may be appropriately determined in accordance with a desired shape of the dark line.
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[0045] According to the third embodiment, the arrangement form of the plurality of transmissive parts in the mask part
is not especially limited. In order to efficiently provide pixels arrayed in a matrix pattern with alignment division and to
reduce production costs of the photomask, it is preferable that a plurality of light-shielding parts in the mask part are
formed in a repeated pattern within the light-shielding region. It is more preferable that the plurality of light-shielding pars
in the mask part have substantially the same planar shape and are formed at a substantially constant pitch within the
light-shielding region in a repeated pattern. It is still more preferable that the plurality of light-shielding parts in the mask
part have a substantially rectangular shape as viewed in plane and are formed at a substantially constant pitch within
the light-shielding region in a stripe pattern. From the same viewpoint, it is preferable that the mask part has the repeated
pattern from one end to the other of a region that overlaps with at least the display region. Thus, it is preferable that the
plurality of transmissive parts in the mask part are what is so-called slits and formed in what is so-called a stripe pattern.
That is, it is preferable that in the mask part, a plurality of slits are formed in a stripe pattern within the light-shielding
region, and it is more preferable that in the mask part, a plurality of slits having substantially the same planar shape are
formed within the light-shielding region at a substantially constant pitch in a stripe pattern, and it is still more preferable
that in the mask part, a plurality of slits having a substantially rectangular shape as viewed in plane are formed within
the light-shielding region at a substantially constant pitch in a stripe pattern. Further, it is preferable that the mask part
has the stripe pattern from one end to the other of a region that overlaps with at least the display region. The repeated
pattern in the mask part is not especially limited to the stripe pattern, and may be a dot pattern, for example.

[0046] According to the third embodiment, the arrangement form of the plurality of transmissive parts in the mask
frame part is not especially limited. In order to form the transmissive parts in the mask frame part with accuracy and to
perform the production method of the liquid crystal display device of the present invention more easily by easier design
of the transmissive parts in the mask part and the mask fine part, it is preferable that a plurality of light-shielding parts
in the mask frame part are formed in a repeated pattern within the light-shielding region. It is more preferable that the
plurality of light-shielding parts have substantially the same planar shape and are formed at a substantially constant
pitch within the light-shielding region in a repeated pattern. The repeated pattern in the mask frame part is not especially
limited as long as it is different from the pattern in the mask part. A dot pattern is preferable as the repeated pattern in
the mask frame part. Thus, it is preferable that the plurality of transmissive parts in the mask frame are what is so-called
dots and formed in what is so-called a lattice pattern. That is, it is preferable that in the mask frame part, a plurality of
dots are formed in a lattice pattern within the light-shielding region, and it is more preferable that in the mask frame part,
a plurality of dots having substantially the same planar shape are formed within the light-shielding region at a substantially
constant pitch in a lattice pattern.

[0047] According to the third embodiment, it is preferable that the plurality of transmissive parts in the mask part are
a plurality of slits,

the plurality of transmissive parts in the mask frame part are a plurality of dots,

the plurality of slits in the mask part are formed parallel to one another at a constant pitch in a stripe pattern, and

the plurality of dots in the mask frame part are formed at a constant pitch in a lattice pattern. According to this embodiment,
pixels arrayed in a matrix pattern are efficiently provided with alignment division and production costs of the photomask
are reduced, and in the frame region, at least one of the number and the area of the dark line appearing between the
domains can be larger than that of the conventional dark line.

[0048] It is preferable that the exposure step is performed by scanning exposure or shot exposure. That is, it is
preferable in the exposure step that the alignment film is exposed by moving at least one of the substrate and a light
source (scanning exposure) or that the alignment film is exposed with the substrate and a light source being fixed (shot
exposure). According to the scanning exposure, a stable amount of light is radiated to the substrate plane and so a
variation in characteristics of the alignment film such as an alignment direction and a pretilt angle can be effectively
suppressed. Further, a small exposure apparatus is enough for the scanning exposure and so apparatus costs can be
reduced. In addition, even if the photomask has a defect or it is damaged, costs on replacement of the photomask are
low. In the scanning exposure, if another panel that is different in pitch of the transmissive parts is arranged in the
scanning direction, the photomask needs to be replaced with another one suitable for the panel. In contrast, according
to the shot exposure, various kinds of panels can be exposed in one shot using a photomask including patterns for the
various kinds of panels. In the scanning exposure, if the light source is moved, the light source and the photomask are
generally moved together.

[0049] Inthe above-mentioned exposure step, itis preferable that the alignment film is exposed to ultraviolet light from
a direction oblique to a normal direction of a surface of the at least one of the pair of substrates, although depending on
a material for the alignment film to be exposed. As a result, even if a common alignment film is used, the liquid crystal
molecules in the liquid crystal layer can be easily provided with a pretilt angle suitable in respective display modes, and
thereby a response speed of the liquid crystal molecules can be improved.

[0050] It is preferable that the ultraviolet light is polarized ultraviolet light. Thus, the alignment film is exposed to UV
light, which shows anisotropy, and thereby anisotropic rearrangement or chemical reaction of molecules constituting the
alignment film can be easily induced. Accordingly, the alignment direction of the liquid molecules near the alignment
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film can be more uniformly controlled. The wavelength range of the UV light may be appropriately determined depending
on a material for the alignment film to be exposed.

[0051] Itis preferable that the liquid crystal display device includes a plurality of the pixels,

in the exposure step, the alignment film is exposed so that each pixel includes two regions different in an alignment
direction of liquid crystal molecules near a surface of the alignment film when the pair of substrates are viewed in plane, and
the alignment direction in one region is parallel and opposite to the alignment direction in the other region. In this case,
wide viewing angle liquid crystal display devices such as a multi-domain TN liquid crystal display device, a multi-domain
ECB liquid crystal display device, a multi-domain VAECB (vertical alignment electrically controlled birefringence) liquid
crystal display device, a multi-domain VAHAN (vertical alignment hybrid-aligned nematic) liquid crystal display device,
and a multi-domain VATN (vertical alignment twisted nematic) liquid crystal display device can be easily produced. In
the present description, the "near a surface of the alignment film" is preferably the alignment film surface.

[0052] It is preferable that the alignment film is arranged on each of the pair of substrates,

the production method includes:

exposure of the alignment films; and

attachment of the pair of substrates,

each performed so that

in each substrate, liquid crystal molecules near a surface of the alignment film in each pixel are aligned in two parallel
and opposite directions when the pair of substrates are viewed in plane, and

an alignment direction of liquid crystal molecules near a surface of the alignment film on one of the pair of substrates is
perpendicular to an alignment direction of liquid crystal molecules near a surface of the alignment film on the other
substrate when the pair of substrates are viewed in plane. As a result, one pixel is divided into four domains, easily.
Accordingly, the viewing angle can be increased in four directions perpendicular to each other, i.e., upper, lower, right,
and left directions. The four domains are excellent in symmetric property and so viewing angle characteristics in the four
directions can be the same. As a result, the liquid crystal display device shows display characteristics without viewing
angle dependence.

[0053] The above term "perpendicular” does not always means "perfectly perpendicular" and it means "substantially
perpendicular” to such an extent that the advantages of the present invention are exhibited. According to the above-
mentioned embodiment, more specifically, it is preferable that the liquid crystal molecules on the alignment film surface
of one substrate and those on the alignment film surface of the other substrate are aligned perpendicular to each other
to such an extent that images can be displayed in VATN mode.

[0054] Further, it is preferable that the liquid crystal layer includes liquid crystal molecules with negative dielectric
anisotropy, and the alignment film aligns the liquid crystal molecules nearly vertically to a surface of the alignment film
when no voltage is applied to the liquid crystal layer (vertical alignment film). As a result, a VA liquid crystal display
device can be produced.

[0055] The term "nearly vertically" used herein means "vertically" to such an extent that the advantages of the present
invention are exhibited. Specifically, it is preferable that the liquid crystal molecules are aligned vertically to such an
extent that images can be displayed in VATN mode. More specifically, it is preferable that the liquid crystal molecules
are aligned so that an angle made by a long axis of the molecule and the normal direction of the alignment film surface
is 0.1° to 5° (more preferably, 1° to 2°).

[0056] Alternatively, it is preferable that the liquid crystal layer includes liquid crystal molecules with positive dielectric
anisotropy, and the alignment film aligns the liquid crystal molecules nearly horizontally to a surface of the alignment
film when no voltage is applied to the liquid crystal layer (horizontal alignment film). As a result, a horizontal alignment
liquid crystal display device can be produced.

[0057] The term "nearly horizontally" used herein means "horizontally" to such an extent that the advantages of the
present invention are exhibited. Specifically, it is preferable that the liquid crystal molecules are aligned horizontally to
such an extent thatimages can be displayed in TN mode. More specifically, itis preferable that the liquid crystal molecules
are aligned so that an angle made by a long axis of the molecule and the alignment film surface is 0.1° to 5° (more
preferably, 1° to 2°).

[0058] The presentinvention is a liquid crystal display device produced by the production method of the liquid crystal
display device of the present invention. According to the production method of the liquid crystal display device of the
present invention, at least one of the number and the area of the dark line appearing between the domains in the frame
region can be different from, more preferably larger than that of the conventional dark line. Accordingly, a liquid crystal
display device where light leakage from the frame region is suppressed can be produced.

[0059] The present invention is also a liquid crystal display device including:

a pair of substrates facing each other;
a liquid crystal layer arranged between the pair of substrates;
an alignment film arranged on a liquid crystal layer-side surface of at least one of the pair of substrates; and
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a pixel including two or more domains,

wherein the liquid crystal display device has a display region and a frame region,

when an image is displayed in an intermediate or higher gradation level on a display screen and the image is viewed
in front,

in the display region, a plurality of first dark lines appear in a first direction between adjacent domains at a constant
pitch, and

the frame region includes a region where a plurality of second dark lines appear in a direction parallel to the first
direction at a pitch different from the constant pitch (hereinafter, also referred to as "a first liquid crystal display
device of the present invention").

The first liquid crystal display device of the present invention is mentioned in more detail below.

[0060] The first liquid crystal display device of the present invention includes: a pair of substrates facing each other;
a liquid crystal layer arranged between the pair of substrates; an alignment film arranged on a liquid crystal layer side-
surface of at least one of the pair of substrates; and a pixel including two or more domains. Accordingly, the first liquid
crystal display device of the present invention shows excellent viewing angle characteristics and it is preferably used as
a multi-domain matrix liquid crystal display device.

[0061] The first liquid crystal display device of the present invention is preferably an active matrix liquid crystal display
device, but it may be a passive matrix liquid crystal display device.

[0062] Thus, the first liquid crystal display device has a display region and a frame region,

when animageis displayedin anintermediate or higher gradation level on adisplay screen and the image is viewed in front,
in the display region, a plurality of first dark lines appear in a first direction between adjacent domains at a constant pitch,
and

the frame region includes a region where a plurality of second dark lines appear in a direction parallel to the first direction
at a pitch different from the constant pitch. As a result, the number of the dark line, i.e., an area of a dark region, appearing
between the domains in the frame region, is different from (more preferably, larger than) that of the dark line in the
display region, and light leakage from the frame region can be suppressed. Any particular defects are not caused by
the change in form of the dark line appearing between the domains in the frame region. Thus, display qualities in the
display region close to the frame region can be improved without causing any defects.

[0063] The term"dark line" used herein is a dark line that appears depending on an alignment state of the liquid crystal
molecule, i.e., a disclination line, regardless of a gradation level of an image displayed. The dark line has a luminance
smaller than a luminance in an intermediate or higher gradation level regardless of being shielded by a light-shielding
member when an image is displayed in an intermediate or higher gradation level and is viewed in front (in the normal
direction of the display screen).

[0064] The intermediate gradation level means any gradation levels except for the lowest gradation level (black) and
the highest gradation level (white).

[0065] The intermediate or higher gradation level means gradation levels except for black (i . e. , intermediate gradation
levels and the highest gradation level), and preferably higher half of all gradation levels, and more preferably the highest
gradation level (white).

[0066] The firstliquid crystal display device of the present invention may or may not include other components as long
as it essentially includes such components. The configuration of the first liquid crystal display device of the present
invention is not especially limited. According to the first liquid crystal display device of the present invention, the dark
line appearing between the adjacent domains (hereinafter, also referred to as "domain boundary dark line") in the display
region may be light-shielded by a light-shielding member such as a BM and a metal wiring. In this case, the first liquid
crystal display device may have the following embodiment.

The fist liquid crystal display device has a display region and a frame region,

whenanimage is displayedin anintermediate or higher gradation level on a display screen and the image is viewed in front,
in the display region, a plurality of first light-shielding members are arranged in a first direction between adjacent domains
at a constant pitch, and

the frame region includes a region where a plurality of dark lines appear in a direction parallel to the first direction at a
pitch different from the constant pitch. Alternatively, the first liquid crystal display device may have the following embod-
iment.

The first liquid crystal display device has a display region and a frame region,

whenanimage is displayedin anintermediate or higher gradation level on a display screen and the image is viewed in front,
in the display region, a plurality of first light-shielding members are arranged to light-shield a plurality of first dark lines
appearing between adjacent domains at a constant pitch in a first direction, and

the frame region includes a region where a plurality of second dark lines appear in a direction parallel to the first direction
at a pitch different from the constant pitch.

[0067] A method for producing the first liquid crystal display device of the present invention is not especially limited,
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but the above-mentioned production method of the liquid crystal display device of the present invention is preferable.
The first liquid crystal display device of the present invention can be more easily produced by the above-mentioned
production method. In this case, it is preferable that the first liquid crystal display device includes a photo-alignment film
as the alignment film, and exposure is employed as an alignment treatment for such a photo-alignment film. In addition,
it is preferable that the alignment film is formed of a material (photo-alignment material) that can align liquid crystal
molecules in directions different depending on a photo-irradiation direction or a moving direction of a photo-irradiation
region.

Preferable embodiments of the first liquid crystal display device of the present invention are mentioned below in more
detail.

[0068] Itis preferable that the pitch of the plurality of second dark lines is smaller than the constant pitch. As a result,
the number of the dark line, i.e., an area of a dark region, appearing between the domains in the frame region, is larger
than that of the dark line in the display region, and light leakage from the frame region can be effectively suppressed.
[0069] It is preferable that in the display region, a plurality of third dark lines further appear in a second direction
between adjacent domains at a constant pitch,

the second direction being perpendicular to the first direction, and

in the region included in the frame region, a plurality of fourth dark lines further appear in a direction parallel to the second
direction at a pitch smaller than the constant pitch of the plurality of third dark lines. Thus, the frame region has a region
where the dark lines closely appear in two directions perpendicular to each other, and thereby, the number of the dark
line appearing between the domains in the frame region, that is, the area of the dark region, is more increased, and light
leakage from the frame region can be more suppressed.

[0070] Itis preferable that the region where the dark lines closely appear in two directions perpendicular to each other
is positioned at a corner (corners) of the frame region. According to this, this embodiment can be easily provided. That
is, it is preferable that the liquid crystal display device has a display region and a frame region surrounding the display
region,

the display region having a square shape as viewed in plane, the frame region having a band shape as viewed in plane,
in the display region, a plurality of third dark lines further appear in a second direction between adjacent domains at a
constant pitch,

the second direction being perpendicular to the first direction,

in the region included in the frame region, a plurality of fourth dark lines further appear in a direction parallel to the second
direction at a pitch smaller than the constant pitch of the plurality of third dark lines, and

this region is positioned at a corner of the frame region.

[0071] The present invention is also a liquid crystal display device including:

a pair of substrates facing each other;

a liquid crystal layer arranged between the pair of substrates;

an alignment film arranged on a liquid crystal layer-side surface of at least one of the pair of substrates; and

a pixel including two or more domains,

wherein the liquid crystal display device has a display region and a frame region each having a plurality of domains,
in the display region and the frame region, dark lines appear between adjacent domains when an image is displayed
in an intermediate or higher gradation level on a display screen and the image is viewed in front, and

an arrangement of the plurality of domains in the frame region is different from an arrangement of the plurality of
domains in the display region (hereinafter, also referred to as "a second liquid crystal display device of the present
invention).

The second liquid crystal display device of the present invention is mentioned in more detail below.

[0072] The second liquid crystal display device of the present invention includes: a pair of substrates facing each
other; a liquid crystal layer arranged between the pair of substrates; an alignment film arranged on a liquid crystal layer
side-surface of at least one of the pair of substrates; and a pixel including two or more domains. Accordingly, the second
liquid crystal display device of the present invention shows excellent viewing angle characteristics and it is preferably
used as a multi-domain matrix liquid crystal display device.

[0073] The second liquid crystal display device of the present invention is preferably an active matrix liquid crystal
display device, but it may be a passive matrix liquid crystal display device.

[0074] Thus, the second liquid crystal display device has a display region and a frame region each having a plurality
of domains,

in the display region and the frame region, dark lines appear between adjacent domains when an image is displayed in
an intermediate or higher gradation level on a display screen and the image is viewed in front, and

an arrangement of the plurality of domains in the frame region is different from an arrangement of the plurality of domains
in the display region. As a result, at least one of the number and the area of the dark line appearing between the domains
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in the frame region, is different from (more preferably, larger than) that of the dark line in the display region, and light
leakage from the frame region can be suppressed. Any particular defects are not caused by the changing the arrangement
form of the dark line appearing between the domains in the frame region. Thus, display qualities in the display region
close to the frame region can be improved without causing any defects.

[0075] The second liquid crystal display device of the present invention may or may not include other components as
long as it essentially includes such components. The configuration of the second liquid crystal display device of the
present invention is not especially limited. According to the second liquid crystal display device of the present invention,
the dark line appearing between the adjacent domains (domain boundary dark line) in the display region may be light-
shielded by a light-shielding member such as a BM and a metal wiring, similarly to the first liquid crystal display device
of the present invention.

[0076] A method for producing the second liquid crystal display device of the present invention is not especially limited,
but the above-mentioned production method of the liquid crystal display device of the present invention is preferable.
The second liquid crystal display device of the present invention can be more easily produced by the above-mentioned
production method. In this case, it is preferable that the second liquid crystal display device includes a photo-alignment
film as the alignment film, and exposure is employed as an alignment treatment for such a photo-alignment film. In
addition, it is preferable that the alignment film is formed of a material (photo-alignment material) that can align liquid
crystal molecules in directions different depending on a photo-irradiation direction or a moving direction of a photo-
irradiation region.

[0077] The present invention is also a liquid crystal display device including:

a pair of substrates facing each other;

a liquid crystal layer arranged between the pair of substrates;

an alignment film arranged on a liquid crystal layer-side surface of at least one of the pair of substrates; and

a pixel including two or more domains,

wherein the liquid crystal display device has a display region and a frame region each having a plurality of domains,
in the display region and the frame region, dark lines appear between adjacent domains when an image is displayed
in an intermediate or higher gradation level on a display screen and the image is viewed in front, and

a combination of the plurality of domains in the frame region is different from a combination of the plurality of domains
in the display region (hereinafter, also referred to as "a third liquid crystal display device of the present invention").
The third liquid crystal display device is mentioned in more detail below.

[0078] The third liquid crystal display device of the present invention includes: a pair of substrates facing each other;
a liquid crystal layer arranged between the pair of substrates; an alignment film arranged on a liquid crystal layer side-
surface of at least one of the pair of substrates; and a pixel including two or more domains. Accordingly, the third liquid
crystal display device of the present invention shows excellent viewing angle characteristics and it is preferably used as
a multi-domain matrix liquid crystal display device.

[0079] The third liquid crystal display device of the present invention is preferably an active matrix liquid crystal display
device, but it may be a passive matrix liquid crystal display device.

[0080] Thus, the third liquid crystal display device has a display region and a frame region each having a plurality of
domains,

in the display region and the frame region, dark lines appear between adjacent domains when an image is displayed in
an intermediate or higher gradation level on a display screen and the image is viewed in front, and

a combination of the plurality of domains in the frame region is different from a combination of the plurality of domains
in the display region. As a result, at least one of the number and the area of the dark line appearing between the domains
in the frame region, is different from (more preferably, larger than) that of the dark line in the display region, and light
leakage from the frame region can be suppressed. Any particular defects are not caused by the change in arrangement
form of the dark line appearing between the domains in the frame region. Thus, display qualities in the display region
close to the frame region can be improved without causing any defects.

[0081] The third liquid crystal display device of the present invention may or may not include other components as
long as it essentially includes such components. The configuration of the third liquid crystal display device of the present
invention is not especially limited. According to the third liquid crystal display device of the present invention, the dark
line appearing between the adjacent domains (domain boundary dark line) in the display region may be light-shielded
by a light-shielding member such as a BM and a metal wiring, similarly to the first liquid crystal display device of the
present invention.

[0082] A method for producing the third liquid crystal display device of the present invention is not especially limited,
but the above-mentioned production method of the liquid crystal display device of the present invention is preferable.
The third liquid crystal display device of the present invention can be more easily produced by the above-mentioned
production method. In this case, it is preferable that the third liquid crystal display device includes a photo-alignment
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film as the alignment film, and exposure is employed as an alignment treatment for such a photo-alignment film. In
addition, it is preferable that the alignment film is formed of a material (photo-alignment material) that can align liquid
crystal molecules in directions different depending on a photo-irradiation direction or a moving direction of a photo-
irradiation region.

[0083] The present invention is a liquid crystal display device including:

a pair of substrates facing each other;

a liquid crystal layer arranged between the pair of substrates;

an alignment film arranged on a liquid crystal layer-side surface of at least one of the pair of substrates; and

a pixel including two or more domains,

wherein the liquid crystal display device has a display region and a frame region each having a plurality of domains,
in the display region and the frame region, dark lines appear between adjacent domains when an image is displayed
in an intermediate or higher gradation level on a display screen and the image is viewed in front, and

a shape of the plurality of domains in the frame region is different from a shape of the plurality of domains in the
display region (hereinafter, also referred to as "a fourth liquid crystal display device of the present invention").
The fourth liquid crystal display device of the present invention is mentioned in more detail below.

[0084] The fourth liquid crystal display device of the present invention includes: a pair of substrates facing each other;
a liquid crystal layer arranged between the pair of substrates; an alignment film arranged on a liquid crystal layer side-
surface of at least one of the pair of substrates; and a pixel including two or more domains. Accordingly, the fourth liquid
crystal display device of the present invention shows excellent viewing angle characteristics and it is preferably used as
a multi-domain matrix liquid crystal display device.

[0085] The fourth liquid crystal display device of the present invention is preferably an active matrix liquid crystal
display device, but it may be a passive matrix liquid crystal display device.

[0086] Thus, the fourth liquid crystal display device has a display region and a frame region each having a plurality of
domains,

in the display region and the frame region, dark lines appear between adjacent domains when an image is displayed in
an intermediate or higher gradation level on a display screen and the image is viewed in front, and

a shape of the plurality of domains in the frame region is different from a shape of the plurality of domains in the display
region. As a result, the shape of the dark line appearing between the domains in the frame region can be appropriately
determined so that light leakage from the frame region can be suppressed. Accordingly, light leakage from the frame
region can be suppressed. Any particular defects are not caused by the change in form of the dark line appearing
between the domains in the frame region. Thus, display qualities in the display region close to the frame region can be
improved without causing any defects.

[0087] The fourth liquid crystal display device of the present invention may or may not include other components as
long as it essentially includes such components. The configuration of the fourth liquid crystal display device of the present
invention is not especially limited. According to the fourth liquid crystal display device of the present invention, the dark
line appearing between the adjacent domains (domain boundary dark line) in the display region may be light-shielded
by a light-shielding member such as a BM and a metal wiring, similarly to the first liquid crystal display device of the
present invention.

[0088] A method for producing the fourth liquid crystal display device of the present invention is not especially limited,
but the above-mentioned production method of the liquid crystal display device of the present invention is preferable.
The fourth liquid crystal display device of the present invention can be more easily produced by the above-mentioned
production method. In this case, it is preferable that the fourth liquid crystal display device includes a photo-alignment
film as the alignment film, and exposure is employed as an alignment treatment for such a photo-alignment film. In
addition, it is preferable that the alignment film is formed of a material (photo-alignment material) that can align liquid
crystal molecules in directions different depending on a photo-irradiation direction or a moving direction of a photo-
irradiation region.

[0089] In the first to fourth liquid crystal display devices, it is preferable that the pixel includes four or less domains,
and it is more preferable that the pixel includes four domains. According to this, the production steps can be suppressed
from being complicated, and further the first to fourth liquid crystal display devices can be excellent in viewing angle
characteristics. If the pixel includes two domains, the viewing angle characteristics in one of the upper-lower direction
and the right-left direction can be improved, but those in the other direction is difficult to improve. In contrast, if the pixel
includes four domains, the viewing angle characteristics in four directions perpendicular to each other, i.e., upper, lower,
right, and left directions, can be all improved. Additionally, the viewing angle characteristics in the four directions can
be almost uniform, i.e., the viewing angle characteristics excellent in symmetric property can be produced. As a result,
the first to fourth liquid crystal display devices show display characteristics free from viewing angle dependency. The
pattern in which the four domains are arranged is not especially limited, and a matrix pattern, a horizontal-stripe pattern
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may be mentioned. One pixel region may include four or more domains, but it complicates production processes and
increases the time for alignment treatment. Further, it has been known that the viewing angle characteristics are not so
different practically between the four-domain alignment division and five or more-domain alignment division.

[0090] Further, itis preferable in the first to fourth liquid crystal display devices of the present invention that the liquid
crystal layer includes liquid crystal molecules with negative dielectric anisotropy,

the alignment film is arranged on each of the pair of substrates, and

the alignment films align the liquid crystal molecules nearly vertically to surfaces of the alignment films when no voltage
is applied to the liquid crystal layer (vertical alignment film). As a result, a vertical alignment liquid crystal display device
can be produced.

[0091] Itis preferable in the first to fourth liquid crystal display devices of the present invention that the liquid crystal
layer includes liquid crystal molecules with positive dielectric anisotropy,

the alignment film is arranged on each of the pair of substrates, and

the alignment films align the liquid crystal molecules nearly horizontally to surfaces of the alignment films when no voltage
is applied to the liquid crystal layer (horizontal alignment film). As a result, a horizontal alignment liquid crystal display
device can be produced.

[0092] It is preferable in the first to fourth liquid crystal display devices of the present invention that an alignment
direction of the liquid crystal molecules near a surface of the alignment film on one of the pair of substrates is perpendicular
to an alignment direction of the liquid crystal molecules near a surface of the alignment film on the other substrate when
the pair of substrates are viewed in plane. As a result, a multi-domain TN or multi-domain VATN liquid crystal display
device can be produced. According to the VATN (vertical alignment twisted nematic) liquid crystal display device, liquid
crystal molecules are vertically aligned and form a twist structure when no voltage is applied to a liquid crystal layer due
to vertical alignment films that are arranged on substrates, respectively, so that their alignment treatment directions are
substantially perpendicular to each other when the substrates are viewed in plane.

[0093] According to the above-mentioned embodiment, the term "perpendicular” preferably means "perpendicular” to
such an extent that VATN display can be provided, more specifically.

[0094] Accordingly, the first to fourth liquid crystal display devices of the present invention may be appropriately
combined. The embodiments mentioned in the first to fourth liquid crystal display devices of the present invention may
be appropriately employed in combination.

EFFECT OF THE INVENTION

[0095] According to the production method of the liquid crystal display device of the present invention, the arrangement
forms of the domains and the dark line appearing between the domains are appropriately determined for desired display
characteristics in the display region, and in the frame region, at least one of the number and the area of the dark line
appearing between the domains can be different from that of the conventional dark line. That is, the dark line capable
of suppressing the light leakage from the frame region can appear in the frame region. In addition, the pattern of the
transmissive parts in the second mask part through which the alignment in the frame region is exposed is just adjusted
so that a dark line having a desired form appears in the frame region, and so any particular defects are not caused in
the production method of the liquid crystal display device of the present invention. As a result, a liquid crystal display
device capable of improving display qualities in the display region close to the frame region without causing any defects
can be produced. According to the liquid crystal display device of the present invention, light leakage from the frame
region can be suppressed without causing any defects. Thus, display qualities in the display region close to the frame
region can be improved without causing any defects.

BEST MODES FOR CARRYING OUT THE INVENTION

[0096] The present invention is mentioned in more detail below with reference to Embodiments using drawings, but
not limited to only these Embodiments.

Embodiment 1

[0097] Fig. 1is a plan view schematically showing a liquid crystal display panel in accordance with Embodiment 1.

[0098] A liquid crystal display panel 100 in the present Embodiment has a display region (effective display area) 31
and a frame region 32 surrounding the display region 31 (non-display region, non-effective display area) in a substrate
plane, as shown in Fig. 1. The display region 31 has a square shape and the frame region 32 has a band-shape, as
viewed in plane. The display region 31 is a region where images are displayed and it is constituted by a plurality of pixels
arrayed in a matrix pattern. The frame region 32 is a region which has no contribution to display and it is arranged around
the display region. The display region 31 includes a light-shielding region that is arranged around and/or inside each
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pixel. The liquid crystal display panel 100 has, around the frame region 32, a terminal region (substrate extending part)
33 where a plurality of terminals through which a driving IC is connected to the panel 100 are arranged.

[0099] Fig. 2 is a cross-sectional view schematically showing a configuration of the display region in the liquid crystal
display panel in accordance with Embodiment 1.

[0100] Asshown in Fig. 2, the liquid crystal display panel 100 in the present Embodiment includes: a pair of substrates
facing each other, i.e. , a first substrate 1 (e.g., a TFT array substrate) and a second substrate 2 (e.g., a CF substrate);
and a liquid crystal layer 3 interposed between the first substrate 1 and the second substrate 2. The first substrate 1
includes a transparent electrode 4a (pixel electrode) and a vertical alignment film 5a on a liquid crystal layer 3 side-
surface of an insulating substrate 26a in this order toward the liquid crystal layer 3. The transparent electrode 4a applies
a driving voltage to the liquid crystal layer 3. Similarly, the second substrate 2 includes a transparent electrode 4b
(common electrode) and a vertical alignment film 5b on a liquid crystal layer 3 side-surface of an insulating substrate
26b in this order toward the liquid crystal layer 3. The transparent electrode 4b applies a driving voltage to the liquid
crystal layer 3. A retarder 7a and a polarization plate 6a are arranged in this order on a surface on the side opposite to
the liquid crystal layer 3 side of the first substrate 1. A retarder 7b and a polarization plate 6b are arranged in this order
on a surface on the side opposite to the liquid crystal layer 3 side of the second substrate 2. The retarders 7a and 7b
may not be arranged, but preferably arranged in view of wide viewing angle. Only one of the retarders 7a and 7b may
be arranged.

[0101] Theliquid crystal layer 3 includes a nematic liquid crystal material with negative dielectric anisotropy (negative
nematic liquid crystal material), for example. Liquid crystal molecules in the liquid crystal layer 3 are aligned substantially
vertically to the surfaces of the vertical alignment films 5a and 5b when no driving voltage is applied to the liquid crystal
layer 3 (during non-voltage application). In fact, the liquid crystal molecules are aligned to have a small pretilt angle of
about 0.1° to several degrees with respect to the normal direction of the surfaces of the vertical alignment films 5a and
5b. Thatis, the vertical alignment films 5a and 5b provide the liquid crystal molecules with a small pretilt angle (preferably
85° or more and less than 90°). The term "pretilt angle" used herein means an angle made by a substrate surface and
a long axis direction of a liquid crystal molecule 3b, which is positioned near the alignment film surfaces, when no voltage
is applied. As the substrates are viewed in plane, a direction where the liquid crystal molecule 3b, which is positioned
near the alignment film surfaces, is tilted when no voltage is applied is a pretilt direction. When a sufficient driving voltage
not smaller than a certain threshold value is applied to the liquid crystal layer 3 (during voltage application), the liquid
crystal molecules are further tilted in a direction in accordance with a predetermined pretilt angle. More specifically, the
liquid crystal molecule 3a positioned at substantially the center in the thickness direction of the liquid crystal layer 3 is
tilted substantially parallel to surfaces of the first substrate 1 and the second substrate 2. The vertical alignment films
5a and 5b are formed of a photo-alignment material. The pretilt directions which the vertical alignment films 5a and 5b
regulate are determined by exposing surfaces of the vertical alignment films 5a and 5b through a photomask, for example,
from a direction oblique to the substrate surface.

[0102] Fig. 3is a plan view schematically showing a direction of photo-irradiation to the vertical alignment film in each
picture element in the liquid crystal display panel in accordance with Embodiment 1. Fig. 3(a) shows the first substrate.
Fig. 3(b) shows the second substrate. In Fig. 3, the dotted arrow shows a direction of photo-irradiation to the first substrate,
and the solid arrow shows a direction of photo-irradiation to the second substrate. Fig. 4 is a plan view schematically
showing: a direction of photo-irradiation to the vertical alignment film; an alignment direction of a liquid crystal molecule
when a voltage is applied; and a direction of a polarization axis of a polarization plate, in each picture element in the
liquid crystal display panel in accordance with Embodiment 1. In Fig. 4, the dotted arrow shows a direction of photo-
irradiation to the first substrate and the solid arrow shows a direction of photo-irradiation to the second substrate. Fig.
4 shows a liquid crystal molecule that is positioned at substantially the center in the thickness direction of the liquid
crystal layer and in each domain when the substrates are viewed in plane.

[0103] As shown in Fig. 3, in a picture element 8, the vertical alignment films 5a and 5b are exposed from directions
A and B that are opposite and parallel to each other as the substrates are viewed in plane. The directions of the photo-
irradiation to the vertical alignment films 5a and 5b are set to be different from each other by substantially 90° when the
first substrate 1 is attached to the second substrate 2, as shown in Figs. 3 and 4. As a result, in each domain, a pretilt
direction (alignment treatment direction) which the vertical alignment film 5a regulates and a pretilt direction (alignment
treatment direction) which the vertical alignment film 5b regulates are different from each other by about 90° in each
domain. Accordingly, in each domain, the liquid crystal molecules that are positioned near the vertical alignment films
5a and 5b are aligned in accordance with the pretilt directions which the vertical alignment films 5a and 5b regulate when
the substrates are viewed in plane. In addition, in the liquid crystal layer thickness direction, the liquid crystal molecules
are twisted 90° in such a way that the pretilt direction smoothly varies from the pretilt direction which the vertical alignment
film 5a regulates to the pretilt direction which the vertical alignment film 5b regulates. As shown in Fig. 4, the liquid crystal
molecule 3a is aligned in a direction different from the photo-irradiation direction by about 45° as the substrates are
viewed in plane. The liquid crystal molecules 3a are tilted in four directions different depending on the domain. Thus, in
the liquid crystal display panel 100, the liquid crystal molecules are twisted about 90° between the vertical alignment
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films whose pretilt directions (alignment treatment directions) are perpendicular to each other. So the liquid crystal display
panel 100 is in 4 domain-VATN mode. Each picture element 8 is divided into eight regions, but the liquid crystal molecules
3a are aligned in four different tilt directions. Therefore, the liquid crystal display panel 100 is a four domain-liquid crystal
display panel.

[0104] A dark line appears between adjacent domains (at a domain boundary) in such a multi-domain liquid crystal
display panel 100. The reason why the dark line appears between adjacent domains is mentioned below. When a voltage
is applied, the liquid crystal molecules in each domain of the multi-domain pixel (picture element) are tilted in the same
direction, but the liquid crystal molecules in different domains are tilted in different directions. Further, the liquid crystal
molecule is a continuous elastic body. Between the different domains, the liquid crystal molecules are aligned so that
liquid crystal molecules aligning in different directions are continuously connected. Accordingly, as shown in Fig. 4,
between different domains (domain boundary), for example, in four domain-alignment, the alignment direction of the
liquid crystal molecules is substantially the same or substantially perpendicular to the polarization axis direction of the
polarization plate when the liquid crystal display panel is viewed in front. A polarized light that passes through this region
where the liquid crystal molecules are aligned in a direction substantially the same or substantially perpendicular to the
polarization axis direction of the polarization plate is not retarded by the liquid crystal molecules. Accordingly, in this
region, the polarized light that has passed through the polarization plate that is arranged on the backlight side is not
influenced by the liquid crystal layer and blocked by the polarization plate that is arranged on the display screen side.
As aresult, the region where the liquid crystal molecules are aligned in the direction substantially the same or substantially
perpendicular to the polarization axis direction of the polarization plate, that is, the boundary between adjacent domains
(domain boundary) appears as a dark line with alow luminance (corresponding to the dark line in the present description).
Each picture element 8 includes a pixel electrode that overlaps with each picture element region. As a result, in the
display region 31, a dark line (an edge dark line) that appears due to an oblique electric field generated at an edge of
the picture element electrode may appear.

[0105] The four-domain VATN mode has an advantage in that the number of apparatus and the time for the alignment
treatment (tact time) can be reduced because four domains different in alignment direction of the liquid crystal molecules
3a can be formed just by performing exposure twice for each of the first substrate 1 and the second substrate 2, totally
four times, as shown in Fig. 3. Further, the embodiment in which one pixel (one picture element) is divided into four
domains is preferable in order to improve viewing angle characteristics of a liquid crystal display panel. In addition, a
photomask that is used for forming an alignment control structure such as arib (projection), which is used in a conventional
MVA mode and the like, is not needed, that is, photolithography does not need to be performed. As a result, the production
processes can be simplified. If one pixel (one picture element) is divided into two domains, the viewing angle charac-
teristics in one of the vertical direction and the horizontal direction can be improved, but the viewing angle characteristics
in the other direction can not be improved. It is not recommended that one pixel is divided into five or more domains
because the production processes become complex and the treatment needs more time. Further, it has been known
that the viewing angle characteristics are not so different practically between four domains and five or more domains.
[0106] According to the present Embodiment, the polarization plates 6a and 6b are arranged in such a way that a
polarization axis direction P of the polarization plate 6a is substantially perpendicular to a polarization axis direction Q
of the polarization plate 6b as the panel (substrates) is viewed in plane. The polarization plates 6a and 6b are arranged
in such a way that one of the polarization axis direction P of the polarization plate 6a and the polarization axis direction
Q of the polarization plate 6b is the same as the direction of photo-irradiation to the vertical alignment film 5a and the
other is the same as the direction of photo-irradiation to the vertical alignment film 5b. Accordingly, when a voltage is
applied, light incident from the polarization plate 6a side is polarized in the polarization axis direction P and then rotated
by 90° along the twist of the liquid crystal molecules in the liquid crystal layer 3, and then turned into light polarized in
the polarization axis direction Q and emitted from the polarization plate 6b. When no voltage is applied, the liquid crystal
molecules in the liquid crystal layer 3 remain to be vertically aligned, and so light polarized in the polarization axis direction
P passes through the liquid crystal layer 3 without being rotated, and then blocked by the polarization plate 6b. Thus,
the liquid crystal display panel 100 is a normally black liquid crystal display panel. The term "polarization axis" used
herein means an absorption axis. The polarization axis direction P of the polarization plate 6a and the polarization axis
direction Q of the polarization plate 6b are not especially limited to the directions shown in Fig. 4, respectively, and they
may be appropriately determined. It is preferable that the polarization axis directions of the pair of polarization plates 6a
and 6b are different from each other by about 90° when the panel (substrates) is viewed in plane. It is preferable that
the polarization plates 6a and 6b are arranged in a Cross-Nicol relationship.

[0107] According to the present Embodiment, the vertical alignment liquid crystal display panel is mentioned. However,
the liquid crystal display panel in the present Embodiment may be a horizontal alignment liquid crystal display panel. In
such a case, the liquid crystal layer 3 includes nematic liquid crystal materials with positive dielectric anisotropy (positive
nematic liquid crystal materials), and instead of the vertical alignment films 5a and 5b, horizontal alignment films may
be arranged on the liquid crystal layer 3 side surfaces of the first and second substrates 1 and 2.

[0108] A production method of the liquid crystal display panel in accordance with Embodiment 1 is mentioned below.
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Fig. 5 (a) is a plan view schematically showing the first substrate (TFT array substrate) in accordance with Embodiment
1. Fig. 5(b) is a plan view schematically showing the second substrate (CF substrate) in accordance with Embodiment 1.
[0109] First, the pair of substrates, the first substrate 1 and the second substrate 2, on which an alignment film is not
arranged, are produced by a common method. The following TFT array substrate is used as the first substrate 1, for
example. As shown in Fig. 5(a), on an insulating substrate (not shown) such as a glass substrate, scanning signal lines
9, drawing wirings 19, TFTs 11, data signal lines 10, and pixel electrodes 12 are successively arranged so that the
scanning signal lines 9 and the data signal lines 10 are arranged in a lattice pattern with an insulating film (not shown)
therebetween. At each intersection of the scanning signal lines 9 and the data signal lines 10, the TFT 11 and the pixel
electrode 12 are arranged, and the drawing wiring 19 is connected to the scanning signal line 9 and the data signal line
10. Thus, a region where the pixel electrodes 12 are arranged is a display region 31, and a surrounding region where
the pixel electrodes 12 are arranged in a matrix pattern is a frame region 32. The drawing wirings 19 are arranged in
the frame region 32. The drawing wiring 19 connected to the scanning signal line 9 may be formed from the same layer
as a layer where the scanning signal line 9 is formed, and the drawing wiring 19 connected to the data signal line 10
may be formed from the same layer as a layer where the data signal line 10 is formed.

[0110] The following CF substrate is used as the second substrate 2, for example. As shown in Fig. 5(b), on an
insulating substrate (not shown) such as a glass substrate, a black matrix (BM) 13, a color filter 14 composed of colored
layers of three colors, red (R), blue (G), and green (B), a protective film (not shown), and a transparent electrode film
(not shown) are successively arranged. Thus, the BM 13 is formed in a lattice pattern between the picture elements (the
pixel electrodes 12) and formed in a band shape to surround a region where the picture elements are arranged, and the
color filter 14 is formed in each region surrounded by the BM 13. Thus, according to the present Embodiment, one pixel
is composed of three picture elements of RGB arrayed in an x-axis direction (in the lateral direction as the display face
is viewed in front). The region where the BM 13 is formed in a lattice pattern is the display region 31 and the region
where the BM 13 is formed in a band shape is the frame region 32. The frame region 32 is light-shielded by the BM 13,
but as mentioned above, the thickness of the BM 13, which is generally formed of a black resin, tends to be reduced
recently. So light leakage from a region where no drawing wiring 19 is arranged in the frame region 32 can not be
prevented even if the BM 13 is arranged in the fame region 32 as a light-shielding member. The insulating substrate
that is used for the first substrate 1 and the second substrate 2 is not especially limited to a glass substrate as long as
it has an insulating surface. A material commonly used may be mentioned as a material for the first substrate 1 and the
second substrate 2.

[0111] Then, a solution containing a material for the photo-alignment film is applied to the first substrate 1 and the
second substrate 2 by spin casting and the like, and then the material is calcined at 180°C for 60 minutes, and as a
result, vertical alignment films 5a and 5b are formed. The material is not especially limited, and a resin containing a
photosensitive group and the like is mentioned. More specifically, polyimide containing a photosensitive group such as
a 4-chalcone group (the following formula (1)), a 4’-chalcone group (the following formula (2), a coumarin group (the
following formula (3)), and a cinnamoyl group (the following formula (4)) is preferable, for example. The photosensitive
groups represented by the formulae (1) to (4) undergo a crosslinking reaction (including dimerization reaction), an
isomerization reaction, a photoreorientation, and the like by light (preferably UV light). If these materials are used, a
variation in pretilt angle of the liquid crystal molecules in the alignment film plane can be effectively suppressed in
comparison to the case where a photodecomposition material is used as a material for the photo-alignment film. The
photosensitive groups represented by the following formulae (1) to (4) may have a structure in which a substituent group
is bonded to a benzene ring. A cinnamate group (CgH5-CH=CH-COO-) in which an oxygen atom is further bonded to a
carbonyl group in the cinnamoyl group represented by the following formula (4) has the advantage of being easily
synthesized. Accordingly, polyimide containing such a cinnamate group is more preferable as the material for the photo-
alignment film. The calcination temperature, the calcination time, and the thickness of the photo-alignment film are not
especially limited and they may be appropriately determined.

[0112]

[Formula 1]
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[0116] According to the present Embodiment, a photo-alignment material that is a photo-reactive material and provides
a liquid crystal molecule with a pretilt angle in an irradiation direction of a light beam is used. A photo alignment film
material that can regulate a pretilt direction in accordance with a moving direction of a photo-irradiation region can be
used, as disclosed in "Photo-Rubbing Method: A Single-Exposure Method to Stable Liquid-Crystal Pretilt Angle on Photo-
Alignment Film," M. Kimura and three et al, IDW’ 04: proceedings of the 11th International Display Workshops, IDW’ 04
Publication committee, 2004, and LCT2-1, p.35-38". In this case, there is no need to cause light to enter the substrate
from an oblique direction, and light can be caused to enter the substrate substantially vertically.

[0117] Procedures for exposing the alignment film are mentioned below. Fig. 6 is a schematic view showing an
embodiment of scanning exposure for an alignment film (substrate) in the exposure step (the 1st scan) in accordance
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with Embodiment 1. Fig. 6(a) is a plan view. Fig. 6(b) is a side view. In Fig. 6(b), the black arrow shows an irradiation
direction of a polarized UV light (photo-irradiation direction), and the white arrow shows a moving direction of the first
substrate. Fig. 7 is a cross-sectional view schematically showing an embodiment of photo-irradiation to the alignment
film (substrate) in the exposure step in accordance with Embodiment 1. Fig. 8 is a schematic view showing an embodiment
of scanning exposure for an alignment film (substrate) in the exposure step (the 2nd scan) in accordance with Embodiment
1. Fig. 8 (a) is a plan view. Fig. 8(b) is a side view. In Fig. 8(b), the black arrow shows an irradiation direction of a polarized
UV light (photo-irradiation direction), and the white arrow shows a moving direction of the first substrate. An upper part
of Fig. 9is a front view schematically showing an embodiment of a photomask, specifically, a part that is used for exposing
a display region in the first substrate in the exposure step (the 1st and 2nd scan) in accordance with Embodiment 1. A
lower part of Fig. 9 is a front view schematically showing picture elements in the first substrate where the alignment film
is exposed through the photomask shown in the upper part. In Fig. 9, the black arrow shows a photo-irradiation direction.
An upper part of Fig. 10 is a front view schematically showing an embodiment of a photomask, specifically, parts that
are used for exposing a display region and a frame region in the first substrate in the exposure step (the 1st and 2nd
scan) in accordance with Embodiment 1. A lower part of Fig. 10 is a front view schematically showing a display region
near a corner of the first substrate where the alignment film is exposed through the photomask shown in the upper part.
This lower part also shows dark lines (gray lines) that can appear in the case that the alignment film is exposed through
this photomask. A left part of Fig. 11 is a front view schematically showing an embodiment of a photomask, specifically,
parts that are used for exposing a display region and a frame region in the second substrate in the exposure step (the
1st and 2nd scan) in accordance with Embodiment 1. A right part of Fig. 11 is a front view schematically showing a
display region near a corner of the second substrate where the alignment film is exposed through the photomask shown
in the upper part. The right part also shows dark lines (gray lines) that can appear when the alignment film is exposed
through this photomask.

[0118] According to the present Embodiment, the alignment film is exposed by scanning exposure or shot exposure.
The scanning exposure is mentioned below.

[0119] Steps of exposure for the first substrate are mentioned. A photomask 20a shown in Fig. 6(a) is used. The
photomask 20a has a mask part 21a (a first mask part) and a mask fine part 22a (a second mask part) arranged on both
sides of the mask part 21a. The photomask 20a has a plurality of slits extending toward a moving direction mentioned
below of the first substrate 1 (an x-axis direction in Fig. 6, a vertical direction as the display face is viewed in front), and
the plurality of slits are arrayed in a direction perpendicular to the moving direction of the first substrate 1 (an y-axis
direction in Fig. 6, a lateral direction as the display face is viewed in front). That is, the photomask 20a has a slit pattern.
More specifically, the mask part 21a has a plurality of slits 25a each having a rectangular shape as viewed in plane,
within a light-shielding region. Each slit 25a has a width substantially half of a pitch of picture elements in the y-axis
direction. The plurality of slits 25a are arranged at a pitch substantially the same as the pitch of picture elements in the
y-axis direction. The mask fine part 22a has a plurality of slits 25b each having a rectangular shape as viewed in plane.
The plurality of slits 25b are arranged substantially parallel to the slits 25a. Each slit 25b is finer than the slit 25a that is
used for exposing the display region 31. More specifically, the width of each slit 25b is smaller than the width of each
slit 25a in the y-axis direction, and further, the slits 25b are arranged at a pitch smaller than a pitch of the slits 25a in the
y-axis direction. The width and pitch of the slits 25b may be appropriately determined, but in view of alignment accuracy
of an exposure apparatus, it is preferable that the slit 25b has a width of about 12 pm to 20 um and that the slits 25b
are arranged at a pitch of about 24 pm to 40 wm. In order to more suppress light leakage by increasing the number of
dark lines (area of dark lines) in the frame region, the width of the slit 25b in the mask fine part 22a may be smaller than
values within the above-mentioned range, and also the slits 25b may be arranged at a pitch smaller than values within
the above-mentioned range. However, in view of alignment accuracy of an exposure apparatus or a blurred dark line,
the advantages of the present invention (suppression of light leakage) are not improved any more even if the width and
the pitch of the slit 25b are further decreased. So it is preferable that the width and the pitch of the slit 25b are within the
above-mentioned ranges, respectively.

[0120] As shown in Fig. 6(a), the photomask 20a and the first substrate 1, each produced in the above-mentioned
manner, are arranged so that the mask part 21a overlaps with the display region 31 and the mask fine part 22a overlaps
with only the frame region 32. Thus, the photomask 20a has the two mask fine parts 22a and the mask part 21a. The
two mask fine parts 22a overlap with only the frame region 32. The mask part 21a overlaps with the display region 31
and a region adjacent to the display region 31 in the longitudinal direction of the slit 25a in the frame region 32. The
mask fine part 22a is adjacent to the mask part 21a in the latitudinal direction of the slit 25a in the mask part 21a (in the
direction perpendicular to the moving direction of the first substrate 1). As a result, the alignment film in the display region
31 and the frame region 32 can be efficiently exposed through the photomask 20a. A light source (not shown) is arranged
above the photomask 20a.

[0121] The position between the slits 25a of the photomask 20a and the picture elements in the first substrate 1 is
adjusted, and then, as shown in Fig. 6(b), a polarized UV light (shown by the black arrow in Fig. 6(b)) is radiated to the
first substrate 1 while the first substrate 1 is moved in -x direction (shown by the white arrow in Fig. 6 (b)), thereby exposing
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the vertical alignment film 5a, which is arranged on the first substrate 1 surface, from one end to the other through the
photomask 20a (the 1st scan). In this case, the first substrate 1 is moved so that the slit 25a is positioned along the bus
wirings such as the data signal line 10 and the scanning signal line 9, which is arranged on the first substrate 1. As
shown in Figs. 6(b) and 7, the first substrate 1 is irradiated with polarized UV light 15 from an oblique direction. The
polarized UV light 15 is radiated to the first substrate 1 from the longitudinal direction of the slits 25a and 25b as the first
substrate 1 is viewed in plane. The photomask 20a and the first substrate 1 are arranged with a certain distance (a
proximity gap 16). Attributed to this distance, the first substrate 1 is moved smoothly, and even if the photomask 20a
sags under its own weight, the photomask 20a is suppressed from being in contact with the first substrate 1. As a result
of the 1st scan, each about a half pixel (each about a half picture element) in the display region 31 and about a half of
the frame region 32 are provided with the alignment treatment. As shown in Fig. 7, the liquid crystal molecules 3b, which
are positioned near the vertical alignment film 5a surface, each have a pretilt angle 17. This pretilt angle 17 is substantially
uniform in each exposure region. The scanning exposure in the present invention may have an embodiment in which
the substrate is fixed and the photomask and the light-source are moved.

[0122] The first substrate 1 is rotated 180° in the substrate plane, and then as shown in Fig. 8(a), the position between
the slits 25a in the mask part 21a and the picture elements in the first substrate 1 is adjusted so that each slit 25a is
positioned in an unexposure region of each picture element. In this case, the slit 25b in the mask fine part 22a is positioned
in an unexposure region of the frame region 32. Then, as shown in Fig. 8(b), a polarized UV light (shown by the black
arrow in Fig. 8(b)) is radiated to the first substrate 1 while the first substrate 1 is moved in + x direction (shown by the
white arrow in Fig. 8(b), the direction opposite to that shown in Fig. 6(b)), thereby exposing the vertical alignment film
5a, which is arranged on the first substrate 1 surface, from one end to the other through the photomask 20a (the 2nd
scan), as performed in the 1st scan shown in Fig. 6(b). As a result of the 2nd scan, the rest substantially half region of
each pixel (each picture element) and the rest substantially half region of the frame region 32 are provided with alignment
treatment, and thus, the entire region of the vertical alignment film 5a, which is on the first substrate 1, is exposed. The
light source and the photomask 20a are fixed during the 1st and 2nd scan. So an incident angle of the light beam (shown
by the black arrow in Fig. 8 (b)) in the 2nd scan with respect to the first substrate 1 is substantially the same as an
incident angle of the light beam (shown by the black arrow in Fig. 6(b)) in the 1st scan with respect to the first substrate
1. In addition, the first substrate 1 is rotated 180° before the 2nd scan, and so the direction of the light beam radiated to
the first substrate 1 (the photo-irradiation direction) in the 1st scan is just opposite to the direction of the light beam
radiated to the first substrate 1 (the photo-irradiation direction) in the 2nd scan when the first substrate 1 is viewed in
plane, as shown in the upper part in Fig. 9. That is, in the display region 31, each picture element 8 in the first substrate
1(a picture element 8R, a picture element 8G, a picture element 8B) is divided into two regions different in alignment
direction, as shown in Fig. 3(a) and the lower part of Fig. 9. The alignment directions of the two regions are opposite
and parallel to each other. In a liquid crystal display panel including thus-exposed first substrate 1, a plurality of dark
lines appear when an image is displayed in an intermediate or higher gradation level on a display screen and the image
is viewed in front. As shown in Fig. 10, a plurality of dark lines 27a (first dark lines) each appearing between adjacent
exposure regions, i.e., adjacent domains, (domain boundary which corresponds to the boundary between the slits 25a
in the photomask 20a), appear at a constant pitch in the display region 31. In addition, a plurality of dark lines 27b
(second dark lines) each appearing between adjacent exposure regions, i.e., adjacent domains, (domain boundary which
corresponds to the boundary between the slits 25b in the photomask 20a), appear at a constant pitch in the frame region
32. The dark lines 27a and 27b are parallel to each other, but, the pitch of the dark lines 27a is different from that of the
dark lines 27b. A pitch Wb of the dark lines 27b is smaller than a pitch Wa of the dark lines 27a.

[0123] The vertical alignmentfilm 5b, whichis arranged on the second substrate 2, is also exposed through a photomask
20b having a slit pattern, similarly to the first substrate. That is, exposure (1st and 2nd scan) is performed using the
photomask 20b having a mask part 21b where slits 25c are arranged and a mask fine part 22b where slits 25d finer than
the slits 25c are formed. In this case, the slit 25¢ has a width about quarter of a pitch of the picture elements in the
direction perpendicular to the moving direction of the second substrate 2 (the y-axis direction in Fig. 11, the vertical
direction as the display face is viewed in front). Further, the slits 25¢ are arranged at a pitch about half of the pitch of
the picture elements in the y-axis direction. A plurality of slits 25d are arranged substantially parallel to the slits 25c. The
width of each slit 25d is smaller than the width of each slit 25¢ in the y-axis direction, and further, the slits 25d are
arranged at a pitch smaller than a pitch of the slits 25c¢ in the y-axis direction. The width and pitch of the slits 25d in the
mask fine part 22b may be appropriately determined, but in view of alignment accuracy of an exposure apparatus, it is
preferable that the slit 25d has a width of about 12 um to 20 pm and that the slits 25d are arranged at a pitch of about
24 pm to 40 pm.

[0124] Thus, in the display region 31, each picture element in the second substrate 2 is divided into two regions
different in alignment direction, as shown in Fig. 3(b). The alignment directions of the two regions are opposite and
parallel to each other. As shown in Fig. 7, liquid crystal molecules that are positioned near a surface of the vertical
alignment film 5b, which is arranged on the second substrate 2, each have a pretilt angle. This pretilt angle is substantially
uniform in each domain, similarly to the first substrate 1. In a liquid crystal display panel including thus-exposed second
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substrate 2, a plurality of dark lines appear when an image is displayed in an intermediate or higher gradation level on
a display screen and the image is viewed in front. As shown in Fig. 11, a plurality of dark lines 27c (third dark lines) each
appearing between adjacent exposure regions, i.e., adjacent domains, (domain boundary which corresponds to the
boundary between the slits 25¢ in the photomask 20b), appear at a constant pitch in the display region 31. In addition,
a plurality of dark lines 27d (fourth dark lines) each appearing between adjacent exposure regions, i.e., adjacent domains,
(domain boundary which corresponds to the boundary between the slits 25d in the photomask 20b), appear at a constant
pitch in the frame region 32. The dark lines 27c and 27d are parallel to each other, but the pitch of the dark lines 27c is
different from that of the dark lines 27d. A pitch Wd of the dark lines 27d is smaller than a pitch Wc of the dark lines 27c.
[0125] Thus, one picture element is divided into four domains in the present Embodiment. That is, the alignment
division is performed in the following manner: the TFT array substrate is exposed through the photomask where the
transmissive parts are arranged in a stripe pattern, each of the transmissive parts having a width about half of the picture
element pitch in the lateral direction (the x-axis direction in Fig. 5) when the display face of the liquid crystal display
panel is viewed in front; and the CF substrate is exposed through the photomask where the transmissive parts are
arranged in a stripe pattern, each of the transmissive parts having a width about quarter of the picture element pitch in
the vertical direction (the y-axis direction in Fig. 5, the picture element pitch and the pixel pitch in the vertical direction
are the same in the present Embodiment). The pattern of the transmissive parts is not especially limited, and it may be
appropriately determined depending on a layout of the pixel (picture element), a pixel (picture element) size, a resolution
of a panel, and the like. According to the present Embodiment, the four domains are arranged in a matrix pattern. The
pattern in which the four domains are arranged is not especially limited, and a horizontal-stripe pattern may be mentioned.
In addition, if each picture element is further divided into some sub-pixels, the photomask has a slit pattern for alignment
division of each sub-pixel.

[0126] Usable materials and suitable conditions of the production processes in the present Embodiment are mentioned
below, but not limited thereto. The light beam for the exposure is not especially limited a polarized UV light, and it may
be appropriately determined depending on the alignment film material, the production process, and the like. Non-polarized
light (extinction ratio =1:1) may be used.

Liquid crystal material: nematic liquid crystal having a birefringence An of 0.06 to 0.14, a dielectric anisotropy Ae of -2.0
to -8.0, a Tni (transition temperature of nematic-anisotropic phase) of 60°C to 110°C

Pretilt angle: 85° to 89.9°

Cellgap: 2 pm to 5 um

Irradiation energy density: 0.01 to 5J/cm?

Proximity gap: 10 pm to 250 um

Light source: a low pressure mercury lamp, a high pressure mercury lamp, a heavy hydrogen lamp, a metal halide lamp,
an argon resonance lamp, a xenon lamp, an excimer laser

Extinction ratio of polarized UV light (polarization degree): 1:1 to 60:1

Irradiation direction of UV light: a direction that makes an angle of 0° to 60° with the normal direction of the substrate surface
[0127] A step of attaching the first substrate 1 to the second substrate 2 is mentioned below. In this attachment step,
a sealing member is arranged around the first substrate 1 or the second substrate 2, prepared as above. Then, plastic
beads each having a diameter of 4 um are sprayed on the substrate 1 or 2 on which the sealing member has been
arranged, and then, the first substrate 1 and the second substrate 2 are attached to each other. The relationship of the
light beam-irradiation direction of the both substrates in one picture elementis as shown in Fig. 4. The scanning directions
for the substrates facing each other are substantially perpendicular to each other in each domain.

[0128] Then, the above-mentioned liquid crystal materials are injected between the first substrate 1 and the second
substrate 2, and the liquid crystal molecules exhibit pretilt angles different depending on the domain. As a result, in each
domain, the liquid crystal molecules 3a, which is positioned near the center in the in-plane direction and in the thickness
direction of the liquid crystal layer 3, are aligned at 45° with respect to the light beam-irradiation direction when the
substrate is viewed in plane as shown in Fig. 4.

[0129] The retarder 7a and the polarization plate 6a are attached to the external side-surface of the first substrate 1
and the retarder 7b and the polarization plate 6b are attached to the external side-surface of the second substrate 2.
The two polarization plates 6a and 6b are attached so that their polarization axes are in a relationship shown in Fig. 3.
As a result, the liquid crystal molecules are almost vertically aligned when no voltage is applied, and so the liquid crystal
display panel 100 in the present Embodiment provides excellent black display (excellent normally black display) . The
liquid crystal display panel 100 in the present Embodiment shows display characteristics hardly depending on a viewing
direction because one pixel (one picture element) is divided into four domains different in alignment direction of liquid
crystal molecules.

[0130] Then, after common module-producing steps, a liquid crystal display device in the present Embodiment is
completed.

[0131] A display screen of the liquid crystal display device in the present Embodiment is mentioned below. Fig. 12 is
a front view schematically showing a display region near a corner in the liquid crystal display device in accordance with
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Embodiment 1 when an image is displayed in an intermediate or higher gradation level.

According to a liquid crystal display device 200 in the present Embodiment, when animage is displayed in an intermediate
or higher gradation level (white, for example) on the display screen and this image is viewed in front, a plurality of dark
lines 27a and a plurality of dark lines 27b appear in the x-axis direction (the lateral direction as the display face is viewed
in front), and a plurality of dark lines 27c and a plurality of dark lines 27d appear in the y-axis direction (the vertical
direction as the display face is viewed in front) as in Fig. 12. The plurality of dark lines 27a each appearing between
adjacent domains (domain boundary) in the display region 31 appear at a constant pitch, and further, the plurality of
dark lines 27b each appearing between adjacent domains (domain boundary) in the frame region 32 appear at a constant
pitch. The plurality of dark lines 27¢ each appearing between adjacent domains (domain boundary) in the display region
31 appear at a constant pitch. The plurality of dark lines 27d each appearing between adjacent domains (domain
boundary) in the display region 32 appear at a constant pitch. The dark lines 27a and 27b are parallel to each other,
and the dark lines 27¢c and 27d are parallel to each other. A pitch Wb of the dark lines 27b is smaller than a pitch Wa of
the dark lines 27a, and a pitch Wd of the dark lines 27d is smaller than a pitch Wc of the dark lines 27c. In the display
region 31, a dark line having a swastika shape appears because in addition to the dark lines 27a, the edge dark line
(not shown) appears in the display region 31 and they are united.

[0132] When an image is displayed in an intermediate or higher gradation level on the display screen of the liquid
crystal display device 200 and this image is viewed in front, the dark lines 27a and 27c appear in the display region 31,
and the dark lines 27b and 27d appear in the frame region 32. Pitches of the dark lines 27b and 27d are smaller than
those of the dark lines 27a and 27c. Compared with a conventional liquid crystal display device where a pitch of dark
lines is the same between the display region and the frame region, light leakage from a region where no drawing wirings
19 are arranged of the frame region 32 can be more suppressed in the liquid crystal display device 200 because the
number and area of the dark lines 27b and 27d are intentionally increased in the frame region 32. These dark lines 27b
and 27d continue to be dark regions also when a white image is displayed. So even if an electric field generated by the
drawing wiring 19 and the like influences the dark lines 27b and 27d, the frame region 32 is light-shielded by the dark
lines 27b and 27d.

[0133] According to the present Embodiment, the exposure for the first substrate 1 and the second substrate 2 facing
each other is performed using the photomask where slits through which the display region 32 is exposed are arranged
at a smaller pitch. So at corners of the frame region in the device 200, dark lines appear in a lattice pattern because the
dark lines 27b and 27d, which are arranged at a smaller pitch, are substantially perpendicular to each other. As a result,
a light-shielding ratio in the frame region 32 can be more increased attributed to the dark lines.

[0134] The scanning exposure for the alignment film is mentioned above, but the alignment film may be exposed by
shot exposure in the production method of the liquid crystal display device in the present Embodiment. Fig. 13 is a
schematic view showing an embodiment of shot exposure for an alignment film (substrate) in the exposure step in
accordance with Embodiment 1. Fig. 13(a) is a plan view. Fig. 13(b) is a side view. In Fig. 13(b), the black arrow shows
an irradiation direction of a polarized UV light (photo-irradiation direction).

[0135] The alignment film (the display region 31 and the frame region 32), which is arranged on the substrate 18(the
first substrate 1 and/or the second substrate 2), is exposed at one time using a photomask 20c having a mask part 21c
and a mask fine part 22c, with the substrate 18 and a light source (not shown), which is arranged above the photomask
20c, being fixed. Similarly to the scanning exposure, the mask fine part 22¢ have slits 25f, and each slit 25f has a width
smaller than a width of a slit 25e in the mask part 21x and the slits 25f are arranged at a pitch smaller than a pitch of
the slits 25e. In the shot exposure, the substrate 18 or the photomask 20c is moved by about half or about quarter of a
picture element pitch in a direction perpendicular to the longitudinal direction of the slits 25e and 25f after the first
exposure (the 1st shot) and before the second exposure (the 2nd shot), and thereby, the position between the slits 25e
in the mask part 21c and picture elements in the substrate 18 is adjusted so that the slit 25e is positioned in an unexposure
region of each picture element in the 2nd shot. As mentioned above, in the shot exposure, the substrate 18 does not
need to be rotated 180° in the substrate plane, but a direction of photo-irradiation to the substrate face needs to be
changed between the 1st shot and the 2nd shot, for example, by changing a position of the light source.

[0136] According to the production method of the liquid crystal display device in the present Embodiment, the photo-
mask that is used for the 1st scan may be also used for the 2nd scan just by moving the position of the photomask. An
upper part of Fig. 14 is a front view schematically showing another embodiment of a photomask, specifically, parts that
are used for exposing a display region and a frame region of a substrate in the exposure step in accordance with
Embodiment 1. A lower part of Fig. 14 is a front view schematically showing a display region near a corner of the substrate
where the alignment film is exposed through the photomask shown in the upper part. The lower part also shows dark
lines (gray lines) that can appear when the alignment film is exposed in this photomask.

[0137] In this case, similarly to the photomask 20a and the like, the photomask 20d includes slits 25g through which
the display region 31 is exposed and slits 25h through which the frame region 32 is exposed. The width of the slit 25h
is smaller than that of the slit 25g. The slits 25h are arranged at a pitch smaller than that of the slits 25g. A pair of the
slit 25h and a light-shielding region (black and white pair) is inverted in accordance with a moving distance of the
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photomask 20d between the 1st scan and the 2nd scan (pitch shift amount). The 1st scan is performed using this
photomask 20d, and the photomask 20d is moved by about half the picture element pitch, and then the 2nd scan is
performed. As a result, a region where a plurality of dark lines 27f appear at a pitch smaller than a pitch of a plurality of
dark lines 27e appearing in the display region 31 can be formed in the frame region 32, and so the alignment film (the
vertical alignment film 5a and/or the vertical alignment film 5b) has no unexposure part also in the region which is exposed
through the slits 25h that are formed at a smaller pitch. Thus, the substrate does not need to be rotated 180° in the
substrate plane when the position of the photomask is changed between the 1st exposure and the 2nd exposure.
However, in this case, similarly to the shot exposure, a direction of photo-irradiation to the substrate face needs to be
changed between the 1st shot and the 2nd shot, for example, by changing a position of a light source. This embodiment
may be applied to the shot exposure.

[0138] According to the present Embodiment, the mask fine part has the slits that are formed at a constant pitch, but
the pitch is not necessarily constant and the slits may be formed randomly.

Embodiment 2

[0139] Embodiment 2 is mentioned below. The overlapping contents between the present Embodiment and Embod-
iment 1 are omitted and not shown in drawings because a difference between the two is just an embodiment of the slits
through which the frame region is exposed of the photomask. Fig. 15 is a schematic view showing an embodiment of
exposure for an alignment film (a second substrate) in the exposure step (the 1st scan) in accordance with Embodiment
2. Fig. 15(a) is a plan view of a photomask. Fig. 15 (b) is a plan view of the second substrate. Fig. 16 is a schematic
view showing an embodiment of exposure for the alignment film (the second substrate) in the exposure step (the 2nd
scan) in accordance with Embodiment 2. Fig. 16(a) is a plan view of the photomask. Fig. 16(b) is a plan view of the
second substrate. Fig. 17 is a plan view schematically showing one picture element in a display region of a liquid crystal
display panel in accordance with Embodiment 2. Fig. 17(a) shows a direction of photo-irradiation to a vertical alignment
film. Fig. 17 (b) shows an alignment direction of a liquid crystal molecule when a voltage is applied. Fig. 17(c) shows a
dark line appearing when an image is displayed in an intermediate or higher gradation level. In Fig. 17 (a), the solid
arrow shows a direction of photo-irradiation to a first substrate, and the dot arrow shows a direction of photo-irradiation
to the second substrate. Fig. 17(b) shows a liquid crystal molecule that is positioned at substantially the center in the
thickness direction of the liquid crystal layer and in each domain when the substrate is viewed in plane. Fig. 18 is a plan
view schematically showing one picture element in a frame region of the liquid crystal display panel in accordance with
Embodiment 2. Fig. 18(a) shows a direction of photo-irradiation to a vertical alignment film. Fig. 18 (b) shows an alignment
direction of a liquid crystal molecule when a voltage is applied. Fig. 18(c) shows a dark line appearing when an image
is displayed in an intermediate or higher gradation level. In Fig. 18(a), the solid arrow shows a direction of photo-irradiation
to the first substrate, and the dot arrow shows a direction of photo-irradiation to the second substrate. Fig. 18(b) shows
a liquid crystal molecule that is positioned at substantially the center in the thickness direction of the liquid crystal layer
and in each domain when the substrate is viewed in plane.

[0140] Exposure for a second substrate 2 is mentioned below. A photomask 20e in the present Embodiment has a
mask part 21d (a first mask part) through which a display region 31 is exposed and a mask frame part 23a (a second
mask part) through which a frame region 32 is exposed, as shown in Fig. 15 (a). The mask part 21d has a plurality of
slits 25i within a light-shielding region. The plurality of slits 25i each have a rectangular shape as viewed in plane. The
slit 25i is arranged so that its longitudinal direction is in the lateral direction when the substrate is viewed in front. The
width of the slit 25i is about quarter of a picture element pitch in the vertical direction when the second substrate 2 is
viewed in front. The pitch of the slits 25i is about half the picture element pitch in the vertical direction when the second
substrate 2 is viewed in front. The mask frame part 23a has a plurality of slits 25j within the light-shielding region. The
plurality of slits 25j each have a rectangular shape as viewed in plane. The slit 25j is arranged so that its longitudinal
direction is in the vertical direction when the substrate is viewed in front. Thus, the array direction of the slits 25i is
perpendicular to that of the slits 25j. That is, the longitudinal direction of the slit 25i is perpendicular to that of the slit 25j.
The width and pitch of the slits 25j are the same as those of the slits 25j, but may be appropriately determined.

[0141] Then, exposure procedures using the photomask 20e are mentioned. In the present Embodiment, the alignment
film is exposed by shot exposure. More specifically, the second substrate 2 and the photomask 20e are arranged so
that the mask part 21d overlaps with the display region 31 and the mask frame 23a overlaps with the frame region 32.
The position between the slits 25i and the picture elements in the second substrate 2 is adjusted, and then, similarly to
Embodiment 1, a polarized UV light is radiated to the second substrate 2 from a direction oblique thereto, thereby
exposing the vertical alignment film 5b (the 1st shot). More specifically, the vertical alignment film 5b is exposed from
the longitudinal direction of the slit 25i. As a result of the 1st shot, exposure regions 34a are formed in a stripe pattern
in the display region 31 which is exposed through the slits 25i, and exposure regions 34b are formed in a stripe pattern
in the frame region 32 which is exposed through the slits 25j. The longitudinal direction of the exposure region 34b having
a stripe pattern is perpendicular to that of the exposure region 34a having a stripe pattern.
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[0142] Then, the photomask 20e is moved in a direction oblique to the second substrate 2, as shown in Fig. 16(a).
More specifically, the photomask 20e is moved by a pitch of the slits 25i in the vertical direction and by a pitch of the
slits 25j in the lateral direction when the second substrate 2 is viewed in front. The position between the photomask 20e
and the second substrate 2 is adjusted so that each slit 25i is positioned in an unexposure region of each picture element.
Then, the vertical alignment film 5b is exposed from a direction opposite to the UV light-irradiation direction in the 1st
shot, for example, after changing a position of a light source. As a result of the 2nd shot, as shown in Fig. 16(b), exposure
regions 34c are formed in a stripe pattern in the display region 31 which is exposed through the slits 25i, and exposure
regions 34d are formed in a stripe pattern in the frame region 32 which is exposed through the slits 25j, similarly to the
1st shot.

[0143] The first substrate 1 is also exposed twice (the 1st shot and the 2nd shot), thereby exposing the vertical
alignment film 5a, similarly to the second substrate 2. As shown in Figs. 17(a) and 18(a), the direction of radiating UV
light to the first substrate 1 is perpendicular to that to the second substrate 2 both in the display region 31 and the frame
region 32 when the first substrate 1 and the second substrate 2 are attached to each other.

[0144] As a result of the 1st and 2nd exposure, each picture element in the display region 31 is divided into four
domains 28a, 28b, 28c, and 28d, as shown in Fig. 17(a). Also, each picture element in the frame region 32 is divided
into four domains 28e, 28f, 28g, and 28h, as shown in Fig. 18(a). More specifically, as shown in Fig. 17(b), when the
right horizontal direction is defined as 0° as the display face is viewed in front, a liquid crystal molecule 30a (hereinafter,
also referred to as a "central liquid crystal molecule"), which is positioned at substantially the center in the thickness
direction of the liquid crystal layer and in the domain 28a when the substrate is viewed in plane, has a tilt angle of 225°;
a central liquid crystal molecule 30b has a tilt angle of 315° in the domain 28b; a central liquid crystal molecule 30c has
a tilt angle of 45° in the domain 28c¢; and a central liquid crystal molecule 30d has a tilt angle of 135° in the domain 28d.
Thus, the central liquid crystal molecules 30a, 30b, 30c, and 30d are tilted in a concentric pattern. As shown in Fig. 18
(b), when the right horizontal direction is defined as 0° as the display face is viewed in front, a central liquid crystal
molecule 30e has a tilt angle of 135° in the domain 28e; a central liquid crystal molecule 30f has a tilt angle of 225° in
the domain 28f; a central liquid crystal molecule 30g has a tilt angle of 315° in the domain 28g; and a central liquid crystal
molecule 30h has a tilt angle of 45° in the domain 28h. Thus, the central liquid crystal molecules 30e, 30f, 30g, and 30h
are tilted in a radial pattern.

[0145] The tilt directions of the molecule 30a in the domain 28a and the molecule 30f in the domain 28f are the same;
the tilt directions of the molecule 30b in the domain 28b and the molecule 30g in the domain 28g are the same; the tilt
directions of the molecule 30c in the domain 28c and the molecule 30h in the domain 28h are the same; and the tilt
directions of the molecule 30d in the domain 28d and the molecule 30e in the domain 28e are the same. Thus, the
arrangement form of the domains 28a, 28b, 28c, and 28d in the display region 31 is different from that of the domains
28e, 28f, 28¢g, and 28h in the frame region 32.

[0146] A dark line 27g having a swastika shape appears at a boundary among the domains 28a, 28b, 28c, and 28d
in the display region 31, as shown in Fig. 17(c). A dark line 17h having a lattice shape appears at a boundary among
the domains 28e, 28f, 28g, and 28h in the frame region 32, as shown in Fig. 18(c). The width of the dark line 27h in the
frame region 32 is larger than that of the dark line 27g in the display region 31. A region that is light-shielded by the dark
line in the frame region 32 is larger than that in the display region 31.

[0147] Thus, according to the present Embodiment, the display region 31 and the frame region 32 are exposed through
the two slits 25i and 25j that are arranged in directions different by 90°. As a result, the combination of the domains in
the display region 31 is advantageous to an aperture, and the combination of the domains in the frame region 32 is
disadvantageous to an aperture. In contrast to the present Embodiment, in a conventional liquid crystal display device,
the combination of domains is the same between the display region and the frame region, and so the combination of
domains in the frame region is also advantageous to an aperture. Accordingly, according to the present Embodiment,
an area of a region light-shielded by the dark lines in the frame region 32 is larger than that in the conventional liquid
crystal display device and so the light leakage can be suppressed.

[0148] Inthe present Embodiment, the width and pitch of the slits 25j are preferably smaller than those of the slits 25i,
respectively, although they may be appropriately determined. As a result, the light leakage from the frame region 32 can
be more suppressed.

Embodiment 3

[0149] Embodiment 3 is mentioned below. The overlapping contents between the present Embodiment and Embod-
iments 1 and 2 are omitted and are not shown in drawings because a difference between the two is just an embodiment
of the transmissive parts through which the frame region is exposed of the photomask. Fig. 19 is a schematic view
showing an embodiment of exposure for an alignment film (a second substrate) in the exposure step (the 1st shot) in
accordance with Embodiment 3. Fig. 19 (a) is a plan view of a photomask. Fig. 19(b) is a plan view of the second
substrate. Fig. 20 is a schematic view showing an embodiment of exposure for the alignment film (the second substrate)
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in the exposure step (the 2nd shot) in accordance with Embodiment 3. Fig. 20(a) is a plan view of the photomask. Fig.
20 (b) is a plan view of the second substrate. Fig. 21 is a plan view schematically showing one picture element in a
display region of a liquid crystal display panel in accordance with Embodiment 3. Fig. 21 (a) shows a direction of photo-
irradiation to a vertical alignment film. Fig. 21(b) shows an alignment direction of a liquid crystal molecule when a voltage
is applied. Fig. 21(c) shows a dark line appearing when an image is displayed in an intermediate or higher gradation
level. In Fig. 21(a), the solid arrow shows a direction of photo-irradiation to a first substrate, and the dot arrow shows a
direction of photo-irradiation to the second substrate. Fig. 21(b) shows a liquid crystal molecule that is positioned at
substantially the center in the thickness direction of the liquid crystal layer and in each domain when the substrate is
viewed in plane. Fig. 22 is a plan view schematically showing one picture element in a frame region of the liquid crystal
display panel in accordance with Embodiment 3. Fig. 22(a) shows a direction of photo-irradiation to a vertical alignment
film. Fig. 22(b) shows an alignment direction of a liquid crystal molecule when a voltage is applied. Fig. 22(c) shows a
dark line appearing when an image is displayed in an intermediate or higher gradation level. In Fig. 22(a), the solid arrow
shows a direction of photo-irradiation to the first substrate, and the dot arrow shows a direction of photo-irradiation to
the second substrate. Fig. 22(b) shows a liquid crystal molecule that is positioned at substantially the center in the
thickness direction of the liquid crystal layer and in each domain when the substrate is viewed in plane.

[0150] Exposure for a second substrate 2 is mentioned below. A photomask 20f in the present Embodiment has a
mask part 21e (a first mask part) through which a display region 31 is exposed and a mask frame part 23b (a second
mask part) through which a frame region 32 is exposed, as shown in Fig. 19(a). Similarly to the photomask 20e in
Embodiment 2, the mask part 21e has a plurality of slits 25k within a light-shielding region. The plurality of slits 25k each
have a rectangular shape as viewed in plane. The slit 25k is arranged so that its longitudinal direction is in the lateral
direction when the substrate is viewed in front. The width of the slit 25k is about quarter of a picture element pitch in the
vertical direction when the second substrate 2 is viewed in front. The pitch of the slits 25k is about half the picture element
pitch in the vertical direction when the second substrate 2 is viewed in front. The mask frame part 23 has a plurality of
dots 29 within the light-shielding region in a lattice pattern. The plurality of dots 29 each have a square shape as viewed
in plane. The width (length of one side) and pitch of the dots 29 are the same as those of the slits 25k, respectively, but
may be appropriately determined. The photomask 20f has transmissive parts formed in patterns different between the
mask part 21e and the mask frame part 23b.

[0151] Then, exposure procedures using the photomask 20f are mentioned. In the present Embodiment, the alignment
film is exposed by shot exposure. More specifically, the second substrate 2 and the photomask 20f are arranged so that
the mask part 21e overlaps with the display region 31 and the mask frame part 23b overlaps with the frame region 32.
The position between the slits 25k and the picture elements in the second substrate 2 is adjusted, and then, similarly to
Embodiment 2, a polarized UV light is radiated to the second substrate 2 from a direction oblique thereto, thereby
exposing the vertical alignment film 5b (the 1st shot). More specifically, the vertical alignment film 5b is exposed from
the longitudinal direction of the slit 25k. As a result of the 1st shot, exposure regions 34e are formed in a stripe pattern
in the display region 31 which is exposed through the slits 25k, and exposure regions 34f are formed in a lattice pattern
in the frame region 32 which is exposed through the dots 29.

[0152] Then, the photomask 20f is moved by a pitch of the slits 25k in the vertical direction as the second substrate
2 is viewed in front, as shown in Fig. 20(a). Then, the position between the photomask 20f and the second substrate 2
is adjusted so that each slit 25k is positioned in an unexposure region of each picture element. Then, (as the second
shot), the alignment film is exposed from a direction opposite to the UV light-irradiation direction in the 1st shot, for
example, after changing a position of a light source. As a result of the 2nd shot, as shown in Fig. 20(b), exposure regions
344 are formed in a stripe pattern in the display region 31 which is exposed through the slits 25k, and exposure regions
34h are formed in a lattice pattern in the frame region 32 which is exposed through the dots 29.

[0153] The first substrate 1 is also exposed twice (the 1st shot and the 2nd shot), thereby exposing the vertical
alignment film 5a, similarly to the second substrate 2. As shown in Figs. 21(a) and 22(a), the direction of radiating UV
light to the first substrate 1 is perpendicular to that to the second substrate 2 both in the display region 31 and the frame
region 32 when the first substrate 1 and the second substrate 2 are attached to each other.

[0154] As a result of the 1st and 2nd exposure, each picture element in the display region 31 is divided into four
domains 28i, 28j, 28k, and 281, as shown in Fig. 21(a), similarly to Embodiment 2. Also, each picture element in the
frame region 32 is divided into four domains 28m, 28n, 280, and 28p, as shown in Fig. 22(a). More specifically, as shown
in Fig. 21(b), when the right horizontal direction is defined as 0° as the display face is viewed in front, a central liquid
crystal molecule 30i has a tilt angle of 225° in the domain 28i; a central liquid crystal molecule 30j has a tilt angle of 315°
in the domain 28j;a central liquid crystal molecule 30k has a tilt angle of 45° in the domain 28k; and a central liquid crystal
molecule 301 has a tilt angle of 135° in the domain 281. Thus, the central liquid crystal molecules 30i, 30j, 30k, and 301
are tilted in a concentric pattern. As shown in Fig. 22(b), when the right horizontal direction is defined as 0° as the display
face is viewed in front, a central liquid crystal molecule 30m has a tilt angle of 135° in the domain 28m; a central liquid
crystal molecule 30n has a tilt angle of 315° in the domain 28n; a central liquid crystal molecule 300 has a tilt angle of
135° in the domain 280; and a central liquid crystal molecule 30p has a tilt angle of 315° in the domain 28p. Thus, the
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central liquid crystal molecules 30m, 30n, 300, and 30p are tilted parallel to each other.

[0155] The tilt direction of the molecule 30j in the domain 28j is the same as the tilt directions of the molecule 30n in
the domain 28n and the molecule 30p in the domain 28p; the tilt direction of the molecule 301 in the domain 281 is the
same as the tilt directions of the molecule 30m in the domain 28m and the molecule 300 in the domain 280. However,
the frame region 32 has no domain where the tilt direction of the central liquid crystal molecule is the same as the tilt
directions of the molecule 30i in the domain 28i and the molecule 30k in the domain 28k in the display region 31. Thus,
the combination of the domains 28a, 28b, 28c, and 28d in the display region 31 is different from that of the domains 28e,
28f, 289, and 28h in the frame region 32.

[0156] A dark line 27i having a swastika shape appears at a boundary among the domains 28i, 28j, 28k, and 281 in
the display region 31, as shown in Fig. 21(c), similarly to Embodiment 2. A dark line 27j having a lattice shape appears
at a boundary among the domains 28m, 28n, 280, and 28p in the frame region 32, as shown in Fig. 22(c). The width of
the dark line 27j in the frame region 32 is larger than that of the dark line 27i in the display region 31. A region that is
light-shielded by the dark line in the frame region 32 is larger than that in the display region 31.

[0157] Thus, according to the present Embodiment, the display region 31 and the frame region 32 are exposed through
the two kinds of transmissive parts (the slits 25k and the dots 29) different in pattern. As a result, the combination of the
domains in the display region 31 is advantageous to an aperture, and the combination of the domains in the frame region
32 is disadvantageous to an aperture. In contrast to the present Embodiment, in a conventional liquid crystal display
device, the combination of domains is the same between the display region and the frame region, and so the combination
of domains in the frame region is also advantageous to an aperture. Accordingly, according to the present Embodiment,
an area of a region light-shielded by the dark lines in the frame region 32 is larger than that in the conventional liquid
crystal display device and so the light leakage can be suppressed.

[0158] In the present Embodiment, the width and pitch of the dots 29 are preferably smaller than those of the slits
25k, respectively, although they may be appropriately determined. As a result, the light leakage from the frame region
32 can be more suppressed.

Embodiment 4

[0159] Embodiment 4 is mentioned below. The overlapping contents between the present Embodiment and Embod-
iments 1 to 3 are omitted and are not shown in drawings because a difference between the two is just an embodiment
of the transmissive parts of the photomask through which the frame region is exposed. Fig. 23 is a schematic view
showing an embodiment of exposure for an alignment film (a second substrate) in the exposure step (the 1st shot) in
accordance with Embodiment 4. Fig. 23 (a) is a plan view of a photomask. Fig. 23 (b) is a plan view of the second
substrate. Fig. 24 is a schematic view showing an embodiment of exposure for the alignment film (the second substrate)
in the exposure step (the 2nd shot) in accordance with Embodiment 4. Fig. 24(a) is a plan view of the photomask. Fig.
24 (b) is a plan view of the second substrate. Fig. 25 is an enlarged plan view schematically showing a region exposed
by the 1st shot and the 2nd shot in a liquid crystal display panel in accordance with Embodiment 4. Fig. 25 (a) shows a
display region and Fig. 25 (b) shows a flame region.

[0160] Exposure for a second substrate 2 is mentioned below. A photomask 20g in the present Embodiment has a
mask part 21f (a first mask part) through which a display region 31 is exposed and a mask frame part 23c (a second
mask part) through which a frame region 32 is exposed, as shown in Fig. 23 (a). The mask part 21f has a plurality of
slits 251 within a light-shielding region. The plurality of slits 251 each have a rectangular shape as viewed in plane. The
slit 251 is arranged so that its longitudinal direction is in the lateral direction as the substrate is viewed in front. The width
of the slit 251 is about quarter of a picture element pitch in the vertical direction when the second substrate 2 is viewed
in front. The pitch of the slits 251 is about half the picture element pitch in the vertical direction when the second substrate
2 is viewed in front. The mask frame part 23c has a plurality of slits 25m within the light-shielding region. The plurality
of slits 25m are arranged in an oblique direction and each have a parallelogram shape as viewed in plane. More
specifically, the slit 25m is arranged so that its longitudinal direction makes an angle of 135° with respect to the right
horizontal direction as the display face is viewed in front. A pitch P2 of the slits 25m is the same as a pitch P1 of the slits
251 in the same direction. So the width (length of the slit in the latitudinal direction) of the slit 25m is smaller than the
width of the slit 251. Thus, the photomask 20g has slits different in array direction between the mask part 21f and the
mask frame part 23c. That is, the longitudinal direction of the slit 25m is different from that of the slit 251.

[0161] Then, exposure procedures using the photomask 20g are mentioned. In the present Embodiment, the alignment
film is exposed by shot exposure. More specifically, the second substrate 2 and the photomask 20f are arranged so that
the mask part 21f overlaps with the display region 31 and the mask frame part 23c overlaps with the frame region 32.
The position between the slits 251 and the picture elements in the second substrate 2 is adjusted, and then, similarly to
Embodiment 2, a polarized UV light is radiated to the second substrate 2 from a direction oblique thereto, thereby
exposing the vertical alignment film 5b (1st shot). More specifically, the vertical alignment film 5b is exposed from the
longitudinal direction of the slit 251. As a result of the 1st shot, exposure regions 34i are formed in a stripe pattern in the
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display region 31 which is exposed through the slits 251, and exposure regions 34j are formed in a stripe pattern in the
frame region 32 which is exposed through the slits 25m. The longitudinal direction of the exposure region 34i having a
stripe pattern is different from that of the exposure region 34j having a stripe pattern by 45°.

[0162] Then, the photomask 20g is moved by a pitch of the slits 251 in the vertical direction as the second substrate
2 is viewed in front, as shown in Fig. 24(a). Then, the position between the photomask 20g and the second substrate 2
is adjusted so that each slit 251 is positioned in an unexposure region of each picture element. Then, (as the 2nd shot),
the alignment film is exposed from a direction opposite to the UV light-irradiation direction in the 1st shot, for example,
after changing a position of a light source. As a result of the 2nd shot, as shown in Fig. 24(b), exposure regions 34k are
formed in a stripe pattern in the display region 31 which is exposed through the slits 251, and exposure regions 341 are
formed in a stripe pattern in the frame region 32 which is exposed through the slits 25m. In the display region 31, the
exposure regions 34i and 34k, which are formed in a stripe pattern, extend in the lateral direction as the second substrate
2 is viewed in front, as shown in Fig. 25 (a) . In the frame region 32, the exposure regions 34j and 341, which are formed
in a stripe pattern, extend in the oblique direction as the second substrate 2 is viewed in front, as shown in Fig. 25(b).
In a liquid crystal display panel including thus-exposed second substrate 2, a plurality of dark lines appear in the lateral
direction at a boundary, which corresponds to the boundary between the slits 251 in the photomask 20g, between the
exposure regions 34i and 34k in the display region 31, and a plurality of dark lines appear in an oblique direction at a
boundary, which corresponds to the boundary between the slits 25m in the photomask 20g, between the exposure
regions 34j and 341 in the frame region 32, when an image is displayed in an intermediate or higher gradation level on
a display screen and the image is viewed in front. The distance between the dark lines appearing between the exposure
regions 34j and 341 is smaller than the distance between the dark lines appearing between the exposure regions 34i
and 34k. In Figs. 25(a) and 25(b), the h1 and h2 show a shift amount of the photomask 20g, i.e., a moving distance from
the position in the 1st shot to the position in the 2nd shot. The h1 and h2 are the same.

[0163] Thus, the display region 31 and the frame region 32 are exposed through the two kinds of slits 251 and 25m
different in array direction by 45°. As a result, the distance between the dark lines appearing between the exposure
regions 34j and 341 in the frame region 32 can be smaller than that between the dark lines appearing between the
exposure regions 34i and 34k in the display region 31. Thus, according to the present Embodiment, the shape of the
domains is different between the display region 31 and the frame region 32, and thereby the shape of the domains in
the frame region 32 is advantageous to suppress the light leakage. In contrast to the present Embodiment, in a conven-
tional liquid crystal display device, the shape of domains is the same between the display region and the frame region,
and so the distance between dark lines appearing between exposure regions in the display region is the same as that
in the frame region. Accordingly, according to the present Embodiment, an area of a region light-shielded by the dark
lines in the frame region 32 is larger than that in the conventional liquid crystal display device and so the light leakage
can be suppressed.

[0164] According to the present Embodiment, the angle made by the longitudinal direction of the slit 251 and that of
the slit 25m is not necessarily 45° and may be appropriately determined.

[0165] Inthe present Embodiment, the pitch of the slits 25m are preferably smaller than that of the slits 251, although
it may be appropriately determined. As a result, the light leakage from the frame region 32 can be more suppressed.
[0166] Thus, the present invention is mentioned in detail with reference to Embodiments. In the liquid crystal display
device of the present invention, the dark lines may appear in a region where no drawing wirings are arranged of the
frame region, when an image is displayed in an intermediate or higher gradation level on the display screen and the
image is viewed in front. As a result, light leakage from the region where no drawing wirings are arranged of the frame
region can be more effectively suppressed.

[0167] Within the scope of the invention, the above-mentioned Embodiments may be appropriately combined.
[0168] The present application claims priority to Patent Application No. 2007-111823 filed in Japan on April 20, 2007
under the Paris Convention and provisions of national law in a designated State, the entire contents of which are hereby
incorporated by reference.

BRIEF DESCRIPTION OF DRAWINGS

[Fig. 1]

[0169] [0165]Fig. 1isaplanview schematically showing aliquid crystal display panelin accordance with Embodiment 1.
[Fig. 2]

[0170] Fig. 2 is a cross-sectional view schematically showing a configuration of the display region in the liquid crystal
display panel in accordance with Embodiment 1.
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[Fig. 3]

[0171] Fig. 3is a plan view schematically showing a direction of photo-irradiation to the vertical alignment film in each
picture element in the liquid crystal display panel in accordance with Embodiment 1. Fig. 3(a) shows the first substrate.
Fig. 3(b) shows the second substrate. In Fig. 3, the dotted arrow shows a direction of photo-irradiation to the first substrate,
and the solid arrow shows a direction of photo-irradiation to the second substrate.

[Fig. 4]

[0172] Fig. 4 is a plan view schematically showing: a direction of photo-irradiation to the vertical alignment film; an
alignment direction of a liquid crystal molecule when a voltage is applied; and a direction of a polarization axis of a
polarization plate and in each picture element in the liquid crystal display panel in accordance with Embodiment 1. In
Fig. 4, the dotted arrow shows a direction of photo-irradiation to the first substrate and the solid arrow shows a direction
of photo-irradiation to the second substrate. Fig. 4 shows a liquid crystal molecule that is positioned at substantially the
center in the thickness direction of the liquid crystal layer and in each domain when the substrates are viewed in plane.

[Fig. 5]

[0173] Fig. 5(a) is a plan view schematically showing the first substrate (TFT array substrate) in accordance with
Embodiment 1. Fig. 5(b) is a plan view schematically showing the second substrate (CF substrate) in accordance with
Embodiment 1.

[Fig. 6]

[0174] Fig. 6 is a schematic view showing an embodiment of scanning exposure for an alignment film (substrate) in
the exposure step (the 1st scan) in accordance with Embodiment 1. Fig. 6 (a) is a plan view. Fig. 6(b) is a side view. In
Fig. 6(b), the black arrow shows an irradiation direction of a polarized UV light (photo-irradiation direction), and the white
arrow shows a moving direction of the first substrate.

[Fig. 7]

[0175] Fig. 7 is a cross-sectional view schematically showing an embodiment of photo-irradiation to the alignment film
(substrate) in the exposure step in accordance with Embodiment 1.

[Fig. 8]

[0176] Fig. 8 is a schematic view showing an embodiment of scanning exposure for an alignment film (substrate) in
the exposure step (the 2nd scan) in accordance with Embodiment 1. Fig. 8 (a) is a plan view. Fig. 8(b) is a side view.
In Fig. 8(b), the black arrow shows an irradiation direction of a polarized UV light (photo-irradiation direction), and the
white arrow shows a moving direction of the first substrate.

[Fig. 9]

[0177] An upper part of Fig. 9 is a front view schematically showing an embodiment of a photomask, specifically, a
part that is used for exposing a display region in the first substrate in the exposure step (the 1st and 2nd scan) in
accordance with Embodiment 1. A lower part of Fig. 9 is a front view schematically showing picture elements in the first
substrate where the alignment film is exposed through the photomask shown in the upper part. In Fig. 9, the black arrow
shows a photo-irradiation direction.

[Fig. 10]

[0178] An upper part of Fig. 10 is a front view schematically showing an embodiment of a photomask, specifically,
parts that are used for exposing a display region and a frame region in the first substrate in the exposure step (the 1st
and 2nd scan) in accordance with Embodiment 1. A lower part of Fig. 10 is a front view schematically showing a display
region near a corner of the first substrate where the alignment film is exposed through the photomask shown in the
upper part. This lower part also shows dark lines (gray lines) that can appear in the case that the alignment film is
exposed through this photomask.
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[Fig. 11]

[0179] A left part of Fig. 11 is a front view schematically showing an embodiment of a photomask, specifically, parts
that are used for exposing a display region and a frame region in the second substrate in the exposure step (the 1st and
2nd scan) in accordance with Embodiment 1. A right part of Fig. 11 is a front view schematically showing a display region
near a corner of the second substrate where the alignment film is exposed through the photomask shown in the upper
part. The right part also shows dark lines (gray lines) that can appear when the alignment film is exposed through this
photomask.

[Fig. 12]

[0180] Fig. 12 is a front view schematically showing a display region near a corner in the liquid crystal display device
in accordance with Embodiment 1 when an image is displayed in an intermediate or higher gradation level.

[Fig. 13]

[0181] Fig. 13 is a schematic view showing an embodiment of shot exposure for an alignment film (substrate) in the
exposure step in accordance with Embodiment 1. Fig. 13 (a) is a plan view. Fig. 13 (b) is a side view. In Fig. 13 (b), the
black arrow shows an irradiation direction of a polarized UV light (photo-irradiation direction).

[Fig. 14]

[0182] An upper partof Fig. 14 is a front view schematically showing another embodiment of a photomask, specifically,
parts that are used for exposing a display region and a frame region of a substrate in the exposure step in accordance
with Embodiment 1. A lower part of Fig. 14 is a front view schematically showing a display region near a corner of the
substrate where the alignment film is exposed through the photomask shown in the upper part. The lower part also
shows dark lines (gray lines) that can appear when the alignment film is exposed in this photomask.

[Fig. 15]

[0183] Fig. 15 is a schematic view showing an embodiment of exposure for an alignment film (a second substrate) in
the exposure step (the 1st scan) in accordance with Embodiment 2. Fig. 15 (a) is a plan view of a photomask. Fig. 15
(b) is a plan view of the second substrate.

[Fig. 16]

[0184] Fig. 16 is a schematic view showing an embodiment of exposure for the alignment film (the second substrate)
in the exposure step (the 2nd scan) in accordance with Embodiment 2. Fig. 16 (a) is a plan view of the photomask. Fig.
16(b) is a plan view of the second substrate.

[Fig. 17]

[0185] Fig. 17 is a plan view schematically showing one picture element in a display region of a liquid crystal display
panel in accordance with Embodiment 2. Fig. 17(a) shows a direction of photo-irradiation to a vertical alignment film.
Fig. 17(b) shows an alignment direction of a liquid crystal molecule when a voltage is applied. Fig. 17(c) shows a dark
line appearing when an image is displayed in an intermediate or higher gradation level. In Fig. 17(a), the solid arrow
shows a direction of photo-irradiation to a first substrate, and the dot arrow shows a direction of photo-irradiation to the
second substrate. Fig. 17(b) shows a liquid crystal molecule that is positioned at substantially the center in the thickness
direction of the liquid crystal layer and in each domain when the substrate is viewed in plane.

[Fig. 18]

[0186] Fig. 18 is a plan view schematically showing one picture element in a frame region of the liquid crystal display
panel in accordance with Embodiment 2. Fig. 18(a) shows a direction of photo-irradiation to a vertical alignment film.
Fig. 18(b) shows an alignment direction of a liquid crystal molecule when a voltage is applied. Fig. 18(c) shows a dark
line appearing when an image is displayed in an intermediate or higher gradation level. In Fig. 18(a), the solid arrow
shows a direction of photo-irradiation to the first substrate, and the dot arrow shows a direction of photo-irradiation to
the second substrate. Fig. 18(b) shows a liquid crystal molecule that is positioned at substantially the center in the
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thickness direction of the liquid crystal layer and in each domain when the substrate is viewed in plane.
[Fig. 19]

[0187] Fig. 19 is a schematic view showing an embodiment of exposure for an alignment film (a second substrate) in
the exposure step (the 1st scan) in accordance with Embodiment 3. Fig. 19 (a) is a plan view of a photomask. Fig. 19
(b) is a plan view of the second substrate.

[Fig. 20]

[0188] Fig. 20 is a schematic view showing an embodiment of exposure for the alignment film (the second substrate)
in the exposure step (the 2nd scan) in accordance with Embodiment 3. Fig. 20 (a) is a plan view of the photomask. Fig.
20(b) is a plan view of the second substrate.

[Fig. 21]

[0189] Fig. 21 is a plan view schematically showing one picture element in a display region of a liquid crystal display
panel in accordance with Embodiment 3. Fig. 21(a) shows a direction of photo-irradiation to a vertical alignment film.
Fig. 21(b) shows an alignment direction of a liquid crystal molecule when a voltage is applied. Fig. 21(c) shows a dark
line appearing when an image is displayed in an intermediate or higher gradation level. In Fig. 21(a), the solid arrow
shows a direction of photo-irradiation to a first substrate, and the dot arrow shows a direction of photo-irradiation to the
second substrate. Fig. 21(b) shows a liquid crystal molecule that is positioned at substantially the center in the thickness
direction of the liquid crystal layer and in each domain when the substrate is viewed in plane.

[Fig. 22]

[0190] Fig. 22 is a plan view schematically showing one picture element in a frame region of the liquid crystal display
panel in accordance with Embodiment 3. Fig. 22(a) shows a direction of photo-irradiation to a vertical alignment film.
Fig. 22(b) shows an alignment direction of a liquid crystal molecule when a voltage is applied. Fig. 22(c) shows a dark
line appearing when an image is displayed in an intermediate or higher gradation level. In Fig. 22(a), the solid arrow
shows a direction of photo-irradiation to the first substrate, and the dot arrow shows a direction of photo-irradiation to
the second substrate. Fig. 22(b) shows a liquid crystal molecule that is positioned at substantially the center in the
thickness direction of the liquid crystal layer and in each domain when the substrate is viewed in plane.

[Fig. 23]

[0191] Fig. 23 is a schematic view showing an embodiment of exposure for an alignment film (a second substrate) in
the exposure step (the 1st scan) in accordance with Embodiment 4. Fig. 23 (a) is a plan view of a photomask. Fig. 23
(b) is a plan view of the second substrate.

[Fig. 24]

[0192] Fig. 24 is a schematic view showing an embodiment of exposure for the alignment film (the second substrate)
in the exposure step (the 2nd scan) in accordance with Embodiment 4. Fig. 24 (a) is a plan view of the photomask. Fig.
24(b) is a plan view of the second substrate.

[Fig. 25]

[0193] Fig. 25 is an enlarged plan view schematically showing a region exposed by the 1st shot and the 2nd shot in
a liquid crystal display panel in accordance with Embodiment 4. Fig. 25(a) shows a display region. Fig. 25(b) shows a
frame region.

EXPLANATION OF NUMERALS AND SYMBOLS

[0194]

1: First Substrate
2: Second Substrate
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3: Liquid crystal layer

3a, 3b: Liquid crystal molecule

4a, 4b: Transparent electrode

5a, 5b: Vertical alignment film

6a, 6b: Polarization plate

7a, 7b: Retarder

8: Picture element

9: Scanning signal line

10: Data signal line

11: TFT

12: Pixel electrode

13: Black matrix (BM)

14: Color filter

15: Light beam (Polarized UV light)

16: Proximity gap

17: Pretilt angle

18: Substrate

19: Drawing wiring

20a, 20b, 20c, 20d, 20e, 20f, 20g: Photomask

21a, 21b, 21c, 21d, 21e, 21f: Mask part

22a, 22b, 22c: Mask fine part

23a, 23b, 23c: Mask frame part

25a, 25b, 25c, 25d, 25¢, 25f, 25g, 25h, 25i, 25j, 25k, 251, 25m: Slit
26a, 26b: Insulating substrate

27a, 27b, 27c, 27d, 27e, 27f, 27g, 27h, 27i, 27j: Dark line

28a, 28b, 28c, 28d, 28e, 28f, 289, 28h, 28i, 28j, 28k, 281, 28m, 28n,
280, 28p: Domain

29: Dot

30a, 30b, 30c, 30d, 30e, 30f, 30g, 30h, 30i, 30j, 30k, 301., 30m,
30n, 300, 30p: Central liquid crystal molecule

31: Display region

32: Frame region

33: Terminal region

34a, 34b, 34c, 34d, 34e, 34f, 349, 34h, 34i, 34j, 34k, 341: Exposure region
100: Liquid crystal display panel

200: Liquid crystal display device

P: Direction of polarization axis of polarization plate 6a

Q: Direction of polarization axis of polarization plate 6b

A, B: Direction

R: Red colored layer

G: Blue colored layer

B: Green colored layer

Wa, Wb, Wc, Wd: Pitch of dark line (distance between dark lines)
P1, P2: Pitch of slit (distance between slits)

h1, h2: Shift amount (moving distance) of photomask

Claims

A production method of a liquid crystal display device (100, 200), comprising:

arranging a pair of substrates (1, 2) so as to face each other;

arranging a liquid crystal layer (3) between the pair of substrates (1, 2);

arranging an alignment film (5a, 5b) on a liquid crystal layer-side surface of at least one of the pair of substrates:
and

defining a pixel (8) so as to include two or more domains (28a to 28p),

the liquid crystal display device (100) comprising a display region (31) and a non-display region (32),

the production method further comprising an exposure step of exposing the alignment film (5a, 5b) using a
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photomask (20a to 20g) having a first mask part (21a to 21f) and a second mask part (22a to 22c. 23a to 23c),
the first mask part (21a to 21f) having a plurality of transmissive parts (25a to 25m) formed within a light-shielding
region,

the second mask part (22a to 22¢, 23a to 23c) having a plurality of transmissive parts (25a to 25m) formed
within the light-shielding region in a form different from a form of the plurality of transmissive parts in the first
mask part (21a to 21f),

wherein the alignment film (5a, 5b) in a display region is exposed through the first mask part (21a to 21f), and
the alignment film in a non-display region is exposed through the second mask part (22a to 22c. 23a to 23c).

The production method according to Claim 1, wherein the first mask part is a mask part (21a to 21f), the second
mask part is a mask fine part (22a to 22c), and the plurality of transmissive parts (25f) in the mask fine part (22a to
22c) are finer than the plurality of transmissive parts in the mask part (21a to 21f).

The production method according to Claim 2, wherein the plurality of transmissive parts (25e, 25f) in the mask part
(21a to 21f) and the mask fine part (22a to 22¢) are a plurality of slits, respectively,

the plurality of slits are formed parallel to one another in a stripe pattern,

the plurality of slits in the mask part (21a to 21f) are formed at a constant pitch,

the plurality of slits in the mask fine part (22a to 22c) are formed at a pitch smaller than the constant pitch, and
the plurality of slits in the mask fine part (22a to 22c) have a width smaller than a width of the plurality of slits in the
mask part (21a to 21f).

The production method according to Claim 1. wherein the plurality of transmissive parts (25a to 25m) in the first
(22a to 22c) and second mask parts (23a to 23c) are a plurality of slits, respectively,

the first mask part is a mask part (21 a to 21c¢),

the second mask part is a mask frame part (23a to 23c),

the plurality of slits in the mask part are formed parallel to one another at a constant pitch in a stripe pattern,

the plurality of slits (25a to 25m) in the mask frame part are formed at a constant pitch in a stripe pattern, and

an array direction of the plurality of slits is different between the mask part (21a to 21¢) and the mask frame part
(23a to 23c).

The production method according to Claim 4, wherein the array direction of the plurality of slits (25a to 25m) in the
mask frame part (23a to 23c) is perpendicular to the array direction of the plurality of slits in the mask part (21ato 21c).

The production method according to Claim 4, wherein the array direction of the plurality of slits (25a to 25m) in the
mask frame part (23a to 23c) is oblique to the array direction of the plurality of slits in the mask part (21ato 21¢), and
a pitch of the plurality of slits (25a to 25m) in the mask part (21a to 21c) and a pitch of the plurality of the slits (25a
to 25m) in the mask frame part (23a to 23c) are the same in the same direction.

The production method according to Claim 1. wherein the first mask part is a mask part (21a to 21c), and

the second mask part is a mask frame part (23a to 23c), and

the plurality of transmissive parts (25a to 25m, 29) in the mask frame part (23a to 23c) are formed in a pattern
different from a pattern of the plurality of transmissive parts (25a to 25m) in the mask part (21a to 21c).

The production method according to Claim 7, wherein the plurality of transmissive parts (25a to 25m) in the mask
part (21a to 21c) are a plurality of slits, the plurality of transmissive parts (25a to 25m) in the mask frame part (23a
to 23c) are a plurality of dots (29),

the plurality of slits in the mask part (21a to 21c) are formed parallel to one another at a constant pitch in a stripe
pattern, and

the plurality of dots (29) in the mask frame part are formed at a constant pitch in a lattice pattern.

The production method according to Claim 1, wherein the liquid crystal display device (100, 200) includes a plurality
of the pixels (8),

in the exposure step, the alignment film (5a, 5b) is exposed so that each pixel (8) includes two regions different in
an alignment direction of liquid crystal molecules near a surface of the alignment film (5a. 5b) when the pair of
substrates (1.2) are viewed in plane, and

the alignment direction in one region is parallel and opposite to the alignment direction in the other region.

10. The production method according to Claim 1, wherein the alignment film (5a, 5b) is arranged on each of the pair of

31



10

15

20

25

30

35

40

45

50

55

EP 2 141 534 B1

substrates (1, 2), and the exposure step comprises exposing the alignment films (5a, 5b);

the production method further comprising attaching the pair of substrates,

each performed so that

in each substrate (1, 2), liquid crystal molecules near a surface of the alignment film (5a, 5b) in each pixel are aligned
in two parallel and opposite directions when the pair of substrates (1, 2) are viewed in plane, and

an alignment direction of liquid crystal molecules near a surface of the alignment film (5a, 5b) on one of the pair of
substrates (1, 2) is perpendicular to an alignment direction of liquid crystal molecules near a surface of the alignment
film (5b, 5a) on the other substrate (2, 1) when the pair of substrates are viewed in plane.

11. Aliquid crystal display device (100, 200) comprising:
a pair of substrates (1, 2) facing each other;
a liquid crystal layer (3) arranged between the pair of substrates:
an alignment film (5a, 5b) arranged on a liquid crystal layer-side surface of at least one of the pair of
substrates (1, 2); and
a pixel (8) including two or more domains (28a to 28p),
wherein the liquid crystal display device (100, 200) has a display region (31) and a non-display region (32)
each having a plurality of domains (28a to 28p),
in the display region (31) and the non-display region (32), dark lines (27a to 27j) appear between adjacent
domains (28a to 28p) when an image is displayed in an intermediate or higher gradation level on a display
screen and the image is viewed in front, and
an arrangement of the plurality of domains (28a to 28p) in the non-display region (32) is different from an
arrangement of the plurality of domains (28a to 28p) in the display region (31).
12. The liquid crystal display device (100, 200) according to claim 11, wherein
a combination of the plurality of domains (28a to 28p) in the non-display region (32) is different from a combination
of the plurality of domains (28a to 28p) in the display region (31).
13. The liquid crystal display device according to claim 11, wherein
a shape of the plurality of domains (28a to 28p) in the non-display region (32) is different from a shape of the plurality
of domains (28a to 28p) in the display region (31).
Patentanspriiche
1. Produktionsverfahren fiir eine Flissigkristall-Anzeigevorrichtung (100, 200), das enthalt:

Anordnen eines Paars von Substraten (1, 2), derart, dass die Substrate einander zugewandt sind;

Anordnen einer Flissigkristallschicht (3) zwischen dem Paar von Substraten (1, 2);

Anordnen einer Ausrichtungsschicht (5a, 5b) an einer Flussigkristallschicht-Seitenflache wenigstens eines Sub-
strats des Paars von Substraten; und

Definieren eines Pixels (8), derart, dass es zwei oder mehr Gebiete (28a bis 28b) enthalt,

wobei die Flussigkristall-Anzeigevorrichtung (100) einen Anzeigebereich (31) und einen Nichtanzeigebereich
(32) enthalt,

wobei das Produktionsverfahren ferner einen Belichtungsschritt zum Belichten der Ausrichtungsschicht (5a,
5b) unter Verwendung einer Photomaske (20a bis 20g) mit einem ersten Maskenabschnitt (21a bis 21f) und
einem zweiten Maskenabschnitt (22a bis 22¢, 23a bis 23c) enthalt,

wobei der erste Maskenabschnitt (21a bis 21f) mehrere lichtdurchlassige Abschnitte (25a bis 25m) besitzt, die
in einem lichtabschirmenden Bereich ausgebildet sind, und

der zweite Maskenabschnitt (22a bis 22c, 23a bis 23c) mehrere lichtdurchlassige Abschnitte (25a bis 25m)
besitzt, die in dem lichtabschirmenden Bereich ausgebildet sind, in einer Form, die von einer Form der mehreren
lichtdurchlassigen Abschnitte in dem ersten Maskenabschnitt (21a bis 21f) verschieden ist,

wobei die Ausrichtungsschicht (5a, 5b) in einem Anzeigebereich durch den ersten Maskenabschnitt (21a bis
21f) belichtet wird und

die Ausrichtungsschicht in einem Nichtanzeigebereich durch den zweiten Maskenabschnitt (22a bis 22c, 23a
bis 23c) belichtet wird.
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Produktionsverfahren nach Anspruch 1, wobei der erste Maskenabschnitt ein Maskenabschnitt (21a bis 21f) ist, der
zweite Maskenabschnitt ein Maskenfeinabschnitt (22a bis 22c¢) ist und die mehreren lichtdurchlassigen Abschnitte
(25f) in dem Maskenfeinabschnitt (22a bis 22c) feiner als die mehreren lichtdurchlassigen Abschnitte in dem Mas-
kenabschnitt (21a bis 21f) sind.

Produktionsverfahren nach Anspruch 2, wobei die mehreren lichtdurchlassigen Abschnitte (25e, 25f) in dem Mas-
kenabschnitt (21a bis 21f) und dem Maskenfeinabschnitt (22a bis 22c) jeweils mehrere Schlitze sind,

die mehreren Schlitze parallel zueinander in einem Streifenmuster ausgebildet sind,

die mehreren Schlitze in dem Maskenabschnitt (21a bis 21f) in einem konstanten Abstand ausgebildet sind,

die mehreren Schlitze in dem Maskenfeinabschnitt (22a bis 22¢) in einem Abstand ausgebildet sind, der kleiner als
der konstante Abstand ist, und

die mehreren Schlitze in dem Maskenfeinabschnitt (22a bis 22c) eine Breite besitzen, die kleiner als die Breite der
mehreren Schlitze in dem Maskenabschnitt (21a bis 21f) ist.

Produktionsverfahren nach Anspruch 1, wobei die mehreren lichtdurchlassigen Abschnitte (25a bis 25m) in dem
ersten (22a bis 22c) und dem zweiten Maskenabschnitt (23a bis 23c) jeweils mehrere Schlitze sind,

der erste Maskenabschnitt ein Maskenabschnitt (21a bis 21c) ist,

der zweite Maskenabschnitt ein Maskenrahmenabschnitt (23a bis 23c) ist, die mehreren Schlitze in dem Masken-
abschnitt parallel zueinander in einem konstanten Abstand in einem Streifenmuster ausgebildet sind,

die mehreren Schlitze (25a bis 25m) in dem Maskenrahmenabschnitt in einem konstanten Abstand in einem Strei-
fenmuster ausgebildet sind und

eine Matrixrichtung der mehreren Schlitze zwischen dem Maskenabschnitt (21a bis 21¢) und dem Maskenrahmen-
abschnitt (23a bis 23c) unterschiedlich ist.

Produktionsverfahren nach Anspruch 4, wobei die Matrixrichtung der mehreren Schlitze (25a bis 25m) in dem
Maskenrahmenabschnitt (23a bis 23c) zu der Matrixrichtung der mehreren Schlitze in dem Maskenabschnitt (21a
bis 21c) senkrecht ist.

Produktionsverfahren nach Anspruch 4, wobei die Matrixrichtung der mehreren Schlitze (25a bis 25m) in dem
Maskenrahmenabschnitt (23a bis 23c) zu der Matrixrichtung der mehreren Schlitze in dem Maskenabschnitt (21a
bis 21 c) schrag verlauft und

ein Abstand der mehreren Schlitze (25a bis 25m) in dem Maskenabschnitt (21a bis 21c) und ein Abstand der
mehreren Schlitze (25a bis 25m) in dem Maskenrahmenabschnitt (23a bis 23c) in derselben Richtung gleich sind.

Produktionsverfahren nach Anspruch 1, wobei der erste Maskenabschnitt ein Maskenabschnitt (21a bis 21c¢) ist und
der zweite Maskenabschnitt ein Maskenrahmenabschnitt (23a bis 23c) ist

und

die mehreren lichtdurchlassigen Abschnitte (25a bis 25m, 29) in dem Maskenrahmenabschnitt (23a bis 23c) in
einem Muster ausgebildet sind, das von einem Muster der mehreren lichtdurchldssigen Abschnitte (25a bis 25m)
in dem Maskenabschnitt (21a bis 21 c) verschieden ist.

Produktionsverfahren nach Anspruch 7, wobei die mehreren lichtdurchlassige Abschnitte (25a bis 25m) in dem
Maskenabschnitt (21a bis 21c) mehrere Schlitze sind,

die mehreren lichtdurchlassigen Abschnitte (25a bis 25m) in dem Maskenrahmenabschnitt (23a bis 23¢) mehrere
Punkte (29) sind,

die mehreren Schlitze in dem Maskenabschnitt (21a bis 21c) parallel zueinander in einem konstanten Abstand in
einem Streifenmuster ausgebildet sind und

die mehreren Punkte (29) in dem Maskenrahmenabschnitt in einem konstanten Abstand in einem Gittermuster
ausgebildet sind.

Produktionsverfahren nach Anspruch 1, wobei die Flissigkristall-Anzeigevorrichtung (100, 200) mehrere Pixel (8)
enthalt,

im Belichtungsschritt die Ausrichtungsschicht (5a, 5b) derart belichtet wird, dass jedes Pixel (8) zwei verschiedene
Bereiche enthalt, die in einer Ausrichtungsrichtung der Flissigkristallmolekiile nahe einer Oberflache der Ausrich-
tungsschicht (5a, 5b) unterschiedlich sind, wenn das Paar von Substraten (1, 2) in der Ebene betrachtet wird, und
die Ausrichtungsrichtung in einem Bereich parallel und entgegengesetzt zu der Ausrichtungsrichtung in dem anderen
Bereich ist.
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Produktionsverfahren nach Anspruch 1, wobei die Ausrichtungsschicht (5a, 5b) an jedem Substrat des Paars von
Substraten (1, 2) angeordnet ist und der Belichtungsschritt das Belichten der Ausrichtungsschichten (5a, 5b) enthalt;
wobei das Produktionsverfahren ferner das Verbinden des Paars von Substraten enthalt,

was jeweils derart ausgefiihrt wird, dass

in jedem Substrat (1, 2) Flissigkristallmolekiile nahe einer Oberflache der Ausrichtungsschicht (5a, 5b) in jedem
Pixel in zwei parallelen und entgegengesetzten Richtungen ausgerichtet sind, wenn das Paar von Substraten (1,
2) in der Ebene betrachtet wird, und

eine Ausrichtungsrichtung der Flissigkristallmoleklle nahe einer Oberflache der Ausrichtungsschicht (5a, 5b) an
einem Substrat des Paars von Substraten (1, 2) zu einer Ausrichtungsrichtung der Flissigkristallmolekiile nahe
einer Oberflache der Ausrichtungsschicht (5a, 5a) an dem anderen Substrat (2, 1) senkrecht ist, wenn das Paar
von Substraten in der Ebene betrachtet wird.

Flussigkristall-Anzeigevorrichtung (100, 200), mit:

einem Paar von einander zugewandten Substraten (1, 2);

einer Flussigkristallschicht (3), die zwischen dem Paar von Substraten angeordnet ist;

einer Ausrichtungsschicht (5a, 5b), die an einer Flussigkristallschicht-Seitenflache wenigstens eines Substrats
des Paars von Substraten (1, 2) angeordnet ist; und

einem Pixel (8), das zwei oder mehr Gebiete (28a bis 28p) enthalt,

wobei die FlUssigkristall-Anzeigevorrichtung (100, 200) einen Anzeigebereich (31) und einen Nichtanzeigebe-
reich (32) enthalt, wovon jeder mehrere Gebiete (28a bis 28p) besitzt,

in dem Anzeigebereich (31) und dem Nichtanzeigebereich (32) dunkle Linien (27a bis 27j) zwischen benach-
barten Gebieten (28a bis 28p) erscheinen, wenn ein Bild in einer Zwischen- oder hoheren Gradationsstufe an
einem Anzeigebildschirm angezeigt wird und das Bild von vorn betrachtet wird, und

eine Anordnung der mehreren Gebiete (28a bis 28p) in dem Nichtanzeigebereich (32) von einer Anordnung
der mehreren Gebiete (28a bis 28p) in dem Anzeigebereich (31) verschieden ist.

Flussigkristall-Anzeigevorrichtung (100, 200) nach Anspruch 11, wobei eine Kombination der mehreren Gebiete
(28a bis 28p) in dem Nichtanzeigebereich (32) von einer Kombination der mehreren Gebiete (28a bis 28p) in dem
Anzeigebereich (31) verschieden ist.

Flussigkristall-Anzeigevorrichtung (100, 200) nach Anspruch 11, wobei eine Gestalt der mehreren Gebiete (28a bis
28p) in dem Nichtanzeigebereich (32) von einer Gestalt der mehreren Gebiete (28a bis 28p) in dem Anzeigebereich
(31) verschieden ist.

Revendications

1.

Procédé de production d’un dispositif d’affichage a cristaux liquides (100, 200), caractérisé en ce qu’il comprend
les étapes :

de disposition d’'une paire de substrats (1, 2) de sorte qu'ils soient face a face ;

de disposition d’'une couche de cristaux liquides (3) entre la paire de substrats (1, 2) ;

de disposition d'un film d’alignement (5a, 5b) sur une surface cété couche de cristaux liquides d’au moins un
de la paire des substrats ; et

de définition d’un pixel (8) de fagon a comporter deux domaines ou plus (28a a 28p),

le dispositif d’affichage a cristaux liquides (100) comprenant une région d’affichage (31) et une région de non-
affichage (32),

le procédé de production comprenant en outre une étape d’exposition consistant a exposer le film d’alignement
(5a, 5b) a l'aide d’'un masque photographique (20a a 20g) comportant une premiére partie de masque (21a a
21f) et une seconde partie de masque (22a a 22c, 23a a 23c),

la premiére partie de masque (21a a 21f) comportant une pluralité de parties transmissives (25a a 25m) formées
au sein d’'une région faisant écran a la lumiére,

la seconde partie de masque (22a a 22c, 23a a 23c) comportant une pluralité de parties transmissives (25a a
25m) formées au sein de la région faisant écran a la lumiére dans une forme différente d’une forme de la pluralité
de parties transmissives dans la premiére partie de masque (21a a 21f),

dans lequel le film d’alignement (5a, 5b) dans une région d’affichage est exposé via la premiére partie de
masque (21a a 21f), et
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le film d’alignement dans une région de non-affichage est exposé via la seconde partie de masque (22a a 22c,
23a a 23c).

Procédé de production selon la revendication 1, caractérisé en ce que la premiére partie de masque est une partie
de masque (21a a 21f), la seconde partie de masque est une partie de masque fine (22a a 22c), et la pluralité de
parties transmissives (25f) dans la partie de masque fine (22a a 22c) est plus fine que la pluralité de parties trans-
missives dans la partie de masque (21a a 21f).

Procédé de production selon la revendication 2, caractérisé en ce que la pluralité de parties transmissives (25e,
25f) dans la partie de masque (21a a 21f) et la partie de masque fine (22a a 22c) est une pluralité de fentes,
respectivement,

les fentes de la pluralité de fentes sont formées paralléles les unes aux autres dans un motif de rayure,

les fentes de la pluralité de fentes dans la partie de masque (21a a 21f) sont formées a pas constant,

les fentes de la pluralité de fentes dans la partie de masque fine (22a a 22c) sont formées a un pas plus petit que
le pas constant, et

les fentes de la pluralité de fentes dans la partie de masque fine (22a a 22c) présentent une largeur plus petite
gu’une largeur de la pluralité de fentes dans la partie de masque (21a a 21f).

Procédé de production selon la revendication 1, caractérisé en ce que la pluralité de parties transmissives (25a
a 25m) dans la premiére (22a a 22c) et la seconde partie de masque (23a a 23c) est une pluralité de fentes,
respectivement,

la premiére partie de masque est une partie de masque (21a a 21c),

la seconde partie de masque est une partie de cadre de masque (23a a 23c),

les fentes de la pluralité de fentes dans la partie de masque sont formées paralléles les unes aux autres a pas
constant dans un motif de rayure,

les fentes de la pluralité de fentes (25a a 25m) dans la partie de cadre de masque sont formées a pas constant
dans un motif de rayure, et

une direction de matrice de la pluralité de fentes est différente entre la partie de masque (21a a 21c) et la partie de
cadre de masque (23a a 23c).

Procédé de production selon la revendication 4, caractérisé en ce que la direction de matrice de la pluralité de
fentes (25a a 25m) dans la partie de cadre de masque (23a a 23c) est perpendiculaire a la direction de matrice de
la pluralité de fentes dans la partie de masque (21a a 21c).

Procédé de production selon la revendication 4, caractérisé en ce que la direction de matrice de la pluralité de
fentes (25a a 25m) dans la partie de cadre de masque (23a a 23c) est oblique par rapport a la direction de matrice
de la pluralité de fentes dans la partie de masque (21a a 21c), et

un pas de la pluralité de fentes (25a a 25m) dans la partie de masque (21a a 21c) et un pas de la pluralité de fentes
(25a a 25m) dans la partie de cadre de masque (23a a 23c) sont les mémes dans la méme direction.

Procédé de production selon la revendication 1, caractérisé en ce que la premiére partie de masque est une partie
de masque (21a a 21c), et

la seconde partie de masque est une partie de cadre de masque (23a a 23c), et

les parties transmissives de la pluralité de parties transmissives (25a a 25m, 29) dans la partie de cadre de masque
(23a a 23c) sont formées dans un motif différent d’'un motif de la pluralité de parties transmissives (25a a 25m) dans
la partie de masque (21a a 21c).

Procédé de production selon la revendication 7, caractérisé en ce que la pluralité de parties transmissives (25a
a 25m) dans la partie de masque (21a a 21c) est une pluralité de fentes, la pluralité de parties transmissives (25a
a 25m) dans la partie de cadre de masque (23a a 23c) est une pluralité de points (29),

les fentes de la pluralité de fentes dans la partie de masque (21a a 21c) sont formées paralleles les unes aux autres
a pas constant dans un motif de rayure, et

les points de la pluralité de points (29) dans la partie de cadre de masque sont formés a pas constant dans un motif
de treillis.

Procédé de production selon la revendication 1, caractérisé en ce que le dispositif d’affichage a cristaux liquides

(100, 200) comporte une pluralité de pixels (8),
dans I'étape d’exposition, le film d’alignement (5a, 5b) est exposé de sorte que chaque pixel (8) comprend deux
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régions différentes dans une direction d’alignement des molécules de cristaux liquides prés d’'une surface du film
d’alignement (5a, 5b) lorsque la paire de substrats (1, 2) est vue en plan, et
la direction d’alignement dans une région est paralléle et opposée a la direction d’alignement dans I'autre région.

Procédé de production selon la revendication 1, caractérisé en ce que le film d’alignement (5a, 5b) est disposé
sur chacun des substrats de la paire de substrats (1, 2) et I'étape d’exposition comprend I'étape d’exposition des
films d’alignement (5a, 5b) ;

le procédé de production comprenant en outre I'étape de fixation de la paire de substrats,

chaque étape étant réalisée de sorte que :

dans chaque substrat (1, 2), des molécules de cristaux liquides prés d’une surface du film d’alignement (5a,
5b) dans chaque pixel sont alignées dans deux directions paralléles et opposées lorsque la paire de substrats
(1, 2) est vue en plan, et

une direction d’alignement des molécules de cristaux liquides prés d’'une surface du film d’alignement (5a, 5b)
sur l'un de la paire de substrats (1, 2) est perpendiculaire a une direction d’alignement des molécules de cristaux
liquides prés d’'une surface du film d’alignement (5b, 5a) sur I'autre substrat (2, 1) lorsque la paire de substrats
est vue en plan.

11. Dispositif d’affichage a cristaux liquides (100, 200) caractérisé en ce qu’il comprend :

une paire de substrats (1, 2) face a face ;

une couche de cristaux liquides (3) disposée entre la paire de substrats ;

un film d’alignement (5a, 5b) disposé sur une surface c6té couche de cristaux liquides d’au moins un de la paire
de substrats (1, 2) ; et

un pixel (8) comportant deux domaines ou plus (28a a 28p),

dans lequel le dispositif d’affichage a cristaux liquides (100, 200) comporte une région d’affichage (31) et une
région de non-affichage (32) comportant chacune une pluralité de domaines (28a a 28p),

dans la région d’affichage (31) et dans la région de non-affichage (32), des lignes sombres (27a a 27j) appa-
raissent entre des domaines adjacents (28a a 28p) lorsqu’une image est affichée dans un niveau de gradation
intermédiaire ou supérieur sur un écran d’affichage et 'image est vue de face, et

une disposition de la pluralité de domaines (28a a 28p) dans la région de non-affichage (32) est différente d’'une
disposition de la pluralité de domaines (28a a 28p) dans la région d’affichage (31).

12. Dispositif d’affichage a cristaux liquides (100, 200) selon la revendication 11, caractérisé en ce qu’une combinaison

de la pluralité de domaines (28a a 28p) dans la région de non-affichage (32) est différente d’'une combinaison de
la pluralité de domaines (28a a 28p) dans la région d’affichage (31).

13. Dispositif d’affichage a cristaux liquides selon la revendication 11, caractérisé en ce qu’une forme de la pluralité

de domaines (28a a 28p) dans la région de non-affichage (32) est différente d’'une forme de la pluralité de domaines
(28a a 28p) dans la région d’affichage (31).
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