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(57) ABSTRACT

The present invention provides: aliquid crystal display device
capable of improving display qualities and yield, the liquid
crystal display device having two or more domains in a pixel
through an alignment treatment that has been provided for a
substrate over several times; and a production method
thereof.
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 sub-
strates;
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 regions different in align-
ment direction,
the production method including
an exposure step of exposing a part of the alignment film
using a photomask having a mask center part and a mask
joint part,
the mask center part having a plurality of transmissive parts
formed within a light-shielding region,
the mask joint part having a region where a plurality of
transmissive parts are formed within a light-shielding
region in a distribution density lower than a distribution
density of the plurality of transmissive parts in the mask
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LIQUID CRYSTAL DISPLAY DEVICE AND
PRODUCTION METHOD THEREOF

This application is the U.S. national phase of International
Application No. PCT/JP2007/071408, filed 2 Nov. 2007,
which designated the U.S. and claims priority to Japan Appli-
cation No. 2007-054793, filed 5 Mar. 2007, the entire con-
tents of each of which are hereby incorporated by reference.

TECHNICAL FIELD

The present invention relates to a liquid crystal display
device and a production method thereof. More particularly,
the present invention relates to a matrix liquid crystal display
device that includes a pixel having two or more domains and
thereby provides high display qualities, and to a production
method of such a device.

BACKGROUND ART

A liquid crystal display device is now being widely used in
a TV, a monitor for PCs, a monitor for PDAs, and the like,
because it is a display device with light weight, slim profile,
and low electrical power consumption. According, to such a
liquid crystal display device, a transmittance of light that
passes through a liquid crystal layer is controlled by a tilt
angle of a liquid crystal molecule, the tilt angle depending on
a voltage applied between a pair of substrates (to the liquid
crystal layer). So in the liquid crystal display device, the
transmittance depends on a viewing angle. Accordingly, in
conventional liquid crystal display devices, display defects
are observed in some viewing directions. For example, a
contrast ratio is reduced or gray-scale inversion occurs when
an image is displayed in an intermediate gradation level.
Accordingly, such conventional liquid crystal display devices
generally have room for improvement in viewing angle char-
acteristics.

An alignment division technology in which each pixel is
divided into two or more regions different in tilt direction of
liquid crystal molecules is now being researched and devel-
oped. According to this technology, the viewing angle char-
acteristics can be improved by tilting the liquid crystal mol-
ecules in each pixel in different directions by applying a
voltage to the liquid crystal layer. The respective regions
which differ in the alignment direction of the liquid crystal
molecules are also called domain. The alignment division is
also called multi-domain.

As the 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 con-
trolled 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; and a multi-domain VAECB (vertical align-
ment electrically controlled birefringence) liquid crystal dis-
play device. These various liquid crystal display devices are
now being further developed in order to show improved view-
ing angle characteristics.

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 sepa-
rated from each other by a resist pattern. According to such a
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rubbing method, the alignment film surface is provided with
the alignment treatment by being rubbed with a cloth wound
on aroller. In this method, dusts such as a fiber ofthe 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 deterio-
ration, of switching elements. In such a point, the rubbing
method still has room for improvement.

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, and so, soils, dusts, and
the like that are generated by the alignment treatment can be
reduced. In addition, in the photo-alignment method, by
exposing the alignment film through a mask, desired regions
in the alignment film plane can be photo-irradiated under
different conditions. As a result, domains having a desirable
design can be easily formed.

The following method is mentioned if one pixel is divided
into two domains by the common photo-alignment method.
Using a photomask where transmissive parts like slits each
having a width about half of a pixel pitch are formed within a
light-shielding region, a halfregion ofthe pixel is subjected to
the 1st exposure, and the photomask is shifted by a half pixel
pitch and then the rest region of the pixel is subjected to the
2nd exposure under conditions different from those in the 1st
exposure. As a result of the 1st and 2nd exposure, each pixel
can be easily divided into two or more domains. In addition,
for example, Patent Document 1 discloses the following lig-
uid crystal alignment film as a technology of providing a
liquid crystal vertical alignment film that can provide multi-
domain alignment without being rubbed, and a technology of
providing a liquid crystal display device including such a
film. The liquid crystal alignment film is composed of a thin
film like a monomolecular film, and a molecule constituting
the thin film has a fluorinated carbon group and a photosen-
sitive group and is bonded and fixed to a substrate surface at
an end part of the molecule constituting the thin film. Also the
molecules constituting the thin film are aligned in a plurality
of directions in a pattern per region of the thin film, and the
molecules constituting the thin film are polymerized or cross-
linked with themselves via the photosensitive groups. Inaddi-
tion, for example, Patent Document 2 discloses the following
liquid crystal display device as a technology of stably align-
ing liquid crystals by a photo-alignment method and thereby
achieving excellent display. The liquid crystal display device
includes an alignment film composed of a mixture of
polyamic acid including a diamine component and polyimide
including a diamine component, the two diamine components
being different, and this alignment film is irradiated with UV
light, thereby being subjected to alignment treatment.

In addition, an increase in size of the liquid crystal display
device is now rapidly proceeding. Liquid crystal TVs in 40 to
60-inch model are being rapidly developed, although plasma
TVs have conventionally accounted for the greatest share of
devices in such sizes. However, it is very difficult to provide
a large liquid crystal display device such as a device in
60-inch model with alignment division by the above-men-
tioned conventional photo-alignment methods. The reason is
given below. There is no exposure apparatus that can com-
plete exposure for a substrate in 60-inch model through one
exposure and can be placed at a plant, and so it is impossible
to complete exposure for the entire substrate surface in
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60-inch model through one exposure. Accordingly, the expo-
sure for the substrate needs to be completed through several
exposures, when a large liquid crystal display device is sub-
jected to the alignment division by the photo-alignment
method. In addition, when a relatively small liquid crystal
display device in 20-inch model is subjected to the alignment
division by the photo-alignment method, exposure for the
substrate would be completed through several exposures if
the exposure apparatus needs to be reduced in size as much as
possible. However, in the liquid crystal display device includ-
ing the substrate the exposure for which is completed through
several exposures, a joint line between exposure regions
might be clearly observed ona display screen, possibly result-
ing in inferior product. Accordingly, if the liquid crystal dis-
play device is subjected to the alignment division by com-
pleting the exposure for the substrate through several
exposures, there is still room for improvement in display
qualities and yield.

For example, Patent Document 3 discloses the following
production method of a liquid crystal display device, as an
exposure technology of pattern-forming a switching element,
an electrode, and the like. The production method includes
steps of: forming a resist film on a substrate on which a
plurality of pixels are to be arranged; transferring a first mask
pattern to a first region of the resist film by exposing the first
region, which is a part of the resist film, through a first mask;
transferring a second mask pattern to a second region of the
resist film by exposing the second region, which partially
overlaps with and is adjacent to the first region of the resist
film, through a second mask, wherein the step of transferring
the first mask pattern includes a step transferring the first
mask pattern portion to one part of a pixel being in a position
at an overlap exposure area, in which the first and the second
areas are laid over each other, and the step of transferring the
second mask pattern includes a step of transferring the second
mask pattern to another part of the pixel.

[Patent Document 1]

Japanese Kokai Publication No. 2001-281669
[Patent Document 2]

Japanese Kokai Publication No. 2003-43492
[Patent Document 3]

Japanese Kokai Publication No. 2000-66235

DISCLOSURE OF INVENTION

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 liquid crystal display device capable of improv-
ing display qualities and yield, the liquid crystal display
device having two or more domains in a pixel through an
alignment treatment that has been provided for a substrate
over several times. The present invention has an object to also
provide a production method of such a device.

The present inventors made various investigations on a
production method of a liquid crystal display device, capable
of improving display qualities and yield even if the device
includes a substrate that has been provided with alignment
division by being exposed over several times. The inventors
noted an embodiment where a substrate is exposed over sev-
eral times. The inventors found the followings. Even if irra-
diation conditions are different between a center region and a
peripheral region in the same exposure region, this difference
continuously changes in the same plane, and a variation in
display characteristics due to this difference is hardly per-
ceived by human eyes. However, if irradiation conditions are
different between adjacent exposure regions, the difference is
perceived by human eyes as a joint line even though the
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difference is too small. Further, it is substantially impossible
to exposure the respective regions of the substrate under
completely the same conditions, even if the exposure is per-
formed using an exposure apparatus and a photomask each
having as high accuracy as possible.

The present inventors made further investigations and
found the followings. The joint line is mainly generated due to
the following differences between adjacent exposure regions
in alignment of a photomask; an irradiation amount; an irra-
diation angle; a proximity gap, which is a distance between
the mask and the substrate; and a polarization axis of polar-
ized light; and a polarization degree of polarized light, in the
case that polarized light is radiated. Among these differences,
the difference in alignment of a photomask is most likely to
occur. Evenifa photomask is aligned with as high accuracy as
possible in an exposure apparatus, a difference in alignment
of the photomask is about * several micrometers between
adjacent exposure regions under the current level of technol-
ogy.

The inventors also found the followings. The difference in
the irradiation conditions between adjacent exposure regions
leads to differences in luminance of a pixel and/or in a domain
area ratio in a pixel opening, the differences discontinuously
changing between the adjacent exposure regions. That is, the
optical characteristics discontinuously change between the
adjacent exposure regions, and so a luminance is discontinu-
ous between the exposure regions particularly when a display
screen is observed from an oblique direction. As a result, the
boundary between the exposure regions is observed as the
joint line. Further, the inventors found the followings. If the
alignment film is exposed over several times using a photo-
mask having a region where transmissive parts are arranged in
a distribution density higher than that of transmissive parts in
the center of the photomask, a sudden change of the lumi-
nance near the joint line can be suppressed. Thus, a liquid
crystal display device and a production method thereof, each
of which can improve display qualities and yield even if the
substrate is provided with the alignment division treatment by
being exposed over several times, can be provided. As a
result, the above-mentioned problems have been admirably
solved, leading to completion of the present invention.

That is, 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 sub-
strates;

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 regions different in align-
ment direction,

the production method including

an exposure step of exposing a part of the alignment film
using a photomask having a mask center part and a mask joint
part,

the mask center part having a plurality of transmissive parts
formed within a light-shielding region,

the mask joint part having a region where a plurality of
transmissive parts are formed within a light-shielding region
in a distribution density lower than a distribution density of
the plurality of transmissive parts in the mask center part.

The production method of the liquid crystal display device
is mentioned below in detail.

The production method of the liquid crystal display device
of'the present invention includes an exposure step of exposing
a part of the alignment film using a photomask having a mask
center part and a mask joint part, the mask center part having
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a plurality of transmissive parts formed within a light-shield-
ing region, the mask joint part having a region where a plu-
rality of transmissive parts are formed within a light-shielding
region in a distribution density lower than a distribution den-
sity of the plurality of transmissive parts in the mask center
part. As a result, an embodiment in which a plane of the
substrate (alignment film) is compartmentalized into some
regions and the regions are separately exposed, more specifi-
cally, an embodiment in which a plane of the alignment film
is compartmentalized into two or more exposure regions and
a joint part (hereinafter, also referred to as a “joint exposure
part”) interposed between adjacent two exposure regions of
the two or more exposure regions, the alignment film in one of
the adjacent two exposure regions is exposed through the
mask center part, and the alignment film in the joint exposure
part is exposed through the mask joint part. That is, the mask
joint part can face the joint exposure part and the mask center
part can face the region (exposure region) except for the joint
exposure part. So even if adjacent two exposure regions (here-
inafter, also referred to as a “first exposure region” and a
“second exposure region”) are exposed under different irra-
diation conditions and as a result, a luminance and/or a
domain area ratio in a pixel opening are/is different between
pixels that are positioned in the first exposure region and
pixels that are positioned in the second exposure region, the
joint exposure part, which has been exposed through the mask
joint part including the region where the transmissive parts
are formed in a distribution density lower than a distribution
density of the transmissive parts in the mask center part,
includes both of pixels (hereinafter, also referred to as “first
pixels”) that exhibit optical characteristics equivalent to those
of the pixels that are positioned in the first exposure region
and pixels (hereinafter, also referred to as “second pixels”)
that exhibit optical characteristics equivalent to those of the
pixels that are positioned in the second exposure region. In the
joint exposure part, the first and second pixels are mixed. As
a result, in the liquid crystal display device produced by the
present invention, if two display regions corresponding to the
first exposure region and the second exposure region have
different luminances, a luminance in the display region cor-
responding to the joint exposure region is between the lumi-
nances of the two display regions. So the luminance does not
suddenly change between the two display regions due to the
display region corresponding to the joint exposure part. As a
result, the liquid crystal display device can be improved in
display qualities and yield. According to the production
method of the present invention, the substrate can be exposed
over several times using the above-mentioned photomask.
Accordingly, even in a large liquid crystal display device, the
entire substrate can be efficiently provided with alignment
division treatment using an exposure apparatus in a normal
size.

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 direc-
tion of a photo-irradiation region.

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.

In order to further 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 sub-
jected to the above-mentioned exposure step.
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The planar shape of the plurality of transmissive parts in
the mask center part and the mask joint part is not especially
limited. In order to provide pixels with alignment division
efficiently and form the transmissive parts with accuracy, it is
preferable that the planar shape is a substantially rectangular
shape. In order to efficiently provide pixels arrayed in a
matrix pattern with alignment division and to reduce produc-
tion costs of the photomask, it is preferable in the photomask
that a plurality of light-shielding parts are formed in a
repeated pattern within the light-shielding region. It is more
preferable in the photomask that a plurality of light-shielding
parts having a substantially rectangular shape as viewed in
plane are formed within the light-shielding region in a
repeated pattern, and the repeated pattern is formed substan-
tially from one end to the other of the photomask. That is, it is
more preferable in the photomask that the plurality of trans-
missive parts are what is so-called slits and formed in what is
so-called a stripe pattern. Accordingly, it is also more prefer-
able that a plurality of slits are formed in a stripe pattern
within the light-shielding region in the photomask, and the
photomask has a mask center part where the plurality of slits
are formed within the light-shielding region and a mask joint
part having a region where the plurality of slits are formed in
a distribution density lower than that of the slits in the mask
center part. The repeated pattern is not especially limited to
the stripe pattern, and may be a dot pattern, for example.

The term “distribution density” used herein means the
number of transmissive parts per given area.

According to the production method of the liquid crystal
display device of the present invention, it is preferable that the
plurality of transmissive parts in the mask center part and the
mask joint part have substantially the same planar shape and
size, generally. If the photomask has a repeated pattern, it is
preferable that the mask joint part has a region where the
transmissive parts are formed in the same pattern as in the
mask center part and the number of the transmissive parts is
(appropriately) smaller than that in the mask center part. The
distribution density of the transmissive parts in the mask
center part of the above-mentioned photomask is substan-
tially uniform, generally.

In the production method of the liquid crystal display
device of the present invention, other steps are not especially
limited as long as the above-mentioned exposure steps are
included.

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 having two
or more regions different in alignment direction. The liquid
crystal display device produced by the production method of
the present invention may or may not include other compo-
nents as long as it essentially includes such common compo-
nents a multi-domain matrix liquid crystal display device has.

The 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.

In the present description, the regions which differ (differ-
ent) in alignment direction are regions which differ (different)
in tilt direction of a liquid crystal molecule included in the
liquid crystal layer, the tilt direction depending on a voltage
applied to the liquid crystal layer. The regions mean a so-
called domain.

Preferred embodiments of the production method of the
liquid crystal display device of the present invention are men-
tioned below in detail. Various embodiments mentioned
below may be appropriately employed in combination.



US 8,134,668 B2

7

It is preferable that the exposure step includes a step of
exposing the alignment film as follows:

aplane ofthe alignment film is compartmentalized into two
or more exposure regions and a joint part (hereinafter, also
referred to as a “joint exposure part”) interposed between
adjacent two exposure regions of the two or more exposure
regions,

the alignment film in one of the adjacent two exposure
regions is exposed through the mask center part, and

the alignment film in the joint exposure part is exposed
through the mask joint part. As a result, the advantages of the
present invention are sufficiently exhibited, and the produc-
tion method of the liquid crystal display device of the present
invention can be more easily performed. In the production
method of the liquid crystal display device of the present
invention, the form of the compartment of the exposure
region is not especially limited and it may be appropriately
determined. For example, the substrate plane may be com-
partmentalized into just two, in a stripe pattern, or into four in
a matrix pattern. The number of the exposure regions is not
especially limited, and it may be appropriately determined.

Thus, it is preferable that in the exposure step, the align-
ment film is exposed through the mask joint part, which faces
the joint exposure part interposed between the adjacent two
exposure regions, and through the mask center part, which
faces the region (exposure region) except for the joint expo-
sure part. In addition, the exposure step may include a step of
exposing the alignment film using the photomask having the
mask joint part and the mask center part as follows: the
alignment film plane is compartmentalized into two or more
exposure regions and a joint exposure part interposed
between adjacent two of the two or more exposure regions,
and the alignment film in the joint exposure part and in one of
the two or more exposure regions is simultaneously exposed
through the mask joint part and the mask center part, respec-
tively.

It is preferable that the exposure step includes a step of
exposing the alignment film using a plurality of the photo-
masks,

the alignment film in a first exposure region of the adjacent
two exposure regions and in the joint exposure region is
exposed through a first photomask of the plurality of the
photomasks,

the alignment film in a second exposure region of the
adjacent two exposure regions and in the joint exposure
region is exposed through a second photomask of the plurality
of the photomasks,

the plurality of transmissive parts are formed in the mask
joint parts in the first and second photomasks in such a way
that the plurality of transmissive parts in the mask joint part of
the first photomask face a pixel group and the plurality of
transmissive parts in the mask joint part of the second photo-
mask face another pixel group,

the two pixel groups satisfying a mutually complementary
arrangement relationship. As a result, every pixel region in the
joint exposure part can be exposed. According to this embodi-
ment, the plurality of different photomasks may be the same
in an arrangement form (pattern) of the transmissive parts as
long as the number of the photomasks is two or more. Simi-
larly, the first photomask and the second photomask may have
the same arrangement form (pattern) of the transmissive
parts. In this embodiment, it is preferable that in any pair of
two photomasks used for exposing adjacent two exposure
region, the plurality of transmissive parts are formed in the
mask joint parts in such a way that the plurality of transmis-
sive parts in the mask joint part of one photomask face a pixel
group and the plurality of transmissive parts in the mask joint
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part of the other photomask face another pixel group, the two
pixel groups satisfying a mutually complementary arrange-
ment relationship. As a specific example of the embodiment
in which the plurality of different photomasks are the same in
an arrangement form (pattern) of the transmissive parts, the
below-mentioned embodiment in which in the mask joint
part, the plurality of transmissive parts and the light-shielding
region are arranged in such a way that the plurality of trans-
missive parts face a pixel group and the light-shielding region
faces another pixel group, the two pixel groups being
arranged symmetrically with respect to a center line of the
mask joint part is preferable. According to the production
method of the liquid crystal display device of the present
invention, generally, each pixel is divided into domains by
exposing the alignment film that is arranged on the substrate
several times through one photomask.

Thus, the present invention may be the following produc-
tion method of a liquid crystal display device.

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 sub-
strates;

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 regions different in align-
ment direction,

wherein the production method includes an exposure step
of exposing the alignment film as follows:

a plane of the alignment film is compartmentalized into
adjacent first and second exposure regions, and a joint expo-
sure part interposed between the first and second exposure
regions,

the exposure step includes a first exposure step and a sec-
ond exposure step,

in the first exposure step, the alignment film in the first
exposure region and the joint exposure part is exposed
through a first photomask including a plurality of transmis-
sive parts formed within a light-shielding region;

in the second exposure step, the alignment film in the
second exposure region and the joint exposure part is exposed
through a second photomask including a plurality of trans-
missive parts formed within a light-shielding region,

the first and second photomasks have a mask joint part that
faces the joint exposure region and a mask center part that
faces the first or second exposure region,

(the first photomask has a mask joint part that faces the
joint exposure part and, a mask center part that faces the first
exposure region,

the second photomask has a mask joint part that faces the
joint exposure part and a mask center part that faces the
second exposure region,)

in each of the first and second photomasks, a distribution
density of the transmissive parts in the mask joint part is lower
than a distribution density of the transmissive parts in the
mask center part,

in the first and second photomasks, the plurality of trans-
missive parts are formed in the mask joint parts in the first and
second photomasks in such a way that the plurality of trans-
missive parts in the mask joint part of the first photomask face
a pixel group and the plurality of transmissive parts in the
mask joint part of the second photomask face another pixel
group, the two pixel groups satisfying a mutually comple-
mentary arrangement relationship,

the first exposure step includes the following two steps of:

exposing the alignment film in a part of a pixel positioned
in the first exposure region through (the mask center part of)



US 8,134,668 B2

9

the first photomask and the alignment film in a part of a the
first pixel positioned in the joint exposure part through (the
mask joint part) the first photomask; and

exposing the alignment film in the other or another part of
the pixel positioned in the first exposure region through (the
mask center part of) the first photomask and the alignment
film in the other or another part of the first pixel through (the
mask joint part of) the first photomask,

the second exposure step includes the following two steps
of:

exposing the alignment film in a part of a pixel positioned
in the second exposure region through (the mask center part
of) the second photomask and the alignment film in a part of
a second pixel, which is different from the first pixel, posi-
tioned in the joint exposure part through (the mask joint part
of) the second photomask; and

exposing the alignment film in the other or another part of
the pixel positioned in the second exposure region through
(the mask center part of) the second photomask and the align-
ment film in the other or another part of the second pixel
through (the mask joint part) of the second photomask.

In the present invention, the number of the photomasks that
can be used in the exposure step is not especially limited, and
may be appropriately determined in view of a size of the
substrate, the exposure apparatus, and the photomask, the
exposure way, and the like.

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 mov-
ing 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 charac-
teristics 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
ofthe 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.

It is preferable that the distribution density of the plurality
of transmissive parts in the mask joint part is half of the
distribution density of the plurality of transmissive parts in
the mask center part. As a result, even if the luminance is
different between the two display regions corresponding to
the first and second exposure regions, the first pixels and the
second pixels can be mixed in the display region correspond-
ing to the joint exposure part on about 50:50 basis. Accord-
ingly, the two display regions corresponding to the first and
second exposure regions can be connected to each other by
the display region corresponding to the joint exposure part
where the luminance is almost intermediate between lumi-
nances of the two display regions. As a result, the joint line on
the display screen becomes hard to perceive.

The term “half” used herein does not necessarily mean
“just half” but may mean “substantially half” as long as the
advantages of the present invention are exhibited.

In the photomask, the mask joint part has a region where
the distribution density of the plurality of transmissive parts
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decreases with increasing distance from the mask center part.
As aresult, even if the luminance is different between the two
display regions corresponding to the first and second expo-
sure regions, the first and second pixels can be mixed in the
display region corresponding to the joint exposure part in
such a way that distribution densities each of the first and
second pixels gradually change. Accordingly, the two display
regions corresponding to the first and second display regions
can be connected to each other by the display region corre-
sponding to the joint exposure part where the luminance is
almost intermediate between luminances of the two display
regions and gradually changes. As a result, the joint line on
the display screen becomes harder to perceive. Thus, it is also
preferable that the mask joint part has a region where the
distribution density of the transmissive parts monotonically
decreases with increasing distance from the mask center part.

It is preferable that the mask joint part has a region where
the number of the plurality of transmissive parts decreases at
a constant rate with increasing distance from the mask center
part. That is, it is preferable that the mask joint part has a
region where the distribution density of the plurality of trans-
missive parts linearly decreases with increasing distance from
the mask center part. As a result, even if the luminance is
different between the two display regions corresponding to
the first and second exposure regions, the first pixels and the
second pixels can be mixed in the display region correspond-
ing to the joint exposure part in such a way that the distribu-
tion densities each of the first and second pixels smoothly
change. Accordingly, the two display regions corresponding
to the first and second display regions can be connected to
each other by the joint exposure part where the luminance is
almost intermediate between luminances of the two display
regions and smoothly changes. As aresult, the joint line on the
display screen is substantially not perceived.

According to the embodiment in which the distribution
density of the plurality of transmissive parts linearly changes,
the rate of change in the distribution density of the plurality of
transmissive parts is not especially limited, and may be appro-
priately determined. That is, the mask joint part may have a
region where the number of the plurality of transmissive parts
per given area decreases by any natural number with increas-
ing distance from the mask center part. It is particularly
preferable that the mask joint part has a region where the
number of the plurality of transmissive parts per given area
decreases by one with increasing distance from the mask
center part. As a result, even if the luminance is different
between the two display regions corresponding to the first and
second exposure regions, the luminance can more smoothly
change between the two display regions due to the display
region corresponding to the joint exposure part. As a result,
the joint line on the display screen becomes much harder to
perceive.

In the present description, the term “given area” generally
have a value that is an integral multiple of an area of a plurality
of pixels, picture elements, or sub-pixels, and may be given
region, range, partition, or block.

It is preferable that in the mask joint part, the number of the
plurality of transmissive parts per given area decreases by one
with increasing distance from the mask center part. As a
result, even if the luminance is difference between the two
display regions corresponding to the first and second expo-
sure regions, the luminance can still more smoothly change
between the two display regions due to the display region
corresponding to the joint exposure part. As a result, the joint
line on the display screen becomes much more harder to
perceive.
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It is preferable that the plurality of transmissive parts are
evenly distributed in the region where the number of the
plurality of transmissive parts per given area decreases by one
with increasing distance from the mask center part. As a
result, the distribution density of the slits can substantially
linearly change in the mask joint part. Accordingly, even if the
luminance is difference between the two display regions cor-
responding to the first and second exposure regions, the lumi-
nance still more smoothly changes between the two regions
due to the display region corresponding to the joint exposure
part. As a result, the joint line on the display screen becomes
much more harder to perceive.

The term “evenly” used herein does not necessarily mean
“completely evenly” and may mean “substantially evenly” as
long as the advantages of the present invention are exhibited.

In addition, the photomask may have, in the center of the
region where the number of the plurality of transmissive parts
per given area decreases by one with increasing distance from
the mask center part, a region where the plurality of transmis-
sive parts are formed in a distribution density half of the
distribution density of the plurality of transmissive parts in
the mask center part. In addition, the photomask may have, in
the region where the number of the plurality of transmissive
parts per given area decreases by one with increasing distance
from the mask center part, an additional region where the
plurality of transmissive parts are formed in a distribution
density that is between distribution densities of the plurality
of transmissive parts in two given areas adjacent to the addi-
tional region. As a result, even if it is difficult to decrease the
number of the plurality of transmissive parts per given area by
one in the entire mask joint part, the luminance can relatively
smoothly change between the two display regions corre-
sponding to the first and second exposure regions due to the
display region corresponding to the joint exposure part.

The term “center” used herein does not necessarily mean
just center but may be substantially center as long as the
advantages of the present invention are exhibited.

In the mask joint part, the plurality of transmissive parts
and the light-shielding region are arranged

in such a way that the plurality of transmissive parts face a
pixel group and the light-shielding region faces another pixel
group,

the two pixel groups being arranged symmetrically with
respect to a center line of the mask joint part. Also in this
embodiment, the joint line is not perceived.

It is 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 oppo-
site 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-do-
main SOB liquid crystal display device, a multi-domain
VAECB (vertical alignment electrically controlled birefrin-
gence) 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.

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
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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 direc-
tions 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.

The term “perpendicular” used herein does not always
means “perfectly perpendicular” and it may means “substan-
tially perpendicular” to such an extent that the advantages of
the present invention are exhibited. Specifically, it is prefer-
able 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.

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 align-
ment film). According to this embodiment, a VA liquid crystal
display device can be produced.

The term “nearly vertically” used herein means “verti-
cally” 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 VAIN mode. More
specifically, it is preferable that the liquid crystal molecules
are aligned in such a way that an angle made by a long axis of
the molecule and the normal direction of the alignment film
surface is about 0.1° to 5°.

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). According to this embodiment, a
horizontal alignment liquid crystal display device can be
produced.

The term “nearly horizontally” used herein means “hori-
zontally” 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 that images can be displayed in TN mode.

The present invention is also a liquid crystal display device
produced by the production method of the liquid crystal dis-
play device of the present invention. In the liquid crystal
display device produced by the production method of the
present invention, the first pixels and the second pixels are
mixed in the display region corresponding to the joint expo-
sure part. So even if the first and second exposure regions that
are adjacent to each other are exposed under different irradia-
tion conditions and, between pixels that are positioned in the
first exposure region and pixels that are positioned in the
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second exposure region, a luminance and/or domain area
ratio in a pixel opening are/is different, and as a result, two
display regions corresponding to the first and second expo-
sure regions have different luminances, the luminance does
not so suddenly change between the first exposure region and
the second exposure region, due to the display region corre-
sponding to the joint exposure part. As a result, the liquid
crystal display device including two or more domains in a
pixel through alignment treatment that has been provided for
the substrate over several times can exhibit excellent display
qualities.

Such a liquid crystal display device having a region where
the first pixels and the second pixels are mixed is mentioned,
as one embodiment of the present invention. That is, 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 sub-
strates;

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 regions different in align-
ment direction,

wherein the liquid crystal display device has adjacent first
and second display regions, and a joint display region inter-
posed between the first and second display regions,

a plurality of first pixels are arrayed in the first display
region,

a plurality of second pixels are arrayed in the second dis-
play region,

the plurality of second pixels being different from the plu-
rality of first pixels in at least one of a luminance and an area
ratio of the two or more regions different in alighment direc-
tion in each pixel opening, and

in the joint display region, the plurality of first pixels and
the plurality of second pixels are arrayed and mixed.

The liquid crystal display device of the present invention is
mentioned below.

The 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 ofthe pair of substrates; and a pixel including two or more
regions (domains) different in alignment direction. Accord-
ingly, the liquid crystal display device of the present invention
shows excellent viewing angle characteristics and it is pref-
erably used as a multi-domain matrix liquid crystal display
device.

The 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.

The liquid crystal display device has adjacent first and
second display regions, and a joint display region interposed
between the first and second display regions,

a plurality of first pixels are arrayed in the first display
region,

a plurality of second pixels are arrayed in the second dis-
play region,

the plurality of second pixels being different from the plu-
rality of first pixels in at least one of a luminance and an area
ratio of the two or more regions different in alignment direc-
tion in each pixel opening. Thus, according to the liquid
crystal display device of the present invention, optical char-
acteristics of the pixels are different between the adjacent first
and second display regions, and so the luminance might be
different between the first and second display regions in some
viewing directions
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The term “pixel opening” used herein means an opening in
a pixel (a region that transmits light of a pixel). Each pixel
generally includes the opening and a light-shielding region,
which is formed along the contour of the opening. The light-
shielding region is a region light-shielded by a light-shielding
member.

In the present description, the pixel is the minimum unit
constituting a display image. According to a monochrome
active matrix liquid crystal display device, the pixel is a
region determined by a pixel electrode and a common elec-
trode facing the pixel electrode. According to a color active
matrix liquid crystal display device, the pixel is generally a
region composed of picture elements of a plurality of colors
(for example, three colors). The picture element is a region of
a single color, constituting the pixel. The picture element is
generally a region determined by a pixel electrode and a
common electrode facing the pixel electrode. The picture
element may have a plurality of driving elements (for
example, TFTs) and a plurality of pixel electrodes that are
connected to each ofthe plurality of driving elements. That is,
the picture element may be further divided into a plurality of
sub-pixels. The sub-pixel is a region determined by one pixel
electrode and a common electrode facing the pixel electrode,
in the picture element. Accordingly, if the liquid crystal dis-
play device of the present invention and the production
method of the liquid crystal display device of the present
invention are applied to a color active matrix liquid crystal
display device and a production method thereof, the pixel
may be the picture element or the sub-pixel. In a common
color active matrix liquid crystal display device, each pixel is
generally composed of picture elements of three colors of red,
blue, and green. In the liquid crystal display device of the
present invention, the kind and number of colors of picture
elements constituting each pixel are not especially limited
and may be appropriately determined. That is, in the liquid
crystal display device of the present invention, each pixel may
be composed of picture elements of three colors of cyan,
magenta, and yellow, or picture elements of four or more
colors. Further, in a passive matrix liquid crystal display
device, the pixel is generally a region determined by an inter-
section of the signal electrodes and the scanning electrodes,
arranged in a stripe pattern.

In the joint display region, the first pixels and the second
pixels are arrayed and mixed. The first pixels have optical
characteristics equal to those of the pixels that are positioned
in the first display region and the second pixels have optical
characteristics equal to those of the pixels that are positioned
in the second display region, and in the joint display region,
the first and second pixels are mixed. So the joint display
region has a luminance that is almost intermediate between of
the first and second display regions. Accordingly, the lumi-
nance does not suddenly change between the first display
region and the second display region due to the joint exposure
region. As a result, the display qualities and the yield can be
improved.

The liquid crystal display device of the present invention
may or may not include other components as long as it essen-
tially includes such components. The configuration of the
liquid crystal display device of the present invention is not
especially limited.

The method for producing the liquid crystal display device
of the present invention is not especially limited, but the
above-mentioned production method of the liquid crystal dis-
play device of the present invention is preferable. The 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 liquid crystal display
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device of the present invention includes a photo-alignment
film as the alignment film, and exposure is employed as an
alignment treatment for such a photo-alignment film. Itis also
preferable that the alignment film is formed of a material
(photo-alignment material) that can align liquid crystal mol-
ecules in directions different depending on a photo-irradia-
tion direction or a moving direction of a photo-irradiation
region. In addition, the first and second display regions in the
liquid crystal display device of the present invention corre-
spond to the adjacent exposure regions (the first exposure
region and the second exposure region) in the production
method of the liquid crystal display device of the present
invention; and the joint display region in the liquid crystal
display device of the present invention corresponds to the
joint exposure region in the production method of the liquid
crystal display device of the present invention.

Preferable embodiments of the liquid crystal display
device of the present invention are mentioned below in detail.
Various embodiments mentioned below may be appropriately
combined.

It is preferable that the joint display region has a region
where the plurality of first pixels and the plurality of second
pixels are alternately arrayed. According to this embodiment,
in the joint display region, the first pixels and the second
pixels are mixed on about 50:50 basis. Accordingly, the joint
display region where the luminance is almost intermediate
between luminances of the first and second display regions
connects the first and second display regions to each other. As
a result, the joint line on the display screen becomes hard to
perceive.

The joint display region may include a region where a
distribution density of the plurality of first pixels decreases
with increasing distance from the first display region. As a
result, in the joint display region, both of the first pixels and
the second pixels can be mixed in such a way that the distri-
bution densities each of the first and second pixels gradually
change. Accordingly, the first and second display regions are
connected to each other by the joint display region where the
luminance is almost intermediate between luminances of the
first and second display regions and gradually changes. As a
result, the joint line on the display screen becomes much
harder to perceive. Thus, it is also preferable that the joint
display region has a region where the distribution density of
the first pixels monotonically decreases with increasing dis-
tance from the first display region.

It is preferable that the joint display region has a region
where the distribution density of the plurality of first pixels
and a distribution density of the plurality of second pixels
each linearly change. As a result, the first pixels and the
second pixels can be mixed in the joint display region in such
a way that each distribution density of the first and second
pixels smoothly changes. Accordingly, the first and second
display regions are connected to each other by the joint dis-
play region where the luminance is almost intermediate
between luminances of the first and second display regions
and smoothly changes. As a result, the joint line on the display
screen is substantially not perceived.

It is preferable that the joint display region has a region
where the number of the plurality of first pixels per given area
and the number of'the plurality of second pixels per given area
each change by one. As a result, the luminance between the
first display region and the second display region can more
smoothly change due to the joint display region. As a result,
the joint line on the screen becomes much harder to perceive.

It is preferable that in the joint display region, the number
of'the plurality of first pixels per given area and the number of
the plurality of second pixels per given area each change by
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one. As a result, the luminance can much more smoothly
change between the first display region and the second dis-
play region due to the joint display region. As a result, the
joint line on the display screen becomes much more harder to
perceive.

It is preferable that the plurality of first pixels or the plu-
rality of second pixels are evenly distributed in the region
where the number of the plurality of first pixels per given area
and the number of the plurality of second pixels per given area
each change by one. As a result, the luminance can much
more smoothly change between the first display region and
the second display region due to the joint display region. As a
result, the joint line on the display screen becomes much more
harder to perceive.

It is preferable that the liquid crystal display device has, in
the center of the region where the distribution density of the
plurality of first pixels and the distribution density of the
plurality of second pixels each change by one, a region where
the plurality of first pixels and the plurality of second pixels
are alternately arrayed. In addition, the liquid crystal display
device may have, in the region where the number of the
plurality of first pixels per given area and the number of the
plurality of second pixels per given area each change by one,
an additional region where the plurality of first pixels and the
plurality of second pixels are arrayed in such a way that the
distribution density of the plurality of first pixels is between
distribution densities of the plurality of first pixels in two
given areas adjacent to the additional region. Even if it is
difficult to change the numbers each of the first and second
pixels per given area by one in the entire joint display region,
the luminance can relatively smoothly change between the
first and second display regions due to the joint display
region.

In the joint display region, the plurality of first pixels and
the plurality of second pixels are arranged symmetrically
with respect to a center line of the joint display region. As a
result, the joint line on the display screen is not perceived.

Further, it is preferable that the liquid crystal layer includes
liquid crystal molecules with negative dielectric anisotropy,

the alignment film is arranged on each of the pair of sub-
strates, 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 align-
ment film). As a result, a vertical alignment liquid crystal
display device can be produced.

The liquid crystal layer includes liquid crystal molecules
with positive dielectric anisotropy,

the alignment film is arranged on each of the pair of sub-
strates, 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 align-
ment film). As a result, a horizontal alignment liquid crystal
display device can be produced.

It is preferable that the pixel includes four or less regions
different in alignment direction, and it is more preferable that
the pixel includes four regions different in alignment direc-
tion. According to this, the production steps can be sup-
pressed from being complicated, and further the liquid crystal
display device can be excellent in viewing angle characteris-
tics. 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,
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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 excel-
lent in symmetric property can be produced. As a result, the
liquid crystal display device shows 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 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 view-
ing angle characteristics are not so different practically
between the four-domain alignment division and five or
more-domain alignment division.

That is, it is preferable 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 align-
ment 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 aresult, amulti-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 mol-
ecules 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,
in such a way that their alignment treatment directions are
substantially perpendicular to each other when the substrates
are viewed in plane.

EFFECT OF THE INVENTION

The liquid crystal display device and the production
method thereof of the present invention provide a liquid crys-
tal display device capable of improving display qualities and
yield, the liquid crystal display device having two or more
domains in a pixel through an alignment treatment that has
been provided for a substrate over several times.

BEST MODES FOR CARRYING OUT THE
INVENTION

The present invention is mentioned in more detail below
with reference to Embodiments using drawings, but not lim-
ited to only these Embodiments.

Embodiment 1

A configuration of a liquid crystal display device in accor-
dance with Embodiment 1 is mentioned first. FIG. 1 is a
cross-sectional view schematically showing the configura-
tion of the liquid crystal display device in accordance with
Embodiment 1. As shown in FIG. 1, a 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 sub-
strate); 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 (pixel electrode) 4a and a
vertical alignment film Sa on a liquid crystal layer 3 side-
surface of an insulating substrate 26« 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 (common
electrode) 45 and a vertical alignment film 55 on a liquid
crystal layer 3 side-surface of an insulating substrate 265 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
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in this order on a surface on the side opposite to the liquid
crystal layer 3 side of the first substrate 1. A retarder 76 and a
polarization plate 65 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 76 may not be arranged, but
preferably arranged in view of wide viewing angle. Only one
of the retarders 7a and 76 may be arranged. Thus, the liquid
crystal display device 100 includes a so-called liquid crystal
display panel.

The liquid crystal layer 3 includes a nematic liquid crystal
material with negative dielectric anisotropy (negative nem-
atic liquid crystal material), for example. Liquid crystal mol-
ecules in the liquid crystal layer 3 are aligned substantially
vertically to the surfaces of the vertical alignment films 5a
and 56 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 degrees to several degrees with respect to the nor-
mal direction of the surfaces ofthe vertical alignment films 5a
and 5b. That is, the vertical alignment films 5a and 56 provide
the liquid crystal molecules with a small pretilt angle. The
term “pretilt angle” used herein means an angle made by a
substrate surface and a long axis direction of a liquid crystal
molecule that 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 that 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 applica-
tion), the liquid crystal molecules are further tilted in a direc-
tion in accordance with a predetermined pretilt angle. More
specifically, a liquid crystal molecule 3a, which is 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 Sa and 56 are formed of a photo-alignment
material. The pretilt directions which the vertical alignment
films 5a and 54 regulate are determined by exposing surfaces
of the vertical alignment films 5a and 5b through a photo-
mask, for example, from a direction oblique to the substrate
surface.

FIG. 2 is a plan view schematically showing a direction of
photo-irradiation to the vertical alignment film in each picture
element in the liquid crystal display device in accordance
with Embodiment 1. FIG. 2(a) shows the first substrate. FIG.
2(b) shows the second substrate. FIG. 3 is a plan view sche-
matically 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 device in accordance
with Embodiment 1. In FIGS. 2 and 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 sec-
ond substrate. FIG. 3 shows a liquid crystal molecule 3a,
which 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.

As shown in FIG. 2, in a picture element 8, the vertical
alignment films 5a and 55 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 Sa and 55 are set to be different
from each other by about 90° when the first substrate 1 is
attached to the second substrate 2, as shown in FIGS. 2 and 3.
As a result, a pretilt direction which the vertical alignment
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film 5a regulates and a pretilt direction which the vertical
alignment film 55 regulates are different from each other by
about 90° in each domain. Accordingly, in each domain, the
liquid crystal molecules are twisted about 90° as the sub-
strates are viewed in plane. In addition, 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 device 100, the liquid crystal molecules
are twisted about 90° between the vertical alignment films
whose pretilt directions (alignment treatment directions) are
perpendicular to each other. So the liquid crystal display
device 100 is a 4 domain-VATN liquid crystal display device.
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 device 100 is
a four domain-liquid crystal display device.

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. 2. Further, the embodiment in which one pixel
(one picture element) is divided into four domains is prefer-
able in order to improve viewing angle characteristics of a
liquid crystal display device. In addition, a photomask that is
used for forming an alignment control structure such as a rib
(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 characteristics 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. Itis not recommended that one
pixel is divided into five or more domains because the pro-
duction 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.

According to the present Embodiment, the polarization
plates 6a and 65 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 polar-
ization plate 65 as the panel (substrates) is viewed in plane.
The polarization plates 6a and 65 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 polariza-
tion plate 64 is the same as the direction of photo-irradiation
to the vertical alignment film Sa and the other is the same as
the direction of photo-irradiation to the vertical alignment
film 54. Accordingly, when a voltage is applied, light incident
from the polarization plate 65 side is polarized in the polar-
ization 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 direc-
tion Q and emitted from the polarization plate 6a. 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 6a. Thus, the liquid crystal
display device 100 is a normally black liquid crystal display
device. The term “polarization axis” used herein means an
absorption axis. The polarization axis direction P of the polar-
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ization plate 6a and the polarization axis direction Q of the
polarization plate 65 are not especially limited to the direc-
tions shown in FIG. 2, respectively, and they may be appro-
priately determined. It is preferable that the polarization axis
directions of the pair of polarization plates 6a and 65 are
different from each other by about 90° when the panel (sub-
strates) is viewed in plane. It is preferable that the polarization
plates 6a and 65 are arranged in a Cross-Nicol relationship.

According to the present Embodiment, the vertical align-
ment liquid crystal display device is mentioned. However, the
liquid crystal display device in the present Embodiment may
be a horizontal alignment liquid crystal display device. In this
case, the liquid crystal layer 3 includes nematic liquid crystal
materials with positive dielectric anisotropy (positive nem-
atic liquid crystal materials), and instead of the vertical align-
ment films 5a and 54, horizontal alignment films may be
arranged on the liquid crystal layer 3 side surfaces of the first
and second substrates 1 and 2.

A production method of the liquid crystal display device in
accordance with Embodiment 1 is mentioned below. FIG.
4(a) is a plan view schematically showing the first substrate
(TFT array substrate) in accordance with Embodiment 1.
FIG. 4(b) is a plan view schematically showing the second
substrate (CF substrate) in accordance with Embodiment 1.

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. 4(a), on an insulating substrate
(not shown) such as a glass substrate, scanning signal lines 9,
TFTs 11, data signal lines 10, and pixel electrodes 12 are
successively arranged in such a way 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. The following CF substrate is used as the second
substrate 2, for example. As shown in FIG. 4(), on an insu-
lating 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, on the insulating substrate,
the BM 13 is arranged in a lattice pattern, and the color filter
14 is arranged 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 direc-
tion (in the lateral direction as the display face is viewed in
front). The insulating substrates are not especially limited to
a glass substrate as long as it has an insulating surface. Mate-
rials commonly used may be mentioned as materials for the
above-mentioned components.

Then, a solution containing a material for the photo-align-
ment film is applied to the first TFT array substrate and the CF
substrate 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 are formed. The material is not especially
limited, and a resin containing a photosensitive group and the
like is mentioned. More specifically, a polyimide containing
a photosensitive group such as a 4-chalcone group (the fol-
lowing formula (1)), a 4'-chalcone group (the following for-
mula (2), a coumarin group (the following formula (3)), and a
cinnamoy] group (the following formula (4)) is preferable, for
example. The photosensitive groups represented by the for-
mulae (1) to (4) undergo a crosslinking reaction (including
dimerization reaction), an isomerization reaction, a photore-
orientation, and the like by light (preferably UV light). If
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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 (C;Hs—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, a
polyimide containing such a cinnamate group is more pref-
erable as the material for the photo-alignment film. The cal-
cination temperature, the calcination time, and the thickness
of the photo-alignment film are not especially limited and
they may be appropriately determined.

[Formula 1]
M
[0}
I
: //— C
[Formula 2]
@
)t
[Formula 3]
(©)
O
O
[Formula 4]
@)

_Elf@

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 dis-
closed 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: pro-
ceedings 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.

Procedures for exposure for the alignment film are men-
tioned below. FIGS. 5(a) to 5(e) are plan views each sche-
matically showing the first substrate in an exposure step in
accordance with Embodiment 1. FIG. 6 is a cross-sectional
view schematically showing the first substrate in the exposure
step in accordance with Embodiment 1 and showing an
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embodiment of photo-irradiation to the first substrate. FIGS.
7(a) to 7(e) are plan views schematically showing the second
substrate in the exposure step in accordance with Embodi-
ment 1.

According to the present Embodiment, the alignment film
is exposed by scan exposure. Steps of exposure for the first
substrate are mentioned. A photomask 21a and a photomask
215 are used. The photomask 21a has a mask center part 19a
and a mask joint part 20a. The photomask 215 has a mask
center part 1956 and a mask joint part 205. As shown in FIG.
5(a), the photomasks 21a and 215 are arranged in such a way
that the mask joint part 20a and the mask joint part 205
overlap with each other in the x-axis direction. The photo-
masks 21a and 215 each have a plurality of slits that extend
toward the y-axis direction and are arrayed in the x-axis
direction. More specifically, the mask center parts 194 and
195 each have a plurality of transmissive parts each having a
rectangular shape as viewed in plane, within a light-shielding
region. Each transmissive part has a width substantially half
of a pitch of picture elements in the x-axis direction (the
lateral direction as the display face is viewed in front). The
plurality of transmissive parts are arranged at a pitch substan-
tially the same as the pitch of picture elements in the x-axis
direction. The mask joint parts 20a and 205 have a plurality of
slits like those in the mask center parts 194 and 195 within the
light-shielding region. The slits of the mask joint parts 20a
and 205 are arranged in a distribution density lower than that
of'the slits of the mask center parts 194 and 195. The arrange-
ment form of the slits of the mask joint parts 20a and 205 is
mentioned below. A light source (not shown) is arranged
above the photomasks 21a and 215.

The position between the slits in the photomasks 21a and
2156 and the picture elements in the first substrate 1 is
adjusted, and then, as shown in FIG. 5(5), a polarized UV
light is radiated to the first substrate 1 while the first substrate
1 is moved in the +y direction, thereby exposing the align-
ment film that is arranged on the first substrate 1 surface from
one end to the other through the photomasks 21a and 215 (the
1st scan). In this case, the first substrate 1 is moved in such a
way that the slits of the photomasks 21a and 215 are posi-
tioned along the bus wirings such as the data signal line 10 and
the scanning signal line 9 arranged in the first substrate 1. As
shown in FIG. 6, the first substrate 1 is irradiated with polar-
ized UV light 15 from an oblique direction. The photomasks
21a and 2154, and the first substrate 1 are arranged with a
certain distance (a promixity gap 16). Attributed to this dis-
tance, the first substrate 1 is moved smoothly, and even if the
photomasks 21a and 215 sag under its own weight, the pho-
tomask 21a and 215 are suppressed from being in contact
with the first substrate 1. As a result of the 1st scan, a sub-
stantially half region of each pixel (each picture element) is
provided with the alignment treatment. As shown in FIG. 6,
the liquid crystal molecules 35, which are positioned near the
vertical alignment film Sa surface, each have a pretilt angle
17. This pretilt angle 17 is substantially uniform in each
exposure region. In addition, as a result of the 1st scan, the
first substrate 1 has an exposure region 22, an exposure region
23, and a joint exposure region 24, as shown in FIG. 5(c). The
exposure region 22 is exposed through the mask center part
194 of the photomask 21a. The exposure region 23 is exposed
through the mask center part 196 of the photomask 215. The
joint exposure part 24 is exposed through the mask joint parts
20a and 205 of the photomasks 21a and 215. That is, the
exposure step in the present Embodiment includes a step of
exposing the alignment film that is arranged on the first sub-
strate 1 as follows: the alignment film plane is compartmen-
talized into the adjacent exposure regions 22 and 23, and the
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joint exposure part 24 interposed between the regions 22 and
23, and the alignment film in the exposure joint part 24 is
exposed through the mask joint parts 20a and 205, and the
alignment film in the exposure regions 22 and 23 is exposed
through the mask center parts 19¢ and 1954. The scanning
exposure in the present invention may have an embodiment in
which the substrate is fixed and the photomasks and the
light-source are moved.

The first substrate 1 is rotated 180° in the first substrate 1
plane, and then as shown in FIG. 5(d), the first substrate 1 is
horizontally moved by about a half of a picture element pitch
in the x-axis direction in such a way that each slit in the
photomasks 21a and 2154 is positioned in an unexposed region
of'each picture element. Then, as shown in FIG. 5(e), with the
first substrate 1 being moved, the alignment film from one end
to the other (the 2nd scan) is exposed, as performed in the 1st
scan shown in FIG. 5(b). As a result of the 2nd scan, the rest
substantially half region of each pixel (each picture element)
is provided with alignment treatment, and thus, the entire
region of the vertical alignment film that is on the first sub-
strate 1 is exposed. The light source and the photomasks 21a
and 215 are fixed during the 1st and 2nd scan. So an incident
angle of the light beam (the polarized UV light 15) in the 2nd
scan with respect to the first substrate 1 is substantially the
same as an incident angle of the light beam (the polarized UV
light 15) 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 in the 1st scan is just opposite to the direction of
the light beam radiated to the first substrate 1 in the 2nd scan
when the first substrate 1 is viewed in plane, as shown in FIG.
2(a). That is, each picture element in the first substrate 1 has
two regions as shown in FIG. 2(a), and the alignment direc-
tions of the liquid crystal molecules in the two regions are
opposite and parallel to each other.

Then, steps of exposure for the second substrate are men-
tioned. Exposure for the second substrate is performed in
almost the same procedures as in the exposure for the first
substrate, except for the kind of the photomasks. That is, a
photomask 21¢ and a photomask 21d are used. The photo-
mask 21c has amask center part 19¢ and a mask joint part 20c.
The photomask 214 has a mask center part 194 and a mask
joint part 20d. As shown in FIG. 7(a), the photomasks 21¢ and
21d are arranged in such away that the mask joint part 20c and
the mask joint part 204 overlap with each other in the y-axis
direction. The photomasks 21¢ and 21d each have a plurality
of slits that extend toward the x-axis direction and are arrayed
in the y-axis direction. More specifically, the mask center
parts 19¢ and 19d each have a plurality of transmissive parts
each having a rectangular shape as viewed in plane, within a
light-shielding region. Each transmissive part has a width
about quarter of a pixel pitch in the y-axis direction (the
vertical direction as the display face is viewed in front). The
plurality of transmissive parts are arranged at a pitch substan-
tially half of the pixel pitch in the y-axis direction. The mask
joint parts 20c and 204 have a plurality of'slits like those in the
mask center parts 19¢ and 194 within the light-shielding
region. The slits of the mask joint parts 20¢ and 20d are
arranged in a distribution density lower than that of the slits of
the mask center parts 19¢ and 194. The arrangement form of
the slits of the mask joint parts 20c and 20d is mentioned
below. Alight source (not shown) is arranged above the pho-
tomasks 21¢ and 21d. According to the present Embodiment,
the pixel pitch and the picture element pitch are the same in
the vertical direction as the display screen is viewed in front.

The position between the slits in the photomasks 21¢ and
21d, and the pixels in the second substrate 2 is adjusted, and

35

40

45

24

then, as shown in FIG. 7(b), a polarized UV light is radiated
to the second substrate 2 while the second substrate 2 is
moved in the +x direction, thereby exposing the alignment
film that is arranged on the second substrate 2 surface from
one end to the other through the photomasks 21¢ and 21d (the
1st scan). In this case, the second substrate 2 is moved in such
a way that the slits in the photomasks 21¢ and 214 are posi-
tioned along the BM 13 arranged in the second substrate 2.
Similarly to the direction of photo-irradiation to the first
substrate, shown in FIG. 6, the second substrate is irradiated
with the polarized UV light from an oblique direction. Simi-
larly to the first substrate, the photomasks 21¢ and 214, and
the second substrate 2 are arranged with a proximity gap. As
aresultofthe 1st scan, a substantially halfregion of each pixel
(each picture element) is provided with the alignment treat-
ment. As shown in FIG. 6, the liquid crystal molecules, which
are positioned near the vertical alignment film surface on the
second substrate, each have a pretilt angle, similarly to the
first substrate. This pretilt angle is substantially uniform in
each exposure region. In addition, as a result of the let scan,
the second substrate 2 has an exposure region 32, an exposure
region 33, and a joint exposure region 34, as shown in FIG.
7(c). The exposure region 32 is exposed through the mask
center part 19¢ of the photomask 21¢. The exposure region 33
is exposed through the mask center part 194 of the photomask
21d. The joint exposure part 34 is exposed through the mask
joint parts 20¢ and 204 of the photomasks 21¢ and 21d. That
is, the exposure step in the present Embodiment includes a
step of exposing the alignment film that is arranged on the
second substrate 2 as follows: the alignment film plane is
compartmentalized into the adjacent exposure regions 32 and
33, and the joint exposure part 34 interposed between the
regions 32 and 33, and the alignment film in the exposure joint
part 34 is exposed through the mask joint parts 20c and 20s,
and the alignment film in the exposure regions 32 and 33 is
exposed through the mask center parts 19¢ and 194.

The second substrate 2 is rotated 180° in the second sub-
strate 2 plane, and then as shown in FIG. 7(d), the second
substrate 2 is horizontally moved by about a quarter of a pixel
pitch in the y-axis direction in such a way that each slit of the
photomasks 21¢ and 21dis positioned in an unexposed region
of each pixel. Then, as shown in FIG. 7(e), with the second
substrate 2 being moved, the alignment film is exposed from
one end to the other (the 2nd scan) as performed in the 1st scan
shown in FIG. 7(b). As a result of the 2nd scan, the rest
substantially half region of each pixel (each picture element)
is provided with alignment treatment, and thus, the entire
region of the vertical alignment film that is on the second
substrate 2 is exposed. Similarly to the first substrate, the
direction of the light beam radiated to the second substrate 2
in the 1stscanis just opposite to the direction of the light beam
radiated to the second substrate 2 in the 2nd scan when the
second substrate 2 is viewed in plane, as shown in FIG. 2(5).
That is, each picture element in the second substrate 2 has two
regions as shown in FIG. 2(b), and the alignment directions of
the liquid crystal molecules in the two regions are opposite
and parallel to each other.

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. 4) when the
display face of the liquid crystal display device is viewed in
front; and the CF substrate is exposed through the photomask
where the transmissive parts are arranged in a stripe pattern,
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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. 4, the picture element pitch and the pixel
pitch in the vertical direction are the same in the present
Embodiment) when the display face of the liquid crystal
display device is viewed in front. The pattern of the transmis-
sive parts is not especially limited, and it may be appropri-
ately 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 may have a slit pattern for alignment
division of each sub-pixel.

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 appro-
priately determined depending on the alignment film mate-
rial, the production process, and the like. Non-polarized light
(extinction ratio=1:1) may be used.

Liquid crystal material: nematic liquid crystal having a bire-
fringence An of 0.06 to 0.14, a dielectric anisotropy A€ 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°

Cell gap: 2 pm to 5 um

Irradiation energy density: 0.01 to 5 J/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.

Then, the arrangement embodiment of the slits in the mask
joint part through which the joint exposure part is exposed is
mentioned in detail. The photomasks 21a and 215 are men-
tioned first. FIG. 8 is an enlarged plan view schematically
showing the photomasks in accordance with Embodiment 1.
FIG. 9 is an enlarged plan view schematically showing the
mask joint parts of the photomasks in accordance with
Embodiment 1. FIG. 10 is a graph showing a change in
distribution density of slits in each of the mask joint parts of
the photomasks in accordance with Embodiment 1. The mask
joint parts 20a and 205 are positioned in a region correspond-
ing to 90 pixels in a direction (the x direction in FIG. 5)
vertical to the longitudinal direction of the slit 25. In each of
the mask joint parts 20a and 205 in the photomasks 21a and
215, the slits 25 are formed in every other pixel, as shown in
FIGS. 8 and 9. That is, as shown in FIG. 10, in each of the
mask joint parts 20a and 205, the slits 25 are formed in a
distribution density of 50% relative to that of the slits 25 in the
mask center part. The slits 25 in each of the mask joint parts
20a and 2054 are formed on three-picture elements (a set of
RGB) basis as shown in FIG. 9. In the present description, the
number of pixels arrayed in the direction vertical to the lon-
gitudinal direction of the slit in the photomask is simply
called “the number of pixels”. In the joint exposure part 24,
the pixels exposed through the photomask 21a and the pixels
exposed through the photomask 215 are alternately arranged
in the x-axis direction.
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Then, the photomasks 21¢ and 21d are mentioned. FIG. 11
is an enlarged plan view schematically showing mask joint
parts of other photomasks in accordance with Embodiment 1.
The mask joint parts 20a and 205 are positioned in a region
corresponding to 90 pixels in a direction (the y direction in
FIG. 7) vertical to the longitudinal direction of the slit 25.
Similarly to the photomasks 21a and 215, in each of the mask
joint parts 20¢ and 204 in the photo mask 21¢ and 214, the slits
25 are formed in every other pixel, as shown in FIG. 11. That
is, in each of the mask joint parts 20c and 204, the slits 25 are
formed in a distribution density of 50% relative to that of the
slits 25 in the mask center part. In the joint exposure part 34,
the pixels exposed through the photomask 21¢ and the pixels
exposed through the photomask 214 are alternately arranged
in the y-axis direction.

A step of attaching the first substrate to the second substrate
is mentioned below. FIG. 12 is a plan view schematically
showing the first and second substrates attached to each other
in accordance with Embodiment 1. In the attachment step, a
sealing member is arranged around the first substrate or the
second substrate prepared as above. Then, for example, plas-
tic beads each having a diameter of 4 um are sprayed on the
first substrate or second substrate on which the sealing mem-
ber has been arranged, and then, the first substrate and the
second substrate are attached to each other. The relationship
of the light beam-irradiation direction between the two sub-
strates in one picture element is as shown in FIG. 3. The
scanning directions for the substrates facing each other are
substantially perpendicular to each other in each domain. The
joint exposure part 24 on the first substrate 1 is substantially
perpendicular to the joint exposure part 34 on the second
substrate 2, as shown in FIG. 12.

Then, for example, the above-mentioned liquid crystal
materials are injected between the first substrate and the sec-
ond substrate, and the liquid crystal molecules exhibit pretilt
angles different in a direction depending on the domain. As a
result, in each domain, the alignment azimuth of the liquid
crystal molecules that are positioned near the center in the
surface plane and in the thickness direction of the liquid
crystal layer makes an angle of 45° with the light beam-
irradiation direction when the substrate is viewed in plane as
shown in FIG. 3.

The two polarization plates 6a and 65 are attached on the
exterior sides of the first substrate 1 and the second substrate
2 in such a way that their polarization axes are in a relation-
ship shown in FIG. 3. As aresult, the liquid crystal molecules
are almost vertically aligned when no voltage is applied, and
so the liquid crystal display panel in the present Embodiment
provides excellent black display (excellent normally black
display). The liquid crystal display panel in the present
Embodiment shows display characteristics hardly depending
on a viewing direction because one pixel is divided into four
domains different in alignment direction of liquid crystal
molecules.

Then, after common module-producing steps, a liquid
crystal display device in the present Embodiment is com-
pleted.

A display screen of the liquid crystal display device in
accordance with the present Embodiment is mentioned
below. According to the liquid crystal display device in the
present Embodiment, each alignment film that is arranged on
the substrate is provided with alignment (exposure) treatment
over several times. Accordingly, the joint line might be gen-
erated in the display region corresponding to the joint expo-
sure part of the first and second substrates.

The case that misalignment of photomasks occurs is men-
tioned first. FIG. 13 is a plan view schematically showing a
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display region of the liquid crystal display device in accor-
dance with Embodiment 1. FIG. 14 is an enlarged plan view
schematically showing a pixel array in the display region of
the liquid crystal display device shown in FIG. 13. FIG. 14(a)
shows a pixel array in a first display region. FIG. 14(b) shows
apixel array in a joint display region. FIG. 14(c) shows a pixel
array in a second display region adjacent to the first display
region. FIG. 15 is a plan view schematically showing picture
elements in the first and second display regions in the liquid
crystal display device shown in FIG. 13. FIG. 15(a) shows
picture elements in the first display region. FIG. 15(5) shows
picture elements in the second display region. In FIG. 13, the
display region in the case that misalignment of photomasks
occurs in the step of exposing the first substrate is shown.

When misalignment of the photomasks in the exposure
step for the first substrate, a display region 70 in the liquid
crystal display device 100 in the present Embodiment has
adjacent two display regions 41 and 42 and a joint display
region 51 interposed between the display regions 41 and 42,
as shown in FIG. 13. As shown in FIGS. 12 and 13, the display
region 41 is positioned in a region corresponding to the expo-
sure region 22; the display region 42 is positioned in a region
corresponding to the exposure region 23; and the joint display
region 51 is positioned in a region corresponding to the joint
exposure part 24. As shown in FIG. 14(a), a plurality of pixels
61 are arrayed in the display region 41, and as shown in FIG.
4(c), a plurality of pixels 62 are arrayed in the display region
42. If misalignment of the photomasks occurs in the exposure
step for the first substrate, a domain area ratio in each pixel
opening is different between the picture elements constituting
the pixel 61 and the picture elements constituting the pixel 62.
More specifically, as shown in FIG. 15(a), for example, in
each opening in the picture elements 63 constituting the pixel
61, a domain boundary line is misaligned to the right of the
center line (the broken line in FIG. 15) of the picture ele-
ments. The areas of domains D1 and D4 are larger than those
of domains D2 and D3. As shown in FIG. 15(5), for example,
in the each opening in the picture elements 64 constituting the
pixel 62, a domain boundary line is misaligned to the left of
the center line (the broken line in FIG. 15(5) of the picture
elements. The areas of the domains D1 and D4 are smaller
than those of the domains D2 and D3. Thus, the domain area
ratio is different between the picture elements 63 and the
picture elements 64. Accordingly, the luminance is generally
different between the picture elements 63 and the picture
elements 64, in some viewing directions. As a result, the
luminance is different between the display region 41 where
the picture elements 63 (the pixels 61) are positioned and the
display region 42 where the picture elements 64 (the pixels
62) are positioned, in some viewing directions. The differ-
ence in domain area ratio between the picture elements 63 and
the picture elements 64 can be determined with a commer-
cially available microscope. The difference in luminance
between the picture elements 63 and the picture elements 64
can be determined, for example, by measuring a difference in
luminance (the maximum luminance) in the each pixel open-
ing between the picture elements 63 and the picture elements
64 with a commercially available luminance meter.

The joint display region 51 is a display region correspond-
ing to the joint exposure part 24 in the first substrate 1. So in
the joint display region 51, the pixels 61 and the pixels 62 are
arrayed and mixed. Specifically, as shown in FIG. 14(5), in
the joint display region 51, an array of the pixels 61 and an
array of the pixels 62 are alternately arranged. That is, in the
joint display region 51, the pixels 61 and the pixels 62 are
mixed on about 50:50 basis. Accordingly, the joint display
region 51 has a luminance that is almost intermediate between
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luminances of the display regions 41 and 42. So the lumi-
nance does not suddenly change between the display regions
41 and 42 due to the joint display region 51. Two joint lines,
one being observed at a boundary between the display region
41 and the joint display region 51, the other being observed at
a boundary between the display region 42 and the joint dis-
play region 51, might be observed, but such joint lines have
less adverse effects on the display characteristics than a joint
line does, the joint line being observed when no joint display
region 51 exists, i.e., a joint line that is observed when the
display region 41 is directly adjacent to the display region 42.
According to the liquid crystal display device in the present
Embodiment, the joint display region 51 having a luminance
that is almost intermediate between luminances of the display
regions 41 and 42 connects the display region 41 to the
display region 42, and so the joint line becomes hard to
perceive. Accordingly, the display qualities and the yield of
the liquid crystal display device can be improved.

Then, the case where misalignment of photomasks occurs
in the exposure steps for the first and second substrates is
mentioned. FIG. 16 is a plan view schematically showing a
display region of the liquid crystal display device in accor-
dance with Embodiment 1.

When misalignment of the photomasks in the exposure
steps for the first and second substrates occurs, as shown in
FIG. 16, the liquid crystal display device 100 in the present
Embodiment has a display region 70 composed of display
regions 43, 44, 45, and 46. The display regions 43 and 44, 44
and 45, 45 and 46, and 46 and 43, are arranged to be adjacent
to each other. The display region 70 also includes joint display
regions 52, 53, 54, and 55. The joint display regions 52 to 55
are interposed between the display regions 43 and 44, 44 and
45,45 and 46, and 46 and 43, respectively. The display region
70 also includes an intersection display region 56 where the
joint display regions 52 to 55 intersect with one another. If
misalignment of the photomasks occurs in the exposure steps
for the first and second substrates, optical characteristics of
pixels are different among the display regions 43 to 46. So the
luminance is generally different among the display regions 43
to 46, in some viewing directions.

In the joint display regions 52 to 55, similarly to the case
mentioned in FIG. 13, two kinds of pixels, arranged in adja-
cent two display regions, are alternately arranged. Accord-
ingly, the joint display regions 52 to 55 have a luminance that
is almost intermediate between of the display regions 43 and
44, 44 and 45, 45 and 46, and 46 and 43, respectively. So, due
to the joint display regions 52 to 55, the luminance does not
suddenly change between display regions 43 and 44, 44 and
45, 45 and 46, and 46 and 43. According to the liquid crystal
display device in the present Embodiment, even if misalign-
ment of the photomasks occurs in the exposure steps for the
first and second substrates, the joint display regions 52 to 55
each having an almost intermediate luminance connect the
corresponding two of the display regions 43 to 46 to each
other, and so the joint line becomes hard to perceive, similarly
to the case mentioned in FIG. 13. In the intersection display
region 56, the four kinds of pixels constituting the display
regions 43 to 46 are mixed in substantially equal ratio.
Accordingly, the intersection display region 56 has an almost
average luminance of luminances of the display regions 43 to
46. So due to the intersection display region 56 having the
almost average luminance, the intersection display region 56
connects the display regions 43 to 46 to one another. Thus,
according to the liquid crystal display device of the present
invention, the intersection display region does not cause
defects, generally.
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Then, the case that misalignment of the photomasks does
not occur in the exposure steps for the first and second sub-
strates is mentioned. Even in this case, for example, differ-
ences in irradiation amount, irradiation angle, and proximity
gap, which is a distance between a mask and a substrate, and
further, a difference in polarization axis and/or in polarization
degree of polarized light when polarized light is irradiated,
might be generated. As shown in FIGS. 13 and 16, the lumi-
nance might be different among the display regions which are
exposed separately, in some viewing directions, but similarly
to the case that the misalignment of photomasks occurs, two
kinds of pixels, arranged in adjacent two display regions are
alternately arranged in each joint display region. Accord-
ingly, evenif differences in exposure conditions except for the
misalignment of the photomasks are generated, the joint line
becomes hard to be perceived.

According to the exposure step in the present Embodiment,
in the mask joint parts 20a and 205, the slits 25 are arranged
in every other pixel (every other set of RGB picture elements),
but may be arranged in every other picture element, as shown
in FIG. 17. FIG. 17 is an enlarged plan view schematically
showing mask joint parts of photomasks in accordance with
another example of Embodiment 1. In this case, the liquid
crystal display device in the present Embodiment includes
adjacent two display regions (hereinafter, also referred to as a
“first display region” and a “second display region”) and a
joint display region interposed between the first and second
display regions. In the first display region, a plurality of first
picture elements are arrayed. In the second display region, a
plurality of second picture elements different from the first
picture elements in at least one of a luminance and a domain
area ratio in each picture element opening are arrayed. In the
joint display region, the first picture element and the second
picture element are arrayed and mixed. More specifically,
according to such a liquid crystal display device in the present
Embodiment, the joint display region has a region where the
first picture element and the second picture element are alter-
nately arrayed.

In the exposure step of the present invention, the number of
the photomasks used is not limited to two, and it may be three
ormore. For example, as shown in FIG. 18, a substrate 18 may
be exposed through six photomasks 21 that are arranged in a
zigzag manner. FIG. 18 is a plan view schematically showing
a liquid crystal display device in an exposure step in accor-
dance with another example of Embodiment 1. In such an
exposure step, the size of the photomask can be decreased,
leading to reduction in production costs on the photomask. If
a mask is small, the mask can be suppressed from sagging
under its own weight and as a result, an alignment treatment
can be performed with higher accuracy. In addition, pattern
accuracy of the mask itself can be improved attributed to the
small size.

Embodiment 2

Aliquid crystal display device in accordance with Embodi-
ment 2 is mentioned. The overlapping contents between the
present Embodiment and Embodiment 1 are omitted and not
shown in drawings because a difference between the two is
just an embodiment of the photomasks used for exposing the
alignment film. Like references designate elements having
identical functions. FIG. 19 is an enlarged plan view sche-
matically showing photomasks in accordance with Embodi-
ment 2. FIG. 20 is an enlarged plan view schematically show-
ing mask joint parts of the photomasks in accordance with
Embodiment 2. FIG. 21 is a graph showing a change in
distribution density of slits in each of the mask joint parts of
the photomasks in accordance with Embodiment 2. In FIG.
20, one pixel is illustrated as the minimum unit because of
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space limitations. However, in fact, the slit is arranged on the
picture element basis. That is, a slit having a width about half
of a picture element pitch is arranged so as to be positioned in
each ofthe RGB picture elements constituting the pixel where
the slit is shown in FIG. 20.

In the mask joint parts of the photomasks 21a and 2154, as
shown in FIGS. 19 and 20, the distribution density of the slits
25 linearly decreases with increasing distance from the mask
center part. More specifically, as shown in Table 1 and FIG.
21, in the mask joint parts of the photomasks 21a and 215, the
number of the slits 25 per block (area corresponding to 10
pixels in the present Embodiment) decreases by one with
increasing distance from the mask center part. The slit 25 is
arranged on three picture elements (a set of RGB picture
elements) basis, in fact. So the number of the slits 25 per block
decreases by three. The block has a constant given area cor-
responding to the constant number of pixels (10 pixels in the
present Embodiment). According to the photomasks 21a and
215, the number of slits is different by one (three, in fact)
between the adjacent two blocks. Thus, in the mask joint parts
in the photomasks 21a and 215, the distribution density of the
slits 25 decreases with increasing distance from the mask
center part. More specifically, it can be also said that in the
mask joint part, the distribution density of the slits 25 pseudo-
linearly decreases with increasing distance from the mask
center part. The block number is given from the mask center
part side. The slits 25 in the mask joint parts of the photo-
masks 21a and 215 are arranged in such a way that the
plurality of transmissive parts in the mask joint part of the
photomask 21a face a pixel group and the plurality of trans-
missive parts in the mask joint part of the photomask 215 face
another pixel group,

the two pixel groups satisfying a mutually complementary
arrangement relationship. As a result, the pixels are not redun-
dantly exposed through the photomasks 21a and 215. Also in
the photomasks 21¢ and 214, the number of the slits per block
(area corresponding to 10 pixels) decreases by one with
increasing distance from the mask center part.

TABLE 1
Block 1121314151678 9
The number of pixels in blockf 10] 101010 |10 {10 ] 10 ] 10 10
'The number of slits in block ol 8l 71 61 51 41 3 2 1

[high}=—Distribution density of slith—{ low |

The exposure step is performed using such photomasks,
and so in the liquid crystal display device in the present
Embodiment, for example, even if misalignment of the pho-
tomasks in the exposure step for the first substrate and/or the
second substrate occurs and as a result, optical characteristics
are different between pixels (hereinafter, also referred to as
“first pixels” and “second pixels”) arranged in adjacent two
display regions, the first pixels and the second pixels are
mixed in the joint display region in such a way that the
distribution densities each of the first and second pixels lin-
early change. Accordingly, due to the joint display region, the
luminance smoothly changes between the first display region
to the second display region, and as a result, the joint line is
not perceived in the joint display region. According to the
liquid crystal display device in the present Embodiment, the
first pixels and the second pixels are mixed in the joint display
region in such a way that the distribution densities each of the
first and second pixels monotonically change.

With reference to Table 2, the arrangement form of the slits
in each block is mentioned in detail. Table 2 shows the case
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where the slits are evenly distributed in each block. In Tables
2 and 3, the arrangement of the slits shows the number of
pixels (shown in the non-shaded cell) corresponding to a
region where the slits are formed and the number of pixels
(shown in the shaded cell) corresponding to a region where
the slits are not formed (light-shielding region). The distance
between slits shows the number of pixels corresponding to the
light-shielding region. The difference in distance between
slits is a difference between two values showing the distance
between slits.

TABLE 2

32

the joint exposure part is 90; the number of picture elements
per pixel is 3; and the number of picture elements in the joint
exposure part is 270, for example, the joint exposure part is
compartmentalized into 15 blocks each corresponding to 16
picture elements, and the number of slits per block decreases
by one, as mentioned above. As a result, the number of the
slits in the joint exposure part can be more smoothly changed,
and so the luminance can more smoothly change between
adjacent two display regions. In this case, the liquid crystal
display device in the present Embodiment has the first display

Block i

The number of pixels in block

Arrangement of slits

Distance between slits

|Difference in distance

hetween slit:

Block

The number of pixels in block

Arrangement of slits

Distance between slits

Difference in distance

0
%

between slit:

As shown in Table 2, if the slits are evenly distributed in
each block, a region where the difference in distance between

region, the second display region, and the joint display region
interposed between the first and second display regions, and

the slits (in Table 2, the cell shown in the bold letter) is two or 30 in the first display region, a plurality of picture elements
more exists in the mask joint part. If such a region exists, the (hereinafter, also referred to as “first picture elements™) are
dlstagce b.etwee.n slits varies and the .dlst.rlbutlon density of arrayed, and in the second display region, a plurality of pic-
the slits discontinuously changes, which is not so preferable ture elements (hereinafter, also referred to as “second picture
In terms of effectlv.ely Suppressing the joint line fr om being . elements™) different from the first picture elements in at least
perceived. Acgor.dmgly, it s prefgrable Fhat the .dlstance one of a luminance and a domain area ratio in each picture
between the slits is appropriately adjusted in the entire mask . e L
. . . element opening are arrayed. In addition, in the joint display
joint part and that the slits 25 are arranged in such a way that ion of the liquid | display device da ith
the difference in distance between adjacent two slits is as region ol the iquy Lery: stal display device 1n accor nce wit
small as possible, specifically 1 or less. As a result, the dis- the present Embodiment, th.e numbers each of the first picture
tribution density of the slits 25 can be more linearly changed, 40 elements and the second picture elements per block change
which can more effectively suppress the joint line from being by one. With reference to the above-mentioned example, 30
perceived. picture elements are residues (270-16x15=30), and regions
TABLE 3
Block 1 2 3 4 5
The number of pixels in block| 10 10 10 10 10
Arrangement of slits ol F alik [al g 23 o E @2l g el ] E e E s ] E 1]
Distance between slits UATN AWV U AL L A 11171
Difference in distance 0 0 0 0 0 0 0 0
between slits 0o 1 o 0 1 0o 11 o U 0o 1 o
Block 6 7 8 9
The number of pixels in block 10 10 10 10
| Arrangement of slits NEINEIREINEIRINEINEINEIRINEIREIEINE
Distance between slits EINZRE 3 1243101 3 4 5 /6
Difference in distance 0 1 1 0 I 1 1
between slits A o 14 1 .~ 1 [ —] 1]

According to the present Embodiment, in order to provide 4, corresponding to these 30 picture elements may be appropri-

a liquid crystal display device showing well-balanced lumi-
nance among picture elements in a pixel and excellent color
reproducibility, in the mask joint parts of the photomasks 21a
and 215, the distribution density of the slits linearly changes
on a pixel (RGB picture elements) basis. However, in the
present invention, a distribution density of slits may linearly
change on a picture element basis. If the number of pixels in
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ately distributed within and/or without the mask joint part as
mentioned below.
Embodiment 3

Aliquid crystal display device in accordance with Embodi-
ment 3 is mentioned below. The overlapping contents
between the present Embodiment and Embodiments 1 and 2
are omitted and not shown in drawings because a difference
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between the two is just an embodiment of the photomasks
used for exposing the alignment film. Like references desig-
nate elements having identical functions. FIG. 22 is an
enlarged plan view schematically showing mask joint parts of
photomasks in accordance with Embodiment 3. FIG. 23 is a
graph showing a change in distribution density of slits in the
mask joint parts of the photomasks in accordance with
Embodiment 3. In FIG. 22, one pixel is illustrated as the
minimum unit because of space limitations. However, in fact,
the slit is arranged on the picture element basis. That is, a slit
having a width about half of a picture element pitch is
arranged so as to be positioned in each of the RGB picture
elements constituting the pixel where the slit is shown in FIG.
22.

As shown in FIG. 22, according to each of the photomasks
21a and 215 in the present Embodiment, the mask joint part is
positioned in a region corresponding to 98 pixels. In this case,
the slits 25 in 9 blocks on the center side of the mask joint part
are arranged in such a way that their distribution density
linearly decreases, similarly to Embodiment 2. A region cor-
responding to the residual eight pixels is divided in two and
each region corresponding residual four pixels is arranged at
each end of the mask joint part. More specifically, as shown in
Table 4 and FIGS. 22 and 23, in the region corresponding to
the residual 4 pixels arranged at the end on the mask center
side of the mask joint part, the slits 25 are arranged so as to be
positioned in every pixel, that is, in a distribution density of
100%. In the region corresponding to the residual 4 pixels
arranged at the end on the other side of the mask joint part, no
slits 25 are arranged. Thus, the region corresponding to the
residual 4 pixels on the mask center part side have the same
slit arrangement form as in the mask center part, and the
region corresponding to the residual 4 pixels on the other side
is a light-shielding region. Accordingly, the photomasks
shown in FIGS. 22 and 23 have substantially the same
embodiment as that of the photomasks in Embodiment 2. The
region corresponding to the residual 4 pixels on the mask
center part side can be said to belong to the mask center part.
In the photomasks 21¢ and 21d as well as the photomasks 21a
and 215, the slits are arranged in such a way that the region
corresponding to the residual pixels is positioned at each end
of the mask joint part.
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ing a change in distribution density of slits in each of the mask
joint parts of the photomasks in accordance with another
example of Embodiment 3. FIG. 25(a) is one photomask.
FIG. 25(b) shows the other photomask. In FIG. 24, one pixel
is illustrated as the minimum unit because of space limita-
tions. However, in fact, the slit is arranged on the picture
element basis. That is, a slit having a width about half of a
picture element pitch is arranged so as to be positioned in each
of'the RGB picture elements constituting the pixel where the
slit is shown in FIG. 24.

According to the photomasks 21a and 216 (and/or the
photomasks 21¢ and 21d) in the present Embodiment, as
shown in FIG. 24, a region corresponding to the residual 8
pixels may be positioned at only one end of the mask joint
part. More specifically, as shown in Table 5 and FIG. 25(a),
the slits 25 in 9 blocks on the center side of the mask joint part
are arranged in such a way that their distribution density
linearly decreases, similarly to Embodiment 2, and in the
region corresponding to the residual 8 pixels on the other side
of the mask joint part, no slits 25 may not be arranged.
According to the photomask 215, as shown in Table 6 and
FIG. 25(b), the slits 25 in 9 blocks on the side opposite to the
mask center side of the mask joint part are arranged in such a
way that their distribution density linearly decreases, simi-
larly to Embodiment 2, and in the region corresponding to the
residual 8 pixels on the mask center side of the mask joint
part, the slits 25 are arranged so as to be positioned in every
pixel, that is, in a distribution density of 100%. Thus, the
photomask 21a may have the region corresponding to the
residual pixels, i.e., a light-shielding region, on the side oppo-
site to the mask center part of the mask joint part, and the
photomask 215 may have the region where the slits are
formed in the same distribution density as that of the slits in
the mask center part on the mask center part side of the mask
joint part. Accordingly, the photomasks shown in FIGS. 24
and 25 have substantially the same embodiment as in the
photomasks in Embodiment 2, similarly to the photomasks
FIGS. 22 and 23. The region corresponding to the residual
pixels on the mask center part side of the mask joint part can
be said to belong to the mask center part.

TABLE 4
Block Remainder| 1 [2 |3 |14 1516 ] 7] 8]9 | Remaindey
The number of pixels in block 4 10 [10 |10 |10 {10 |10 f10]10(10 4
The number of slits in block 4 98 [7]16[5]14]3]2]1 0

high

g | Distribution density of slit

FIG. 24 is an enlarged plan view schematically showing the
mask joint parts of the photomasks in accordance with
another example of Embodiment 3. FIG. 25 is a graph show-
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TABLE 5
Block 1121314 5 6 7 8 | 9 | Remainder
The number of pixels in block | 10 [10]10 | 10 [ 10 [ 10 [ 10 ] 10 ] 10 8
The number of slits in block o1l 81 71 6 5 4 3 21 1 0

Distribution density of slitl
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TABLE 6
Block Remainder [ 1 | 2 | 3 41516 819
The number of pixels in block 8 10 |10 f10 ] 10 10| 10| 10]10f10
The number of slits in block 8 o187 61514 211

[high |«——{Distribution density of slit |—=] low |

According to Embodiment 3, even if the mask joint part has
the region corresponding to residual pixels, the joint line can
be effectively suppressed from being perceived in the liquid
crystal display device in accordance with the present Embodi-
ment, similarly to Embodiment 2.

Embodiment 4

Aliquid crystal display device in accordance with Embodi-
ment 4 is mentioned. The overlapping contents between the
present Embodiment and Embodiments 1 to 3 are omitted and
not shown in drawings because a difference between the two
is just an embodiment of the photomasks used for exposing
the alignment film. Like references designate elements hav-
ing identical functions. FIG. 26 is a plan view schematically
showing mask joint parts of photomasks in accordance with
Embodiment 4. FIG. 27 is a graph showing a change in
distribution density of slits in the mask joint parts of the
photomasks in accordance with Embodiment 4. In FIG. 26,
one pixel is illustrated as the minimum unit because of space
limitations. However, in fact, the slit is arranged on the picture
element basis. That is, a slit having a width about half of a
picture element pitch is arranged so as to be positioned in each
of'the RGB picture elements constituting the pixel where the
slit is shown in FIG. 26.

According to the photomasks 21a and 215 in the present
Embodiment, as shown in FIG. 26, the mask joint part is
positioned in a region corresponding to 98 pixels. In this case,
in the first to fifth blocks and the sixth to ninth blocks each at
the end of the mask joint part, the slits 25 are arranged in such
a way that their distribution density linearly decreases, simi-
larly to Embodiment 2. A region corresponding residual 8
pixels is arranged in substantially the center of the mask joint
part. More specifically, as shown in Table 7 and FIG. 27, the
slits 25 in substantially the center of the mask joint part
(between the fifth block and the sixth block) are arranged in
every other pixel region, that is, in a distribution density of
50%. Also in the photomasks 21c¢ and 214 as well as the
photomasks 21a and 215, the slits are arranged in such a way
that the region corresponding to the residual pixels is
arranged in substantially the center of the mask joint part.
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in the joint display region in such a way that the distribution
densities each of the first and second pixels substantially
linearly change. More specifically, the liquid crystal display
device in the present Embodiment has a region where the first
pixels and the second pixels are alternately arrayed in sub-
stantially the center of the region (joint display region) where
the numbers each of the first pixels and the second pixels per
block change by one. Accordingly, the luminance can
smoothly change between the first and second display
regions, and as a result, the joint line is not perceived in the
joint display region.

FIG. 28 is an enlarged plan view schematically showing
mask joint parts of photomasks in accordance with another
example of Embodiment 4. FIG. 29 is a graph showing a
change in distribution density of slits in the mask joint parts of
the photomasks in accordance with another example of
Embodiment 4. FIG. 29(a) shows one photomask. FIG. 29(5)
shows the other photomask. In F1G. 28, one pixel is illustrated
as the minimum unit because of space limitations. However,
in fact, the slit is arranged on the picture element basis. That
is, a slit having a width about half of a picture element pitch is
arranged so as to be positioned in each of the RGB picture
elements constituting the pixel where the slit is shown in FIG.
28.

According to the photomasks 21a and 215 in the present
Embodiment, as shown in FIG. 28, a region corresponding to
the residual pixels may not be arranged in the center of the
mask joint part as long as it is positioned within the mask joint
part. More specifically, the photomask 21a may have a region
corresponding to the residual 8 pixels between the second
block and the third block, as shown in Table 8 and FIG. 29(a),
and the photomask 215 may have a region corresponding to
the residual 8 pixels between the seventh block and the eighth
block, as shown in Table 9 and FIG. 29(5). In this case, in the
region corresponding to the residual 8 pixels of the photo-
mask 21a, the slits 25 are arranged in a distribution density of
75% that is between distribution densities of the slits 25 in
two blocks adjacent to the region (the second and third
blocks). Further, in the region corresponding to the residual 8

TABLE 7
lock 1 2 314 5 | Remainder § 6 7 &8[9
[The number of pixels in block | 10 | 10 | 10 [ 10 | 10 8 10| 10| 10| 10
[The number of slits in block 9 8 716 5 4 4 3 211

<—lDistribution density of slit|—>

Thus, regardless of whether the number of blocks is an
even number or an odd number, the region corresponding to
the residual pixels where the slits are arranged in a distribu-
tion density of 50% is arranged in substantially the center of
the mask joint part, and thereby the distribution density of the
slits can smoothly change between the two regions where the
distribution density ofthe slits linearly changes. Accordingly,
in the liquid crystal display device in the present Embodi-
ment, both of the first pixels and the second pixels are mixed

pixels of the photomask 215, the slits 25 are arranged in a
distribution density of 25% that is between distribution den-
sities of the slits 25 in two blocks adjacent to the region (the
seventh and eighth blocks). Thus, according to each of the
photomasks 21a and 214, the region where the slits 25 are
arranged in a distribution density that is between distribution
densities of the slits 25 in two blocks adjacent to the region is
arranged between the regions where the number of slits 25 per
block decreases by one with increasing distance from the
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mask center part. In the photomask 21¢ as well as the photo-
mask 21a, the region corresponding to residual pixels may be
arranged between the second block and the third block. In the
photomask 21d as well as the photomask 215, the region
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ing identical functions. FIG. 30 is an enlarged plan view
schematically showing mask joint parts of photomasks in
accordance with Embodiment 5. FIG. 31 is a graph showing
a change in distribution density of slits in the mask joint parts

corresponding to residual pixels may be arranged betweenthe s of the photomasks in accordance with Embodiment 5. FIG.
seventh block and the eighth block. 31(a) shows one photomask. FIG. 31(b) shows the other
TABLE 8
Block | { 2|/Remainder]| 3 |4 | 516 ] 7]8]9
'The number of pixels in block| 10 | 10 8 10110 J10f10] 10]10 (10
The number of slits in block 7161514 31211

ol3 6
[high}«—Distribution density of slit—=[low ]

TABLE 9
Block 1 [ 2131415 16]7 (Remainder| 819
The number of pixels in block |10 | 10|10 J10 [ 10[10]10 8 10{10
The number of slits in block 61 5143 2 211

91 817
[high}«——|Distribution density of slif—{low]

Even in such an embodiment, due to the slits that are
arranged in the region corresponding to the residual pixels,
the distribution density of the slits can change smoothly
between the two regions where the distribution of the slits
linearly changes. Accordingly, according to liquid crystal
display device produced using the photomasks in accordance
with this Embodiment, in the joint display region, the first and
second pixels are mixed in such a way that the distribution
densities each of the first and second pixels substantially
linearly change. More specifically, the liquid crystal display
device produced using the photomasks in this embodiment
has, between the regions (the joint display regions) where the
numbers each of the first and second pixels per block change
by one (within the joint display region), a region where the
first and second pixels are arrayed in such a way that the
distribution density of the first pixels is between distribution
densities of the first pixels in two blocks adjacent to the
region. Also in the present Embodiment as well as Embodi-
ments 2 and 3, the joint line can be effectively suppressed
from being perceived.

Embodiment 5

Aliquid crystal display device in accordance with Embodi-
ment 5 is mentioned. The overlapping contents between the
present Embodiment and Embodiments 1 to 4 are omitted and
not shown in drawings because a difference between the two
is just an embodiment of the photomasks used for exposing
the alignment film. Like references designate elements hav-
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photomask. In FIG. 30, one pixel is illustrated as the mini-
mum unit because of space limitations. However, in fact, the
slit is arranged on the picture element basis. That is, a slit
having a width about half of a picture element pitch is
arranged so as to be positioned in each of the RGB picture
elements constituting the pixel where the slit is shown in FIG.
30.

As shown in FIG. 30, according to the photomasks 21a and
215 in the present Embodiment, the mask joint part is posi-
tioned in a region corresponding to 98 pixels. In each block
corresponding to 10 pixels, the slits 25 are arranged in such a
way that their distribution density linearly decreases, simi-
larly to Embodiment 2. Further, a region corresponding to
residual 8 pixels is divided into 8 regions and the 8 regions are
evenly distributed in the mask joint part. More specifically,
according to the photomask 21a, for example, each region
corresponding to one residual pixel is arranged between
blocks, and such a region is a light-shielding region, as shown
in Table 10 and FIG. 31(a). Further, according to the photo-
mask 215, for example, each region corresponding to one
residual pixel is arranged between blocks, and in such a
region, the slits 25 are arranged as shown in Table 11 and FIG.
31(b). Also in the photomasks 21¢ and 21d as well as the
photomasks 21a and 215, the slits are arranged in such a way
that the region corresponding to residual pixels is divided into
some regions and the regions are evenly distributed in the
mask joint part.

TABLE 10
Block | |Remainder| 2 | Remainder|3 [Remainder| 4 | Remainder| 5 | Remainder
The number of pixels in block| 10 1 10 1 10 1 10 1 10 1
The number of slits in block 9 0 8 0 7 0 6 0 5 0

[igh

IDistribution density of slitl

Block 6 | Remainder| 7 |[Remainder| 8 |Remainder| 9
The number of pixels in block| 10 1 10 1 10 1 10
The number of slits in block 4 0 3 0 2 0 1
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TABLE 11

40

Block | [Remainder| 3

2 | Remainder

Remainder

4 | Remainder Remainder

0 1 10 1 10 |

The number of pixels in block| |

10 1 10 1

The number of slits in block 9 1 8 1 7 1

6 1 5 1

high

[Distribution density of slit}

Block Remainder|

7

Remainder| 8 |Remainder| 9

<

The number of pixels in block 1

| 10 l 10

The number of slits in block 4 1

| 2 1 1

low |

Thus, according to Embodiment 5, even if the mask joint
part has the region corresponding to the residual pixels, the
distribution density of the slits can substantially linearly
change in the mask joint part. Accordingly, in the liquid
crystal display device in the present Embodiment, the first
and second pixels are mixed in such a way that the distribution
densities each of the first and second pixels substantially
linearly change in the joint display region. More specifically,
according to the liquid crystal display device in the present
Embodiment, the second pixels are substantially evenly dis-
tributed in the region (joint display region) where the number
of'the plurality of first pixels per block and the number of the
plurality of second pixels per block each change by one.
Accordingly, also in the liquid crystal display device in
Embodiment 5 as well as those in Embodiments 2 and the
like, the joint line can be effectively suppressed from being
perceived.

As shown in FIGS. 30 and 31, in the photomask 21a, no
slits are arranged in the region corresponding to the residual
pixel, and in the photomasks 215, the slits are arranged in
such a region. However, according to the present Embodi-
ment, the region corresponding to the residual pixel where the
slits are arranged is not necessarily included only in the pho-
tomask 215. Every region corresponding to the residual pixel
may be appropriately arranged between the blocks in either of
the photomask 21a or 215. Thus, according to the photomasks
21a and 215, the plurality of slits (8 or less slits in the present
Embodiment) may be substantially evenly distributed in the
region where the number of the slits 25 per block decreases by
one with increasing distance from the mask center part. In
addition, in the liquid crystal display device in the present
Embodiment, the first or second pixels may be substantially
evenly distributed in the region (the joint display region)
where the numbers each of the first and second pixels per
block change by one. It should be understand that the photo-
masks 21c and 21d also may have this embodiment.

As mentioned in Embodiments 2 to 5, in the present inven-
tion, it is preferable that the number of pixels that are posi-
tioned in the mask joint part, the number of blocks, and the
number of pixels in each block, are determined in such a way
that the relationship of (the number of pixels that are posi-
tioned in the mask joint part) is not larger than (the number of
blocks xthe number of pixels in each block) is satisfied. If (the
number of pixels that are positioned in the mask joint part) is
equal to (the number of the blocksxthe number of pixels in
each block), all of the pixels that are positioned in the mask
joint part can be allocated to blocks without residual pixels. If
(the number of pixels that are positioned in the mask joint
part) is smaller than (the number of blocksxthe number of
pixels in the block), not every pixel that is positioned in the
mask joint part can be allocated to blocks having the same
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area, and residual pixels exist. However, the region corre-
sponding to the residual pixel can be arranged within and/or
without the mask joint part as mentioned in Embodiment 3 to
5.

The area of the mask joint part can be increased in Embodi-
ments 4 where the region corresponding to the residual pixels
is arranged in a region except for the ends of the mask joint
partand Embodiment 5 where the region corresponding to the
residual pixels is divided into some regions and the regions
are distributed in the mask joint part. That is, according to
these Embodiments, the distribution density of the slits can be
changed over a wider range. Accordingly, the luminance can
more smoothly change between the adjacent two display
regions. Thus, according to Embodiments 3 to 5 where the
region corresponding to the residual pixels are arranged
within and/or without the mask joint part, Embodiments 4 and
5 are prefer to Embodiment 3 where the region corresponding
to the residual pixels is arranged at one or both ends of the
mask joint part, in view of more effectively suppress genera-
tion of the joint line.

In the present invention, it is preferable that the number of
blocks and the number of pixels in each block are determined
in such a way that a relationship of (the number of pixels in
each block)=(the number of blocks)+1 is satisfied. As a result,
the number of slits can be changed by one between adjacent
two blocks, as mentioned in Embodiments 2 to 5. Accord-
ingly, the luminance can more smoothly change between the
adjacent two display regions.

Embodiment 6

A liquid crystal display device in accordance with Embodi-
ment 6 is mentioned. The overlapping contents between the
present Embodiment and Embodiments 1 to 5 are omitted and
not shown in drawings because a difference between the two
is just an embodiment of the photomasks used for exposing
the alignment film. Like references designate elements hav-
ing identical functions. FIG. 32 is an enlarged plan view
schematically showing mask joint parts of photomasks in
accordance with Embodiment 6. In FIG. 32, one pixel is
illustrated as the minimum unit because of space limitations.
However, in fact, the slit is arranged on the picture element
basis. That is, a slit having a width about half of a picture
element pitch is arranged so as to be positioned in each of the
RGB picture elements constituting the pixel where the slit is
shown in FIG. 32.

As shown in FIG. 32, according to the photomasks 21a and
215 in the present Embodiment, the mask joint part is posi-
tioned in a region corresponding to 35 pixels. In this case, the
slits 25 in 5 blocks of the mask joint part are arranged in such
a way that their distribution density linearly decreases, simi-
larly to Embodiment 2. More specifically, as shown in Table
12, according to the photomasks 21a and 215, the number of
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the slits 25 per block (area corresponding to 6 pixels in the
present Embodiment) decreases by one with increasing dis-
tance from the mask center part. The arrangement form of the
slits in the mask joint part is left-right reversed between the
photomask 21a and the photomask 215, as shown in FIG. 32.
That is, the pattern of the slits 25 in the mask joint parts is
substantially the same between the photomasks 21a and 215.
A pixel group in a region where the slits are arranged and a
pixel group in a region where no slits are arranged (light-
shielding region) in the mask joint part are arranged sym-
metrically with respect to the center line of the mask joint part
(the center line in the third block in the present Embodiment).
Inaddition, also in the photomasks 21¢ and 21d as well as the
photomasks 21a and 215, the slits are arranged in such a way
that the slits are arranged symmetrically with respect to the
center line of the mask joint part.

TABLE 12

Block 121314715
The number of pixels inblock| 6 | 6 | 6 | 6 | 6
The number of slitsinblock | 514 ] 3] 21

- Distribution
high density of slit

As a result, similarly to the above-mentioned Embodi-
ments, according to the liquid crystal display device in the
present Embodiment, the joint line can be effectively sup-
pressed from being perceived. According to the liquid crystal
display device in the present Embodiment, the first pixels and
the second pixels in the joint display region are arranged
symmetrically with respect to the center line of the joint
display region.

Embodiment 7

Aliquid crystal display device in accordance with Embodi-
ment 7 is mentioned. The overlapping contents between the
present Embodiment and Embodiments 1 to 6 are omitted and
not shown in drawings because a difference between the two
is just an embodiment of the photomasks used for exposing
the alignment film. Like references designate elements hav-
ing identical functions. FIGS. 33(a) to (¢) are plan views each
schematically showing a first substrate in an exposure step in
accordance with Embodiment 7.

According to the present Embodiment, the alignment film
is exposed by shot exposure. More specifically, similarly to
Embodiment 1, a photomask 21a having a mask center part
194 and a mask joint part 20a and a photomask 215 having a
mask center part 195 and a mask joint part 205 are used. In the
photomasks 21a and 215, a plurality of slits extending in the
y-axis direction are arranged in the x-axis direction. The
photomasks 21a and 215 each have an area slightly large than
half of the first substrate 1.

Then, an alignment marker (not shown) that is on the first
substrate 1 is scanned, and the photomask 21a and the first
substrate 1 are arranged at a desired position. With the pho-
tomask 21a and the first substrate 1 being fixed, the alignment
film that is arranged on the first substrate 1 surface can be
exposed by one shot from a direction oblique to the surface of
the first substrate 1 (the 1st shot) through the photomask 21a.
Then, the first substrate 1 is horizontally moved by substan-
tially half of a picture element pitch in the x-axis direction, in
such a way that each slit in the photomask 21a is positioned in
an unexposed region of each pixel. Then, the alignment film
is exposed by one shot (2nd shot) in the opposite direction at
substantially the same incident angle as that in the 1st shot. As
aresult, each pixel (each picture element) in substantially half
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region on the left side in the first substrate 1, specifically, each
picture element that overlaps with the mask center part 19a
and some picture elements that overlap with a part of the mask
joint part 20a are each divided into two domains where align-
ment directions are parallel and opposite to each other, like
the picture elements shown in FIG. 2(a).

As shown in FIG. 33(b), a substantially half region on the
right side of each pixel in the first substrate 1 is subjected to
shot exposure twice through the photomask 215, similarly to
the exposure using the photomask 21a. Thus, also in the
present Embodiment, as shown in FIG. 33(c), the first sub-
strate 1 includes: an exposure region 22, which is exposed
through the mask center part 19a of the photomask 21a; an
exposure region 23, which is exposed through the mask center
part 195 of the photomask 215; and a joint exposure part 24,
which is exposed through the mask joint parts 20a and 205 of
the photomasks 21a and 21b. According to the present
Embodiment, the second substrate is subjected to the shot
exposure in the same manner as in the first substrate.

According to the present Embodiment, in the mask joint
parts of the photomasks, each being positioned in the joint
exposure part, the distribution density of the slits is appropri-
ately decreased, similarly to Embodiments 1 to 6. Also in the
present Embodiment where the shot exposure is employed as
well as in Embodiments 1 to 6 where the scan exposure is
employed, the display qualities and the yield of the liquid
crystal display device can be improved.

As mentioned above, the present invention is mentioned in
detail with reference to Embodiments 1 to 7. Within the scope
of the invention, the above-mentioned Embodiments may be
appropriately combined.

The present application claims priority to Patent Applica-
tion No. 2007-54793 filed in Japan on Mar. 5, 2007 under the
Paris Convention and provisions of national law in a desig-
nated State, the entire contents of which are hereby incorpo-
rated by reference.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a cross-sectional view schematically showing the
configuration of the liquid crystal display device in accor-
dance with Embodiment 1.

FIG. 2 is a plan view schematically showing a direction of
photo-irradiation to the vertical alignment film in each picture
element in the liquid crystal display device in accordance
with Embodiment 1. FIG. 2(a) shows the first substrate. FIG.
2(b) shows the second substrate.

FIG. 3 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
device in accordance with Embodiment 1.

FIG. 4(a) is a plan view schematically showing the first
substrate (TFT array substrate) in accordance with Embodi-
ment 1. FIG. 4(b) is a plan view schematically showing the
second substrate (CF substrate) in accordance with Embodi-
ment 1.

FIGS. 5(a) to 5(e) are plan views each schematically show-
ing the first substrate in the exposure step in accordance with
Embodiment 1.

FIG. 6 is a cross-sectional view schematically showing the
first substrate in the exposure step in accordance with
Embodiment 1 and showing an embodiment of photo-irradia-
tion to the first substrate.
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FIGS. 7(a) to 7(e) are plan views schematically showing
the second substrate in the exposure step in accordance with
Embodiment 1.

FIG. 8 is an enlarged plan view schematically showing the
photomasks in accordance with Embodiment 1.

FIG. 9 is an enlarged plan view schematically showing the
mask joint parts of the photomasks in accordance with
Embodiment 1.

FIG. 10 is a graph showing a change in distribution density
of the slits in each of the mask joint parts of the photomasks
in accordance with Embodiment 1.

FIG. 11 is an enlarged plan view schematically showing
mask joint parts of other photomasks in accordance with
Embodiment 1.

FIG. 12 is a plan view schematically showing the first and
second substrates attached to each other in accordance with
Embodiment 1.

FIG. 13 is a plan view schematically showing the display
region of the liquid crystal display device in accordance with
Embodiment 1.

FIG. 14 is an enlarged plan view schematically showing a
pixel array in the display region of the liquid crystal display
device shown in FIG. 13.

FIG. 14(a) shows a pixel array in the first display region.

FIG. 14(b) shows a pixel array in the joint display region.

FIG. 14(c) shows a pixel array in the second display region
adjacent to the first display region.

FIG. 15 is a plan view schematically showing picture ele-
ments in the first and second display regions in the liquid
crystal display device shown in FIG. 13.

FIG. 15(a) shows picture elements in the first display
region. FIG. 15(6) shows picture elements in the second dis-
play region.

FIG. 16 is a plan view schematically showing the display
region of the liquid crystal display device in accordance with
another example of Embodiment 1.

FIG. 17 is an enlarged plan view schematically showing
mask joint parts of photomasks in accordance with another
example of Embodiment 1.

FIG. 18 is a plan view schematically showing a liquid
crystal display device in an exposure step in accordance with
another example of Embodiment 1.

FIG.19is an enlarged plan view schematically showing the
photomasks in accordance with Embodiment 2.

FIG. 20is an enlarged plan view schematically showing the
mask joint parts of the photomasks in accordance with
Embodiment 2.

FIG. 21 is a graph showing a change in distribution density
of slits in each of the mask joint parts of the photomasks in
accordance with Embodiment 2.

FIG. 22 is an enlarged plan view schematically showing the
mask joint parts of the photomasks in accordance with
Embodiment 3.

FIG. 23 is a graph showing a change in distribution density
of slits in the mask joint parts of the photomasks in accor-
dance with Embodiment 3.

FIG. 24 is an enlarged plan view schematically showing the
mask joint parts of the photomasks in accordance with
another example of Embodiment 3.

FIG. 25 is a graph showing a change in distribution density
of slits in each of the mask joint parts of the photomasks in
accordance with another example of Embodiment 3.

FIG. 25(a) is one photomask.

FIG. 25(b) shows the other photomask.

FIG. 26 is a plan view schematically showing the mask
joint parts of the photomasks in accordance with Embodi-
ment 4.
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FIG. 27 is a graph showing a change in distribution density
of slits in the mask joint parts of the photomasks in accor-
dance with Embodiment 4.

FIG. 28 is an enlarged plan view schematically showing the
mask joint parts of the photomasks in accordance with
another example of Embodiment 4.

FIG. 29 is a graph showing a change in distribution density
of slits in the mask joint parts of the photomasks in accor-
dance with another example of Embodiment 4.

FIG. 29(a) shows one photomask.

FIG. 29(b) shows the other photomask.

FIG. 30 is an enlarged plan view schematically showing the
mask joint parts of the photomasks in accordance with
Embodiment 5.

FIG. 31 is a graph showing a change in distribution density
of slits in the mask joint parts of the photomasks in accor-
dance with Embodiment 5.

FIG. 31(a) shows one photomask.

FIG. 31(b) shows the other photomask.

FIG. 32 is an enlarged plan view schematically showing the
mask joint parts of the photomasks in accordance with
Embodiment 6.

FIGS. 33(a) to (¢) are plan views each schematically show-
ing the first substrate in an exposure step in accordance with
Embodiment 7.

EXPLANATION OF NUMERALS AND
SYMBOLS

1: First substrate

1: Second substrate

3: Liquid crystal layer

3a, 3b: Liquid crystal molecule

4a, 4b: Transparent electrode

5a, 5b: Vertical alignment film

6a, 6b: Polarization plate

Ta, 7b: Retarder

8, 63, 64: Picture element

9: Scanning signal line

10: Data signal line

11: TFT

12: Pixel electrode

: Black matrix (BM)

: Color filter

: Light beam (polarized UV ray)

: Proximity gap

: Pretilt angle

: Substrate

19a, 195, 19¢, 19d: Mask center part
20a, 205, 20¢, 204: Mask joint part
21, 21a, 215, 21c, 21d: Photomask
22, 23, 32, 33: Exposure region

24, 34: Joint exposure part

25: Slit

264, 265: Insulating substrate

41, 42, 43, 44, 45, 46: Display region
51, 52,53, 54, 55: Joint display region
56: Intersection display region

61, 62: Pixel

70: Display region

100: Liquid crystal display device

P: Direction of polarization axis of polarization plate 6a
Q: Direction of polarization axis of polarization plate 65
A, B: Direction

R: Red colored layer

G: Blue colored layer

B: Green colored layer
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D1, D2, D3, D4: Domain
The invention claimed is:
1. 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 sub-
strates;

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 regions different in align-
ment direction,

the production method comprising

an exposure step of exposing a part of the alignment film
using a photomask having a mask center part and a mask
joint part,

the mask center part having a plurality of transmissive parts
formed within a light-shielding region,

the mask joint part having a region where a plurality of
transmissive parts are formed within a light-shielding
region in a distribution density lower than a distribution
density of the plurality of transmissive parts in the mask
center part.

2. The production method according to claim 1,

wherein the exposure step includes a step of exposing the
alignment film as follows:

aplane ofthe alignment film is compartmentalized into two
or more exposure regions and a joint exposure part inter-
posed between adjacent two exposure regions of the two
or more exposure regions,

the alignment film in one of the adjacent two exposure
regions is exposed through the mask center part, and

the alignment film in the joint exposure part is exposed
through the mask joint part.

3. The production method according to claim 2,

wherein the exposure step includes a step of exposing the
alignment film using a plurality of the photomasks,

the alignment film in a first exposure region of the adjacent
two exposure regions and in the joint exposure region is
exposed through a first photomask of the plurality of the
photomasks,

the alignment film in a second exposure region of the
adjacent two exposure regions and in the joint exposure
region is exposed through a second photomask of the
plurality of the photomasks,

the plurality of transmissive parts are formed in the mask
joint parts in the first and second photomasks in such a
way that the plurality of transmissive parts in the mask
joint part of the first photomask face a pixel group and
the plurality of transmissive parts in the mask joint part
of the second photomask face another pixel group,

the two pixel groups satisfying a mutually complementary
arrangement relationship.

4. The production method according to claim 1,

wherein the distribution density of the plurality of trans-
missive parts in the mask joint part is half of the distri-
bution density of the plurality of transmissive parts in the
mask center part.

5. The production method according to claim 1,

wherein the mask joint part has a region where the distri-
bution density of the plurality of transmissive parts
decreases with increasing distance from the mask center
part.

6. The production method according to claim 5,

wherein the mask joint part has a region where the distri-
bution density of the plurality of transmissive parts lin-
early decreases with increasing distance from the mask
center part.
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7. The production method according to claim 6,

wherein the mask joint part has a region where the number
of the plurality of transmissive parts per given area
decreases by one with increasing distance from the mask
center part.

8. The production method according to claim 7,

wherein in the mask joint part, the number of the plurality
of transmissive parts per given area decreases by one
with increasing distance from the mask center part.

9. The production method according to claim 7,

wherein the plurality of transmissive parts are evenly dis-
tributed in the region where the number of the plurality
of transmissive parts per given area decreases by one
with increasing distance from the mask center part.

10. The production method according to claim 7,

wherein the photomask has, in the center of the region
where the number of the plurality of transmissive parts
per given area decreases by one with increasing distance
from the mask center part, a region where the plurality of
transmissive parts are formed in a distribution density
half of the distribution density of the plurality of trans-
missive parts in the mask center part.

11. The production method according to claim 7,

wherein the photomask has, in the region where the num-
ber of the plurality of transmissive parts per given area
decreases by one with increasing distance from the mask
center part, an additional region where the plurality of
transmissive parts are formed in a distribution density
that is between distribution densities of the plurality of
transmissive parts in two given areas adjacent to the
additional region.

12. The production method according to claim 1,

wherein in the mask joint part,

the plurality of transmissive parts and the light-shielding
region are arranged

in such a way that the plurality of transmissive parts face a
pixel group and the light-shielding region faces another
pixel group,

the two pixel groups being arranged symmetrically with
respect to a center line of the mask joint part.

13. The production method according to claim 1,

wherein in the exposure step, the alignment film is exposed
by moving at least one of the substrate and a light source.

14. The production method according to claim 1,

wherein in the exposure step, the alignment film is
exposed, with the substrate and a light source being
fixed.

15. The production method according to claim 1,

wherein the liquid crystal display device includes a plural-
ity 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 oppo-
site to the alignment direction in the other region.

16. The production method according to claim 15,

wherein 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
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in each substrate, liquid crystal molecules near a surface of
the alignment film in each pixel are aligned in two par-
allel 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 sub-
strates is perpendicular to an alignment direction of liq-
uid crystal molecules near a surface of the alignment
film on the other substrate when the pair of substrates are
viewed in plane.

17. The production method according to claim 16,

wherein the liquid crystal layer includes liquid crystal mol-
ecules with negative dielectric anisotropy, and

10

48

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.

18. The production method according to claim 16,

wherein the liquid crystal layer includes liquid crystal mol-
ecules 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.

19. A liquid crystal display device produced by the produc-

tion method according to claim 1.

#* * # ok %
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