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(7) ABSTRACT

The present invention provides a production method of a
liquid crystal display device, and an exposure device, which
can inhibit the deterioration of display quality even when the
aligning treatment of an alignment layer is performed using
an optical alignment method. The present invention pertains
to a production method of a liquid crystal display device in
which an alignment layer is provided on a substrate and two
or more domains are formed in each pixel of a display region
by exposing the alignment layer, wherein the production
method includes the exposure step of exposing the alignment
layer through a photo mask in which a plurality of light-
transmitting areas are located in a stripe pattern, and wherein
the exposure step is a step of exposing the alignment layer
continuously while the relative position of the photo mask
with respect to the substrate is moved at the time of viewing
asubstrate surface from the front in substantially parallel with
the light-transmitting area.

6 Claims, 6 Drawing Sheets
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PRODUCTION METHOD FOR LIQUID
CRYSTAL DISPLAY DEVICE AND
EXPOSURE DEVICE INCLUDING

EXPOSURE OF ALIGNMENT LAYERS

This application is the U.S. national phase of International
Application No. PCT/IP2007/058099, filed 12 Apr. 2007,
which designated the U.S. and claims priority to Japan Appli-
cation No. 2006-124426, filed 27 Apr. 2006, the entire con-
tents of each of which are hereby incorporated by reference.

TECHNICAL FIELD

The present invention relates to a production method of a
liquid crystal display device and an exposure device. More
specifically, the present invention relates to a production
method of a matrix type liquid crystal display device which
can realize a wide viewing angle by forming two or more
domains in a pixel and an exposure device suitable for expos-
ing alignment layers of such liquid crystal display devices.

BACKGROUND ART

The liquid crystal display device is widely used in televi-
sion set, monitor for personal computer and the like because
it is a display device of low power consumption and can be
lightened and realize a low-profile device. However, the lig-
uid crystal display device has an angle dependency of light
transmittance since the polarization of light is usually con-
trolled by a tilt angle of a liquid crystal molecule depending
on an applied voltage. Consequently, in some directions of
viewing angle, deterioration of a contrast ratio or a gray scale
inversion at the time of gradation display occurs. Therefore,
there was a room for contrivance in that the liquid crystal
display device is generally insufficient for a viewing angle
characteristic.

Technology of a domain division, in which a pixel is
divided into two or more regions as well as alignment and tilt
directions of liquid crystal molecules vary from region to
region in the pixel, is developed. Thereby, since liquid crystal
molecules are tilted in different directions in the pixel through
an application of a voltage to a liquid crystal layer, it becomes
possible to improve the viewing angle characteristic of the
liquid crystal display device. Each region, in which alignment
and tilt directions of liquid crystal molecules are different
from each other, is also called a domain, and the domain
division is also called a multi domain.

Examples of a liquid crystal mode of a horizontal align-
ment mode, in which the domain division is performed,
include a multi domain twisted nematic (TN) mode, a mult
domain electrically controlled birefringence (ECB) mode, a
multi domain optically compensated birefringence (OCB)
mode, and the like. On the other hand, examples of a liquid
crystal mode of a vertical alignment mode include a multi
domain vertical alignment (MVA) mode, a patterned vertical
alignment (PVA) mode, and the like, and various improve-
ments for realizing a wider viewing angle are made to the
liquid crystal display devices of various mode. Among others,
a multi domain vertical alignment twisted nematic (VATN)
mode is known as a liquid crystal mode which can realize a
wide viewing angle and a fast response with a few number of
processing. In the VATN mode, the liquid crystal molecule
has a twisted structure by using vertical alignment layers in
which directions of an aligning treatment on both substrates
are substantially perpendicular to each other, and liquid crys-
tal display device has a plurality of domains, in which direc-
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tions of the alignment of the liquid crystal molecules are
different from one another in one pixel.

Examples of a method of performing the domain division
include a rubbing method and an optical alignment method.
As the rubbing method, a method in which the domain divi-
sion is performed by rubbing in a state of separating each
pixel (subpixel) of a display region into a rubbing region and
non-rubbing region by patterning with a resist is proposed.
However, there was a room for contrivance in that since the
alignment treatment is performed by rubbing the surface of an
alignment layer with a cloth wound around a roller in the
rubbing method, defects such as a fluey of the cloth, dust such
as shavings, break of a switching device due to static electric-
ity, a characteristic shift and degradation are generated. Fur-
ther, there might be cases where rubbing was not sufficient at
an edge portion of the resist.

On the other hand, an optical alignment method is an
alignment method in which an optical alignment layer is
formed by use of an optical alignment material and an align-
ment anchoring force is generated in the alignment layer by
irradiating light such as ultraviolet light to the optical align-
ment layer. In accordance with the optical alignment method,
generation of dirt and dust can be inhibited since an aligning
treatment of an alignment layer can be performed in a non-
contact manner. Further, since light can be irradiated to each
region within a surface of the alignment layer under different
conditions by using a photo mask at the time of exposing, a
domain having a desired design can be readily formed.

As a conventional method of a domain division by an
optical alignment method, for example, patent document 1 is
disclosed. In patent document 1, a technology, in which a
domain is formed by performing a first ultraviolet irradiation
to an alignment layer by using a photo mask having light-
transmitting areas and light-blocking areas, respectively,
located in a stripe pattern, then shifting a position of the photo
mask by half of a pitch of the stripe, i.e., by a width of the
stripe, in a direction perpendicular to a direction of an orien-
tation of the stripe, and performing a second ultraviolet irra-
diation from the direction opposite to the direction of the first
ultraviolet irradiation, is disclosed. If the optical alignment
method is thus used, the pixel (subpixel) can be readily
divided into two or more domains by using a photo mask.

However, in an exposure system using a photo mask in the
optical alignment method, alignment irregularities are genet-
ated in the alignment layer when dust adheres to the vicinity
of a light-transmitting area of a photo mask. Then, there was
aroom for contrivance in that when white display is provided,
a region in which alignment irregularities is recognized as a
black point and therefore this causes the deterioration of
display quality. Further, the optical alignment method is
applied to the VATN mode (hereinafter, also referred to as a ‘4
VATN mode”) in which four domains are formed, the dete-
rioration of display quality due to the influence of alignment
irregularity has particularly remarkably occurred.

In association with such problems, a technology of reduc-
ing pinholes generated by contaminants on a photo mask at
the time of exposing a negative photosensitive resin is dis-
closed (for example, see patent document 2). However, this
technology is a technology concerning a method of exposing
the negative photosensitive resin and is not a technology
concerning the alignment layer of the liquid crystal display
device, and thought of performing the domain division by
using the optical alignment method is not disclosed at all.

Further, presently, an exposure device for performing a
domain division by an optical alignment method is little-
disclosed, and further, naturally, an exposure device which
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can inhibit the deterioration of display quality of a liquid
crystal display device due to the dust adhering to a photo
mask, is not also disclosed.

Patent Document 1: Japanese Kokai Publication Hei-11-
133429

Patent Document 2: Japanese Kokai Publication Hei-5-
335196

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

In view of the above state of the art, it is an object of the
present invention to provide a method of producing a liquid
crystal display device, and an exposure device, which can
inhibit the deterioration of display quality even when the
aligning treatment of an alignment layer is performed using
an optical alignment method.

Means for Solving the Problems

The present inventors made various investigations con-
cerning amethod of producing a liquid crystal display device,
and an exposure device, which can inhibit the deterioration of
display quality due to the influence of dust adhering to aphoto
mask, and consequently have noted exposure aspects of the
alignment layer. Then, they found that when dust 26 adheres
to the vicinity of a light-transmitting area 24 of a photo mask
23 as shown in FIG. 9, conventionally, since light to an area to
whichthe dust 26 adheres is blocked, the part of the alignment
layer corresponding to the part of the dust 26 which protrudes
into the light-transmitting area 24 becomes an unexposed
region 30 and does not undergo an aligning treatment to
generate an alignment irregularity, and consequently the
alignment irregularity becomes a black point to cause the
deterioration of display quality. Further, they found that in
such a case, if exposing two regions in a pixel 32 twice by
using the same photo mask as shown in FIG. 10, the unex-
posed region 30 is largely formed in one pixel 32 and this
further adversely affects the display quality, and they found
that the deterioration of display quality can be inhibited in the
liquid crystal display device undergoing an aligning treat-
ment by use of the optical alignment method and the above
problems can be solved by performing an exposure step by
using at least one aspect of an aspect that the alignment layer
is exposed while the relative position of the photo mask with
respect to the substrate is moved, an aspect that after the
relative position of the photo mask with respect to the sub-
strate is moved, the same domain is exposed more than once,
and an aspect that after the relative position of the photo mask
with respect to the substrate is moved by a pixel pitch or
longer, different domains are exposed more than once. These
findings have now led to completion of the present invention.

That is, the present invention pertains to a production
method of a liquid crystal display device (hereinafter, also
referred to as a “first production method of the present inven-
tion) in which an alignment layer is provided on a substrate
and two or more domains are formed in each pixel of a display
region by exposing the alignment layer, wherein the produc-
tion method includes an exposure step of exposing the align-
ment layer through a photo mask in which a plurality of
light-transmitting areas are located in a stripe pattern and
wherein the exposure step is a step of exposing the alignment
layer continuously while the relative position of the photo
mask with respect to the substrate at the time of viewing a
substrate surface from the front is moved in a longitudinal
direction of the light-transmitting area.
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The present invention also pertains to a production method
of aliquid crystal display device (hereinafter, also referred to
as a “second production method of the present invention™) in
which an alignment layer is provided on a substrate and two
or more domains are formed in each pixel of a display region
by exposing the alignment layer, wherein the production
method includes the exposure step of exposing the alignment
layer through a photo mask in which a plurality of light-
transmitting areas and a plurality of light-blocking areas are
located, and wherein the exposure step has the first stationary
exposure step of exposing the alignment layer in a state of
fixing a relative position of the photo mask with respect to the
substrate, a moving step of moving while a relative position of
the photo mask with respect to the substrate at the time of
viewing a substrate surface from the front is fixed, and a
second stationary exposure step of exposing a domain which
has been irradiated in the first stationary exposure step while
the relative position of the photo mask with respect to the
substrate is fixed.

The present invention further pertains to a production
method of a liquid crystal display device (hereinafter, also
referred to as a “third production method of the present inven-
tion”) in which an alignment layer is provided on a substrate
and two or more domains are formed in each pixel of a display
region by exposing the alignment layer, wherein the produc-
tion method includes an exposure step of exposing the align-
ment layer through a photo mask in which a plurality of
light-transmitting areas and a plurality oflight-blocking areas
are located, and wherein the exposure step has a first station-
ary exposure step of exposing the alignment layer while a
relative position of the photo mask with respect to the sub-
strate is fixed, a moving step of moving the with respect of the
photo mask to the substrate by at least a pixel pitch, and a
second stationary exposure step of exposing a domain differ-
ent from a domain which has been irradiated in the first
stationary exposure step while a relative position of the photo
mask with respect to the substrate is fixed.

Hereinafter, the present invention will be described in
detail.

A liquid crystal display device produced by the production
method of a liquid crystal display device of the present inven-
tion is a liquid crystal display device in which an alignment
layer is provided on a substrate and two or more domains are
formed in each pixel of a display region by exposing the
alignment layer. That is, the liquid crystal display device
produced according to the present invention has two or more
domains, formed by the domain division by using the optical
alignment method, in each pixel of the display region.
Accordingly, in accordance with the present invention, a lig-
uid crystal display device having an excellent viewing angle
characteristic can be produced. Herein, a display region is a
region to display images, in which the pixels are generally
located. Further, “two or more domains are formed in each
pixel of a display region” does not requires that two or more
domains are formed in all each pixel of a display regionin the
strict sense and substantially all pixels to be used for display
have only to have two or more domains, respectively. Further-
more, the liquid crystal display device produced by the pro-
duction method of a liquid crystal display device of the
present invention may have a pair of substrates opposed to
each other and alignment layers provided on the opposed
surfaces of the pair of substrates and may be a liquid crystal
display device in which two or more domains are formed in
each pixel of a display region by exposing the alignment
layer.

With respect to the constituents of the liquid crystal display
device produced by the production method of a liquid crystal
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display device of the present invention, other components
other than standard components of such liquid crystal display
device is not particularly limited as long as the liquid crystal
display device essentially includes standard components.

The first production method of the present invention
includes an exposure step of exposing an alignment layer
through a photo mask in which a plurality of light-transmit-
ting areas is located in a stripe pattern as an aligning treatment
step using an optical alignment method. Thereby, since the
exposure can be collectively performed to aplurality of pixels
usually arrayed in a matrix pattern, the alignment layer can be
subjected to an aligning treatment efficiently. Herein, “the
light-transmitting areas are located in a stripe pattern” means,
more specifically, that the light-transmitting area and the
light-blocking area whose shapes in viewing the photo mask
from the front (main surface) are approximately rectangular,
respectively, are preferably located repeatedly. Further,
pitches of the plurality of the light-transmitting areas are not
particularly limited, but the plurality of the light-transmitting
areas is preferably located with the same pitch from the view-
point of exposing the pixels collectively. Furthermore, the
first production method of the present invention may include
an exposure step of exposing an alignment layer through a
photo mask in which a plurality of light-transmitting areas are
located in a stripe pattern in a light-blocking region as an
aligning treatment step using an optical alignment method.

The second and the third production methods ofthe present
invention include an exposure step of exposing an alignment
layer through a photo mask in which a plurality of light-
transmitting areas and a plurality of light-blocking areas are
located as an aligning treatment step using an optical align-
ment method. Thereby, the alignment layer can be subjected
to an aligning treatment efficiently as with the first production
method of the present invention. The pattern of the plurality of
light-transmitting areas to be located in the second and the
third production methods of the present invention is not par-
ticularly limited, and examples ofthe pattern include a pattern
in which the light-transmitting areas are located in a stripe
pattern described above, a pattern in which the light-trans-
mitting areas are located in a mosaic pattern, and a pattern in
which the light-transmitting areas are located in a delta pat-
tern. Further, the second and the third production methods of
the present invention may include an exposure step of expos-
ing an alignment layer through a photo mask in which a
plurality of light-transmitting areas is located in a light-block-
ing region as an aligning treatment step using an optical
alignment method.

In the first production method of the present invention, (1)
the exposure step takes an aspect of exposing the alignment
layer continuously while the relative position of the photo
mask with respect to the substrate at the time of viewing a
substrate surface from the front is moved in the longitudinal
direction of the light-transmitting area. Further, in the second
production method of the present invention, (2) the exposure
step takes an aspect having the first stationary exposure step
of exposing an alignment layer while a relative position of the
photo mask with respect to the substrate is fixed, the moving
step of moving the relative position of the photo mask with
respect to the substrate at the time of viewing a substrate
surface from the front, and the second stationary exposure
step of exposing a domain has been irradiated (exposed) in the
first stationary exposure step while a relative position of the
photo mask with respect to the substrate is fixed. Further-
more, in the third production method of the present invention,
(3) the exposure step takes an aspect having the first stationary
exposure step of exposing an alignment layer while a relative
position of the photo mask with respect to the substrate is

20

25

35

40

45

60

65

6

fixed, the moving step of moving the relative position of the
photo mask with respect to the substrate by at least a pixel
pitch, and the second stationary exposure step of exposing a
different domain from the domain irradiated (exposed) in the
first stationary exposure step while a relative position of the
photo mask with respect to the substrate is fixed. In the
present description, a pixel pitch (subpixel pitch) refers to a
distance between two points corresponding to each other in
two adjacent pixels (subpixels).

In accordance with the aspects (1) and (2), even when dust
adheres to the photo mask, the generation of an unexposed
region (non-aligning treatment region) due to the transfer of
dust in a region to be exposed in the alignment layer can be
inhibited since it is possible to expose an alignment layer (to
perform an aligning treatment of an alignment layer) while
dust is moved or after dust is moved in the same domain.
Therefore, the deterioration of display quality resulting from
alignment irregularities in the unexposed region can be inhib-
ited. The region exposed while dust is moved or after dust is
moved becomes a less-exposed region (a region of a low
exposure) compared with a normal region without an influ-
ence of dust. However, even in the region of a low exposure,
since necessity minimum exposure is usually performed, an
effect of inhibiting the deterioration of display quality can be
exerted.

Further, in accordance with the aspect of the above (3),
even when dust adheres to the photo mask, it is possible to
inhibit generation of an unexposed region (non-aligning
treatment region) due to the transfer of dust in one pixel since
the dust is moved to a different pixel between a first exposure
(the first stationary exposure) and a second exposure (the
second stationary exposure). Therefore, an area of the unex-
posed region generated in the pixel which is the smallest unit
of liquid crystal display (image display) can be reduced, and
consequently the deterioration of display quality can be
inhibited.

Thus, in accordance with the first, the second and the third
production methods of the present invention, it is possible to
achieve an effect of inhibiting the deterioration of display
quality, respectively, even though an alignment layer suscep-
tible to exposure unevenness is subjected to the aligning
treatmert by an optical alignment method. Accordingly, it is
preferable to implement the present invention in combination
of the aspects (1) to (3). However, when the aspect (1) is
combined with the second and the third production methods
of the present invention, light-transmitting areas of photo
masks in the second and the third production methods of the
present invention are preferably located in a stripe pattern as
with the first production method of the present invention.

In theaspects (1) to (3), it is preferable to move the relative
position of the photo mask with respect to the substrate, more
specifically, to move the photo mask and/or the substrate in
such away that the relative position between the substrate and
the photo mask is changed. Thus, in the aspects (1) to (3), it is
possible to appropriately select any one of an aspect of mov-
ing only the photo mask, an aspect of moving only the sub-
strate, and an aspect of moving the photo mask and the sub-
strate. However, in the aspect (1), an aspect of exposing the
alignment layer while the photo mask and the substrate are
similarly moved (at the same speed in the same direction)
does not constitute the present invention because this aspect
does not exhibit an effect of the present invention.

Further, in the aspect (1), to move something in the longi-
tudinal direction of the light-transmitting area may be to
move something in the stripe direction of the light-transmit-
ting area, and it is generally preferable to move something in
a direction approximately parallel to a long side direction of
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the light-transmitting area whose planar shape is approxi-
mately a rectangle. By moving the photo mask along a stripe
pattern light-transmitting area in this manner, moving of the
photo mask during exposing the alignment layer does not
cause a region to be exposed to change in a pixel and the same
region (a region being the same domain) can be exposed. The
planar shape of the light-transmitting area is a shape at the
time of viewing the photo mask from the front (main surface).
Further, in the aspect (1), the planar shape of the light-trans-
mitting area is not particularly limited as long as two sides in
a longitudinal direction in a region overlapping a display
region to be exposed are approximately parallel to each other,
and examples of the planar shape include approximately a
rectangle, approximately a parallelogram, approximately a
rectangle whose corners are rounded, and shapes which com-
bined these shapes. Furthermore, in the aspects (2) and (3),
examples of the state of fixing a relative position of the photo
mask with respect to the substrate include, more specifically,
a state of resting the substrate and the photo mask together,
and a state of moving the photo mask and the substrate simi-
larly (at the same speed in the same direction), and among
others, a state of resting the substrate and the photo mask
together is preferable.

In the aspects (1) to (3), the photo mask may be located in
a state of being inclined relative to the substrate, but from the
viewpoint of maintaining an approximately uniform proxim-
ity gap, it is preferable to locate the photo mask so as to be
approximately parallel to the substrate. That is, it is preferable
to locate the photo mask so as to have a uniform distance
between the substrate and the photo mask. Further, in the
aspects (1) to (3), from the similar viewpoint, it is preferable
that the substrate and the photo mask be located so as to be
approximately parallel to each other and the relative position
of the photo mask with respect to the substrate are moved
without changing a distance between the substrate and the
photo mask, and that the photo mask is located so as to have
a uniform distance between the substrate and the photo mask
and the relative position of the photo mask with respect to the
substrate is moved without changing a distance between the
substrate and the photo mask. In the forms (2) to (3), a direc-
tion in which the relative position of the photo mask with
respect to the substrate is moved is not particularly limited,
and it may be appropriately set.

As described above, the aspect (1) may be an aspect in
which the photo mask is moved in the longitudinal direction
of the light-transmitting area while the alignment layer is
exposed in such a way that the relative position of the photo
mask with respect to the substrate at the time of viewing a
substrate surface from the front is changed.

The liquid crystal display device produced according to the
present invention may be color display or black and white
display as long as it is a matrix type liquid crystal display
device.

When the liquid crystal display is color display, each pixel
in the display region is usually composed of a plurality of
subpixels in which filters with colors different from one
another are located. Accordingly, when the present invention
is applied to the production method of a liquid crystal display
device of color display, the pixel may be construed as a
subpixel.

The first, the second and the third production methods of
the present invention include the above-mentioned steps,
respectively, as an essential step, and other steps are not
particularly limited.

Preferable aspects in the first, the second and the third
production methods of the present invention will be described
in detail below.
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In the aspect (1), as for the exposure step, it is preferable to
expose the alignment layer while the relative position of the
photo mask with respect to the substrate is moved in one
direction. Thereby, the alignment layer can be exposed while
the position of dust is moved without duplication of the posi-
tion, and therefore the deterioration of display quality can be
more inhibited.

In the photo mask of the aspect (1), it is preferable that a
length in the longitudinal direction of the light-transmitting
area be longer than a length of a display region to be exposed
at the time of exposure in a direction parallel to the longitu-
dinal direction of the light-transmitting area. More specifi-
cally, in the photo mask of the aspect (1), it is preferable that
alength in the longitudinal direction of the light-transmitting
area is longer than a length of a display region to be exposed
at the time of exposure in a direction parallel to the longitu-
dinal direction of the light-transmitting area. Thereby, an
alignment layer can be exposed through the light-transmitting
area continuously in a display region to be exposed during
moving the photo mask and/or the substrate. The extent of the
length in the longitudinal direction of the light-transmitting
area is not particularly limited, and it may be appropriately set
in accordance with an amount of change in a relative position
of the photo mask with respect to the substrate

In the exposure step of the aspect (1), it is preferable to
expose the alignment layer while the photo mask and/or the
substrate are/is moved at a constant speed, and it is more
preferable to expose the alignment layer while the photo mask
or the substrate is moved at a constant speed. Thereby, a
deviation of the substrate and a deflection of the photo mask
due to changes in speed can be effectively inhibited, and
therefore the occurrence of alignment deviation of the photo
mask can be inhibited. Thus, in the aspect (1), the exposure
step may be an aspect of moving the photo mask and/or the
substrate at a constant speed while the alignment layer is
exposed, or may be an aspect of moving the photo mask or the
substrate at a constant speed while the alignment layer is
exposed.

In the photo mask of the aspect (2), it is preferable that a
size of a light-transmitting area-located region on a side oppo-
site to a moving direction of the photo mask is larger than a
size of a display region to be exposed at the time of exposure.
By thus providing a margin for the light-transmitting area of
the photo mask, an alignment layer can be expose through the
light-transmitting area continuously in a display region to be
exposed even if moving the photo mask and/or the substrate.
A light-transmitting area-located region is usually a region
which all light-transmitting areas located in the photo mask
cover. Thus, in the photo mask of the aspect (2), a size of a
region in which the light-transmitting area is located may be
larger than a size of a display region to be exposed at the time
of exposure on the side opposite to a direction in which the
photo mask is moved.

Intheaspect (2), (2-1) theexposure step preferably takes an
aspect in which a stationary exposure step and the moving
step are alternately performed repeatedly. By increasing the
number of times of moving dust more than twice like this, it
is possible to bring an exposure amount in a region (region of
low exposure) in which an exposure amount for the alignment
layer is small compared with an exposure amount in a normal
region of the alignment layer unaffected by dust close to the
exposure amount in the normal region, and therefore the
deterioration of display quality can be further inhibited. That
the stationary exposure step and the moving step are alter-
nately performed repeatedly means, more specifically, that
after the first stationary exposure step, the moving step, and
the second stationary exposure step are performed in this
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order, further the moving step and the stationary exposure
step are performed repeatedly in this order, and this aspect is
preferable. Further, in the stationary exposure step performed
repeatedly, a common domain is exposed while a relative
position of the photo mask with respect to the substrate is
fixed. Furthermore, in the moving step performed repeatedly,
a direction in which the photo mask is moved is not particu-
larly limited, and it may be appropriately set.

Further, in the moving step of the aspect (2-1), it is prefer-
able to move the photo mask and/or the substrate in such a
way that a relative position of the photo mask with respect to
the substrate in the stationary exposure step are different from
one another. Thereby, since the alignment layer is exposed in
a state in which the position of dust to the substrate is always
changed, it is possible to bring the exposure amount in a
region of low exposure close to that in the normal region.

In the exposure step of the aspect (2), the first stationary
exposure step and the second stationary exposure step are
preferably performed at the same exposure amount. Thereby,
since the exposure amount can be kept constant among plural
regions of low exposure, variations in alignment of liquid
crystal molecule between regions of low exposure can be
inhibited. The term same exposure amount does not require
that the exposure amounts are the same in a strict sense, and
this has only to have the same exposure amount which does
not cause the alignment of liquid crystal molecule to vary
between regions of low exposure. Further, in the aspect (2),
the exposure step may take an aspect in which the first sta-
tionary exposure step and the second stationary exposure step
are performed at the same exposure amount.

In the photo mask of the aspect (3), a size of a light-
transmitting area-located region on a side opposite to a mov-
ing direction of the photomask is preferably larger than a size
of a display region to be exposed at the time of exposure. By
thus providing a margin for the light-transmitting area of the
photo mask, an alignment layer can be exposed through the
light-transmitting area continuously in a display region to be
exposed even if moving the photo mask and/or the substrate.
Thus, in the photo mask of the aspect (3), a size of a light-
transmitting area-located region may be larger than a size of
a display region to be exposed at the time of exposure on the
side opposite to a direction in which the photo mask is moved.

In the aspect (3), (3-1) it is preferable that in the photo
mask, the plurality of light-transmitting areas are located in a
stripe pattern, and the plurality of light-transmitting areas
have a pitch equal to a pixel pitch and a width of half of the
pixel pitch in a direction perpendicular to the light-transmit-
ting area at the time of exposure, and in the moving step, the
photomask moves by (N+0.5) pixel pitches in a direction
perpendicular to the light-transmitting area, taking N as a
natural number. Thereby, two domains can be formed effi-
ciently in each pixel of a display region by exposing the
alignment layer twice. In the present description, a width of
the light-transmitting area is a length of the light-transmitting
area in a direction perpendicular to the longitudinal direction
(direction of a short side) of the stripe pattern light-transmit-
ting area. A pitch of the light-transmitting area refers to a
distance between two points corresponding to each other in
two adjacent light-transmitting areas. Thus, in the aspect (3),
with respect to the photo mask, a plurality of light-transmit-
ting areas is located in a stripe pattern, and a pitch of the
light-transmitting area is set at the same length equal to a pixel
pitch in a direction of a short side of the light-transmitting
area at the time of exposure, and a width in a direction of a
short side of the light-transmitting area is set at a length of half
of the pixel pitch in a direction of a short side of the light-
transmitting area at the time of exposure, and the moving step
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may be an aspect in which taking N as a natural number, the
relative position of the photo mask with respect to the sub-
strate is moved in a direction of a short side of the light-
transmitting area by (N+0.5) pixel pitches in a direction of a
short side of the light-transmitting area at the time of expo-
sure. That the light-transmitting area has a pitch equal to a
pixel pitch does not require that the light-transmitting area has
the same pitch as the pixel pitch in a strict sense, and the
light-transmitting area has only to have the similarity to the
pixel pitch by which domains having a similar form to extent
not recognized as display irregularity in a display region
surface can be formed in each pixel. Further, that the light-
transmitting area has a width of halfofthe pixel pitch does not
require that the light-transmitting area has a width of half of
the pixel pitch in a strict sense, and the light-transmitting area
has only to have a width similar to half of the pixel pitch by
which an unexposed region is not produced in a pixel opening
through which light in the pixel passes. Further, in the aspect
(3), with respect to the photo mask, a plurality of light-trans-
mitting areas is located in a stripe pattern, and the moving step
takes an aspect in which the relative position of the photo
mask with respect to the substrate is moved in a direction ofa
short side of the light-transmitting area by the pixel pitch or
longer in a direction of a short side of the light-transmitting
area at the time of exposure.

In the photo mask of the aspect (3-1), the number of the
plurality of light-transmitting areas is preferably larger than
the number of the pixels in a direction perpendicular to the
light-transmitting area at the time of exposure by N or more,
and the number of the plurality of light-transmitting areas is
more preferably larger than number ofthe pixelsin a direction
perpendicular to the light-transmitting area at the time of
exposure by N. Thereby, in the aspect (3-1), an alignment
layer can be exposed through the light-transmitting area con-
tinuously in a display region to be exposed even if moving the
photo mask and/or the substrate.

In the first, the second and the third production methods of
the presentinvention, in the exposure step, it is preferable that
the display region is divided into two or more in each of the
two or more exposure regions and the alignment layer is
exposed through the photo mask. Thereby, in the case of
subjecting a substrate of large size such as a 65-inch substrate
to an aligning treatment, an aligning treatment can be per-
formed throughout the display region without increasing the
size of a photo mask or an exposure device. Thus, in the first,
the second and the third production methods of the present
invention, the exposure step may be an aspect in which an
alignment layer surface is divided into two or more exposure
regions and an exposure of the alignment layer is performed
through a photo mask for every divided exposure region.

A Tliquid crystal mode of the liquid crystal display device
produced by the first, the second and the third production
methods of the present invention is not particularly limited,
but it is preferably a 4 VATN mode. That is, in the production
method of a liquid crystal display device of the present inven-
tion, it is preferable that the production method includes the
steps of: forming two domains partitioned in a stripe pattern
in the pixel of the display region by exposing the alignment
layer twice in each pixel in directions parallel to and opposite
to each other over a plurality of the pixels in one substrate
through a photo mask, the photo mask including the plurality
of light-transmitting areas located in a stripe pattern; forming
two domains partitioned in a stripe pattern in the pixel of the
display region by exposing the alignment layer twice in each
pixel in directions parallel to and opposite to each other over
a plurality of the pixels in the other substrate through a photo
mask, the photo mask including the plurality of light-trans-
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mitting areas located in a stripe pattern; bonding the one
substrate to the other substrate in such a way that the direction
of exposure for the one substrate is perpendicular to the
direction of exposure for the other substrate and the alignment
layer on the one substrate faces the alignment layer on the
other substrate; and injecting liquid crystal molecules having
negative dielectric anisotropy between the substrates,
wherein the liquid crystal molecules are aligned substantially
perpendicularly to surfaces of the alignment layers when a
voltage less than a threshold value is applied between the
substrates. As described above, the production method of a
liquid crystal display device includes the step of forming two
kinds of domains, in which directions of exposure (direction
of light irradiation) are parallel to and opposite to each other,
in a stripe pattern in each pixel and an alignment layer surface
by exposing the alignment layers provided on both substrates
by using the same or different photo masks in which light-
transmitting areas are provided in a stripe pattern, the step of
bonding one substrate to the other substrate in such a way that
the directions of exposure (direction of light irradiation) of
both substrates are perpendicular to each other in viewing the
substrate from the front, and the step of injecting a nematic
liquid crystal material having negative dielectric anisotropy
between both substrates, wherein the alignment layers may
cause the liquid crystal molecules near the surface of align-
ment layer to be aligned substantially perpendicularly to the
surface of alignment layer when a voltage is not applied
between the substrates. That the one substrate is bonded to the
other substrate in such a way that the directions of exposure of
both substrates are perpendicular to each other does not
requires that the one substrate is bonded to the other substrate
in such a way that the directions of exposure of both sub-
strates are perpendicular to each other in a strict sense, but it
is preferable that an angle which the direction of exposure
(direction of light irradiation) to one substrate forms with the
direction of exposure (direction of light irradiation) to the
other substrate be substantially 90° in viewing the substrate
from above. Further, that the liquid crystal molecules are
aligned substantially perpendicularly to the surface of align-
ment layer preferably means, more specifically that the liquid
crystal molecules near the surface of alignment layer are
aligned to the surface of alignment layer in such a way that an
angle, which a longitudinal direction of the liquid crystal
molecule makes with the surface of alignment layer, is 85° or
more and less than 90° from the viewpoint of increasing the
transmittance in the 4 VATN mode.

Further, it is preferable that in the production method of a
liquid crystal display device of the present invention, the
liquid crystal display device includes a pair of substrates and
a liquid crystal layer arranged between the substrates, the
liquid crystal layer contains liquid crystal molecules having
negative dielectric anisotropy, the alignment layers are each
provided on a surface on the liquid crystal layer side of each
the pair of substrates, and the liquid crystal molecules are
aligned substantially perpendicularly to surfaces of the align-
ment layers when a voltage less than a threshold value is
applied between the substrates, and the liquid crystal display
device has four domains, and in the four domains, alignment
directions of the liquid crystal molecules near the alignment
layer provided on one substrate is perpendicularly to align-
ment directions of the liquid crystal molecules near the align-
ment layer provided on the other substrate at the time of
viewing a substrate surface from the front, and when a voltage
less than a threshold value is applied between the pair of
substrates, alignment directions of the liquid crystal mol-
ecules at the center and near the center of the liquid crystal
layer are different in such a way that the alignment directions
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are perpendicular to each other. In a liquid crystal display
device of the 4 VATN mode, each domain is formed with
extremely high definition, and alignment irregularity has a
very large effect on display quality. Therefore, application of
the production method of a liquid crystal display device of the
present invention to the 4 VATN mode can achieve particu-
larly outstanding effect. As described above, the liquid crystal
display device may be a form in which the liquid crystal
display device includes a pair of substrates and a liquid crystal
layer arranged between the substrates, the liquid crystal layer
contains a nematic liquid crystal molecule having negative
dielectric anisotropy, the alignment layers are provided on the
surfaces on the liquid crystal layer side of both substrates and
the liquid crystal molecules are aligned substantially perpen-
dicularly to the surface of alignment layer when a voltage is
not applied between the substrates, and the liquid crystal
display device has 4 domains in which in viewing a substrate
surface (substrate main surface) from the front, alignment
directions of the liquid crystal molecule near the alignment
layer provided on one substrate and the liquid crystal mol-
ecule near the alignment layer provided on the other substrate
are perpendicular to each other, and alignment directions of
the liquid crystal molecules positioned at the center and near
the center (more preferably at the center) of the 4 domains are
perpendicular to one another in viewing a substrate surface
(substrate main surface) from the front when a voltage of a
threshold value or more is applied between the substrates.
That the liquid crystal molecules are aligned substantially
perpendicularly to the surface of alignment layer preferably
means, more specifically, that the liquid crystal molecules
near the surface of alignment layer are aligned to the surface
of alignment layer in such a way that an angle, which a
longitudinal direction of the liquid crystal molecule makes
with the surface of alignment layer, is 85° or more and less
than 90° from the viewpoint of increasing the transmittance in
the 4 VATN mode. Further, that the alignment directions are
perpendicular to each other does not requires that the align-
ment directions are perpendicular to each other in a strict
sense, but it is preferable that the alignment directions cross
substantially at 90° in viewing a substrate surface (substrate
main surface) from the front.

The present invention pertains to an exposure device
including a stage and a light source, a photo mask being
located between the stage and the light source, wherein the
exposure device includes moving means of changing a rela-
tive position of the photo mask with respect to the stage
during exposure. In accordance with such exposure device of
the present invention, since the stage on which the substrate is
mounted and the photo mask can be appropriately moved, this
is suitable as an exposure device in the production method of
a liquid crystal display device of the present invention
described above. Accordingly, the exposure device of the
present invention is suitable for an exposure device for align-
ing treatment.

The exposure device of the present invention may include
other components other than such components or may
include no other components and is not particularly limited as
long as it is formed including above-mentioned components.

Further, in the exposure device of the present invention, the
moving means preferably moves the stage and/or the photo
mask at a constant speed for a certain period of time. Thereby,
adeviation of the substrate on the stage and a deflection of the
photo mask due to changes in speed can be effectively inhib-
ited, and therefore the occurrence of alignment deviation of
the photo mask can be inhibited.

Effects of the Invention

In accordance with the method of producing a liquid crys-
tal display device of the present invention, the deterioration of
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display quality can be inhibited even when the aligning treat-
ment of an alignment layer is performed using an optical
alignment method. Further, the exposure device of the present
invention is suitable as an exposure device in the production
method of a liquid crystal display device of the present inven-
tion. That is, the exposure device of the present invention can
be suitably used for the method of producing a liquid crystal
display device of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

Hereinafter, the present invention will be described in more
detail by way of embodiments with reference to drawings, but
the present invention is not limited to these embodiments.

EMBODIMENTS
Embodiment 1

Hereinafter, Embodiment 1 of the production method of a
liquid crystal display device and the exposure device of the
present invention will be described by use of FIGS. 1to 7. In
the present embodiment, a 4 VATN mode is described as an
example, but a liquid crystal mode is not particularly limited
in the present embodiment as long as it is a mode which can
be formed by use of the photo mask having a stripe pattern,
and examples of the mode include a 2 VATN mode and a 2
VAECB (vertical alignment electrically controlled birefrin-
gence) mode in addition to the 4 VATN mode.

First, a pair of substrates, which is not yet provided with an
alignment layer, is prepared by a common method. FIG. 5(a)
is a schematic plan view of TFT array substrate which is a first
substrate of Embodiment 1 and FIG. 5(5) is a schematic plane

10

15

20

25

30

view of the CF substrate which is a second substrate of 35

Embodiment 1. As one substrate, a TFT array substrate, in
which a scanning signal line and a data signal line are located
crosswise in a matrix pattern on an insulating substrate by
way of an insulating film (not shown) therebetween, and a
TFT is located at each intersecting point of both signal lines,
and further an pixel electrode is located in aregion partitioned
by the scanning signal line and the data signal line by forming
(1) a scanning signal line 15, (2) a thin film transistor (TFT)
11, (3) adata signal line 16 and (4) a pixel electrode 12 in turn
on the insulating substrate (not shown) as shown in FIG. 5(a),
is used.

On the other hand, as the other substrate, a color filter
substrate (CF substrate), in which black matrixes (BM) are
arranged in a matrix pattern on an insulating substrate and
further color filters are arranged in regions partitioned by the
BMs by forming (1) a BM 13, (2) a color filter 14, (3) a
protective film (not shown) and (4) a transparent electrode
film (not shown) in turn on the insulating substrate (not
shown) as shown in FIG. 5(b), is used. The color filter 14 is
composed of a red (R) filter 14R, a green (G) filter 14G and a
blue (B) filter 14B.

Thus, in the liquid crystal display device of the present
embodiment, since color display is performed by use of filters
of three colors of RGB, one pixel is composed of three sub-
pixels. Further, each region, in which a filter partitioned by a
pixel electrode or a light-blocking member such as BM is
located, becomes the subpixel, and a region, in which each
pixel is located, becomes a display region.

As an insulating substrate, a substrate having an insulating
surface may be employed, and examples of the insulating
substrate include a glass substrate, a quartz substrate, a plastic
substrate and the like, but among them, the glass substrate
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being low-cost is suitable. As materials of members compos-
ing the first substrate and the second substrate described
above, materials, used usually, may be used.

Next, a solution containing an optical alignment material is
applied to a TFT substrate and a CF substrate by a spin casting
method, and the resulting TFT substrate and CF substrate are
baked, for example, at 180° C. for 60 minutes to form an
alignment layer of vertically aligned mode. The optical align-
ment material is not particularly limited, and examples of the
material include resins containing a photosensitive group.
More specific examples thereof include polyimides contain-
ing photosensitive groups such as a 4-chalcone group (the
following chemical formula (1)), a 4'-chalcone group (the
following chemical formula (2)), a coumarin group (the fol-
lowing chemical formula (3)), and a cinnamoyl group (the
following chemical formula (4)). Polyimides containing pho-
tosensitive groups of the following chemical formulas (1) to
(4) develop a crosslinking reaction (including a dimerization
reaction), an isomerization reaction, and optical realignment
by irradiating ultraviolet light. That is, the alignment layer in
the present embodiment is an alignment layer formed from a
material (optical alignment material) whose alignment
anchoring force is changed by irradiation of light (exposure).
The alignment layer in the present embodiment is preferably
formed from an optical alignment material of an optically
coupling type. In accordance with these materials, variations
of a pretilt angle, which is induced in the alignment layer
surface, can be effectively reduced compared with an optical
alignment material of an optically decomposing type. On the
other hand, an optically aligned layer is susceptible to expo-
sure unevenness and control of the pretilt angle of the liquid
crystal molecule is largely affected by this exposure uneven-
ness. Photosensitive groups ofthe following chemical formu-
las (1) to (4) include a structure in which a substituent is
coupled with a benzene ring. Further, a cinnamate group
(CcHs—CH—CH—COO—), in which an oxygen atom is
further coupled with a carbonyl group in the cinnamoyl group
of the following chemical formula (4), has an advantage that
synthesis is easy. Accordingly, as an optical alignment mate-
rial, polyimide containing a cinnamate group is more prefer-
able. The optical alignment material of an optically decom-
posing type develops a decomposing reaction by irradiation
of light such as ultraviolet light. Further, a baking tempera-
ture, a baking time and a film thickness of the optical align-
ment layer are not particularly limited, and they may be
appropriately set.

[formula 1]
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Next, a method of exposing a substrate will be described.
First, an exposure device of the present embodiment will be
described with reference to FIG. 1. FIG. 1 is a schematic
perspective view of the exposure device in the present
embodiment. As shown in FIG. 1, the exposure device 20 in
the present embodiment is composed of a stage 21 for mount-
ing a substrate 25 on, a light source part 22, and a photo mask
23 installed in a direction of light irradiation below the light
source part 22. Thereby, the exposure device 20 can expose an
alignment layer provided on the substrate surface collectively
through the photo mask 23.

In the present embodiment, as shown in FIG. 1, a case
where four display regions 27a, 27b, 27¢, 27d are formed for
one substrate and four liquid crystal display panels are pre-
pared from one substrate (mother glass) will be described,
and sizes of the substrate and the display region, the form of
arrangement of the display region, and the number of display
regions to be located may be appropriately designed.

The stage 21 is not particularly limited as long as the
substrate can be mounted on the stage, but the stage to which
the substrate can be fixed with a vacuum suction machine is
preferable. Thereby, the substrate is not deviated even if the
stage is moved, and therefore a deviation of mask alignment
can be effectively inhibited.

The light source part 22 has a lamp, a polarizer and an
optical lens. Thereby, the light source part 22 can emit colli-
mated light beams 28 by appropriately refracting emitted
light emitted from the lamp with an optical lens and therefore
it is possible to determine (control) the exposure region to a
desired size. Since the light source part 22 can irradiate polar-
ized light, an aligning treatment of the alignment layer
formed from the optical alignment material of an optically
coupling type can be readily and adequately performed. Fur-
thermore, a position of the light source part 22 and a direction
of emission of the collimated light beams 28 can be appro-
priately changed, and light can be irradiated to the substrate
25 at a desired angle. In the present embodiment, as shown in
FIG. 1, an exposure region is set in such a way that the display
regions 27a, 27b, 27¢, 27d can be just collectively exposed.

Examples of the lamp include a low-pressure mercury
lamp, a deuterium lamp, a metal halide lamp, an argon reso-
nance lamp, and xenon lamp. Laser such as excimer laser may
be used in place of the lamp. A wavelength of the light may be
appropriately set depending on the optical alignment mate-
rial, but ultraviolet light is preferably used. A extinction ratio
of the polarizer and species of the optical lens may be appro-
priately set.

The photo mask 23 has a stripe pattern in which the light-
transmitting area through which light passes and the light-
blocking area which blocks light are located repeatedly.
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Thereby, since the exposure can be performed to a plurality of
pixels arrayed in a matrix pattern collectively, the alignment
layer can be efficiently subjected to an aligning treatment.
Widths of the light-transmitting area and the light-blocking
area are set at a length of about half of the pixel pitch or the
subpixel pitch. Thereby, in each substrate, the domain can be
formed so as to bisect each subpixel. Furthermore, it is pref-
erable to locate the photo mask 23 so as to be approximately
parallel to the stage 21 from the viewpoint of maintaining an
approximately uniform proximity gap which is a distance
between the photo mask 23 and the substrate 25 rested on the
stage 21 as shown in FIG. 1. The proximity gap may be
appropriately set. As the photo mask 23, usually, a substance
in which a pattern of metal such as chromium as a light-
blocking area is formed on a transparent substrate such as a
quartz substrate, or a substance in which an opening pattern as
a light-transmitting area is formed on a metal plate can be
used. Thus, alight-blocking area provided for the photo mask
23 may be a transparent region or may be an opening region.

The exposure device 20 has a moving means (not shown)
which changes a relative position of the photo mask 23 with
respect to the stage 21 during exposing. More specifically, the
exposure device 20 can move the stage 21 and the photo mask
23 in arbitrary directions, respectively, for example, direc-
tions perpendicular to each other (in FIG. 1, the photo mask in
the x-y direction, the stage in the X-Y direction) in a horizon-
tal plane. Thereby, as described later, the deterioration of
display quality due to the influence of dust on the photo mask
can be inhibited because the substrate can be exposed with
moving the photo mask. The moving means can move the
stage 21 and the photo mask 23 at a constant speed for a
certain period of time. Thereby, adeviation of the substrate on
the stage and a deflection of the photo mask due to changes in
speed can be effectively inhibited. The moving means is not
particularly limited, and a roller connected to a power source
such as an electric motor or the like may be used. In the
exposure device 20, only the stage 21 may be moved, only the
photo mask 23 may be moved, or the stage 21 and the photo
mask 23 may be moved together.

Next, a method of exposing a TFT array substrate will be
described with reference to FIG. 3. FIG. 3 is a schematic
perspective view for illustrating an exposure aspect in
Embodiment 1, and FIG. 3(a) is a view showing a state before
exposure and FIG. 3(b) is a view showing a state of exposing.
First, the TFT array substrate is mounted on a stage of the
exposure device. In this time, as shown in FIG. 3, a light-
transmitting area 24 having a width of about half of a subpixel
pitch in a direction of a scanning signal line 15 is provided in
the photo mask 23. As described above, the widths of the
light-transmitting area 24 and the light-blocking area 29 may
be set at about 85 pum for example, when a 32-inch type
display device has a resolution of WXGA (1366x768 pixels)
and a display region of 697.6845x392.256 mm, and a pixel is
composed of three subpixels of RGB. Therefore, a plurality of
light-transmitting areas 24 is located in such a way that each
pitch of the light-transmitting area is equal to a subpixel pitch
in a direction of the scanning signal line 15. Further, a length
in the direction of a long side (longitudinal direction) of the
light-transmitting area 24 is set at a length longer than that of
a display region to be exposed at the time of exposure in a
direction parallel to the long side of the light-transmitting
area. Furthermore, itis assumed that in the photo mask 23, the
dust 26 adheres to the vicinity of the light-transmitting area
24.

Subsequently, the photo mask 23 is positioned in such a
way that each light-transmitting area 24 is aligned along a
data signal line 16. More specifically, the photo mask 23 is
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positioned in such a way that one end of a short side of each
light-transmitting area 24 is aligned with the data signal line
16 and one end of a long side of each light-transmitting area
24 is aligned with a perimeter of the display region. Thereaf-
ter, the movement of the photo mask 23 is started in the
direction of the long side (the longitudinal direction) of the
light-transmitting area 24, more specifically, in a direction
parallel with the direction of the long side (the longitudinal
direction) of the light-transmitting area 24 and in a direction
to which one end of the light-transmitting area 24 aligned
with the perimeter of the display region is moved away from
the display region (a diagonally upward right direction on a
drawing of FIG. 3), and a first exposure (first shot) is pet-
formed for a fixed time period for each subpixel of the display
region in a state in which a speed of the photo mask 23 reaches
a constant speed. Then, after the completion of the first shot
for a fixed time period, the movement of the photo mask 23 is
stopped. Thereby, an aligning treatment can be performed for
half of a region of each subpixel and the alignment layer can
be exposed while the position of dust 26 is moved. Therefore,
it is possible to prevent an unexposed region from being
generated due to the transfer of dust 26 in a region to be
exposed by the first shot. Consequently, alignment irregulari-
ties generated in the unexposed region can be inhibited and
the deterioration of display quality can be inhibited. In this
time, a region (a region of a low exposure 31), in which an
exposure amount is smaller than a normal exposure amount,
is generated at a position corresponding to the dust 26, but
alignment irregularities are not generated particularly
remarkably in this region as described below.

Since the length in the direction of a long side of the
light-transmitting area 24 is set at a length longer than that of
a display region to be exposed at the time of exposure in a
direction parallel to the long side of the light-transmitting
area, the light-transmitting area 24 can perform the first shot
continuously in a display region to be exposed during moving
the photo mask. Further, from the same viewpoint, it is pref-
erable that a length in the direction of a long side of the
light-transmitting area 24 is set at a length longer than that of
a display region to be exposed at the time of exposure in a
direction parallel to the long side of the light-transmitting
area by at least a length of a moving distance of the photo
mask 23.

Here, a moving speed of the photo mask will be described
with reference to FI1G. 6. FIGS. 6(a) and 6(5) are conceptual
views showing a change in the moving speed with time of the
photo mask or the stage in the present embodiment. As shown
in FIG. 6(a), the exposure device 22 preferably accelerates
the speed of the photo mask and/or the stage at constant
acceleration, moves the photo mask and/or the stage at a
constant speed, and decelerates the speed of the photo mask
and/or the stage at constant deceleration.

A moving speed of the photo mask will be described by use
of an example in which the photo mask is moved like the
present embodiment. It is preferable that as shown in FIG.
6(a), the exposure device 22 accelerates the photo mask at
constant acceleration between time t, and time t,, and a speed

v, of the photo mask at this time varies according to v +a,t
denoting an initial speed by v,, an acceleration by a, and a
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time by t. In a duration between a time t, and a time t,, it is
preferable to move the photo mask at a constant speed, and a
speed v, of the photo mask at this time has a constant value
expressed by v, +a,t, sinceitisequal to the speed v, attimet,.
Furthermore, in a duration between a time t, and a time t;, it
is preferable to decelerate the photo mask at constant decel-
eration, and a speed V; of the photo mask at this time varies
according to v +a, t; +a,t denoting an initial speed by v +a;t;,
an acceleration by a,, and a time by t. Herein, a, indicates a
positive value and a, indicates a negative value. When both
the photo mask and the substrate are moved, a relative speed
between the photo mask and the substrate may be changed as
described above.

Furthermore, as shown in FIG. 6(b), a moving speed of the
photo mask will be described using specific values. Here,
when t,=0 sec, t,=2 sec, 1,=12 sec, t;=14 sec, v,=0 mm/sec,
a,=1 mm/sec®, and a,=-1 mm/sec’, a speed v, becomes
v, =0+1xt=t (mm/sec), and a speed v, becomes v,=0+1xt,=2
(mm/sec), and a speed V; becomes V,=0+1x2-1xt=2-t (mm/
sec). In a duration between time t,=2 sec and time t,=12 sec
during which the photo mask and/or the substrate are moved
ataconstant speed, for example, by exposing for 7 sec, the 1st
shot can be carried out with inhibiting a deviation of the
substrate on the stage and a deflection of the photo mask due
to changes in speed effectively.

Here, a moving distance of the photo mask will be
described. From the viewpoint of reducing the influence of
dust adhering to the photo mask, basically, the larger the
moving distance of the photo mask is more preferable. If the
dust of 0.1 mm in diameter adheres to the mask and the photo
mask or the substrate (stage) is moved by 1 mm during expo-
sure, an exposure amount in a region of 1 mm in width in a
distance by which the dust is moved becomes 90% of an
exposure amount in a normal area. When the optical align-
ment material in the present embodiment is used, about 90%
of a predetermined exposure amount is a sufficient amount
and the display quality does not become a problem. When the
photo mask or the substrate is moved by 2 mm, an exposure
amount in a region which the dust is moved becomes 95% of
a predetermined exposure amount. Of course, in the present
embodiment, the moving distance of the photo mask or the
substrate may be 1 mm or less, and the deterioration of dis-
play quality due to the dust can be inhibited.

Furthermore, the number of pixels contained in a range of
the moving distance of the photo mask or the substrate in the
present embodiment will be described with reference to Table
1. Table 1 is a table showing a relationship between the
moving distance of the photo mask or the substrate and the
number of pixels contained in a range of the moving distance.
As shown in Table 1, in each case, when the moving distance
of the photo mask (substrate) is 1 mm, the number of pixels
contained in a range of the moving distance of the photo mask
(substrate) becomes larger than 1. Therefore, it is understood
that when the moving distance of the photo mask (substrate)
is 1 mm or longer, even if the dust with a size of one pixel
adheres, the dust is not transferred within one pixel and there-
fore the deterioration of display quality can be sufficiently
inhibited. That is, it is understood that a relative position of
the photo mask with respect to the substrate is preferably
moved by 1 mm or longer in the present embodiment.
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TABLE 1

The number of pixels

Pixel  contained in a range of

Display size  moving distance of mask
The number region (RGB) __ (substrate) movement

Size Format of pixels (mm) (mm) 1mm 10mm 20mm
32" WXGA 1366x 768  697.6845 x 392.256 051 196 1958  39.16
37" WXGA 1366 x 768 819.6 x 460.8 0.60 1.67 16.67 3333
37" HDTV 1920 x 1080 819.6 x 460.8 043 234 2344 4687
45" HDTV 1920 x 1080 985.92 x 554.58 051 195 1947 3895
63"  HDTV 1920 x 1080 1428.4 x 803.52 074 134 1344 2688

Hereinafter, the method of exposing a substrate will be
described again. After the completion of the first shot, the
photo mask is horizontally moved by about half of the sub-
pixel pitch in a direction of a scanning signal line to align the
light-transmitting area as with the first shot, and then a second
exposure (second shot) is performed for a certain time period
for the rest half of a region of each subpixel while the photo
mask is moved at a constant speed. Thereby, the generation of
an unexposed region due to the dust in a region to be exposed
by the second shot can be also inhibited at the time of the
second shot.

In this time, the exposure of the second shot is performed
from the direction parallel to and opposite to the direction of
the first shot. That is, the 2nd shot is carried out in such a way
that an incident angle of light relative to the substrate in the
2nd shot is approximately equal to an incident angle of light
relative to the substrate in the 1st shot and the inclination of
light (direction of light irradiation) relative to the substrate in
the 1st shot in viewing the substrate from above is opposite to
the inclination of light (direction of light irradiation) relative
to the substrate in the 2nd shot in viewing the substrate from
above. Thereby, two domains (exposed regions), whose
alignment directions are parallel to and opposite to each other,
can be formed in each subpixel. Thus, in order to perform the
exposure of the first shot and the exposure of the second shot
from different directions, the locations of a light source part
and the photo mask may be changed, or the stage may be
turned 180 degrees in a horizontal plane. Accordingly, the
exposure device in the present embodiment preferably has a
stage which is rotatable in a horizontal plane.

Next, as shown in FIG. 2, the first shot and the second shot
are also performed in turn for other display regions 274, 27¢,
27d of the substrate in the same manner as in the above-
mentioned method. Then, two domains (exposed regions), on
which an aligning treatment is performed in the directions
parallel to and opposite to each other, are formed in each
subpixel of the respective display regions 275, 27¢, 27d.
Thereby, exposure (an aligning treatment) for the alignment
layer of the TFT array substrate is completed. When exposure
regions to the respective display regions 27a, 27b, 27¢, 27d
are moved, not the light source part and the photo mask but the
stage (substrate) is preferably moved. The reason for this is
that a long-distance movement of the light source part is not
preferable from the viewpoint of stable exposure.

Next, a method of exposing a CF substrate will be
described with reference to FIG. 4. FIG. 4 is a schematic
perspective view for illustrating an exposure aspect of the CF
substrate in the present embodiment, and F1G. 4(a) is a view
showing a state before exposure and FIG. 4(b) is a view
showing a state of exposing. First, the CF substrate is
mounted on a stage of the exposure device. In this time, a
light-transmitting area 24 having a width of about half of a
subpixel pitch in a direction of a BM 18 formed in a position
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corresponding to a data signal line (hereinafter, also referred
to as a “BM above a data line”) is provided in the photo mask
23. As described above, the widths of the light-transmitting
area 24 and the light-blocking area 29 may be set at about 255
um for example, when a 32-inch type display device has a
resolution of WXGA (1366x768 pixels) and a display region
of 697.6845x392.256 mm. Therefore, a plurality of light-
transmitting areas 24 is located in such a way that each pitch
of the light-transmitting area is equal to a subpixel pitch in a
direction of the BM 18 above a data line. In the present
embodiment, since three subpixels composing a pixel are
aligned in a direction of a BM 17 formed in a position corre-
sponding to a scanning signal line (hereinafter, also referred
to as a “BM above a scanning line”), the pixel pitch in the
direction of the BM 18 above a data line becomes equal to the
subpixel pitch in the direction of the BM 18 above a data line.
Further, a length in the direction of a long side (longitudinal
direction) of the light-transmitting area 24 is set at a length
longer than that of a display region to be exposed at the time
of exposure in a direction parallel to the long side of the
light-transmitting area, and it is assumed that in the photo
mask 23, the dust 26 adheres to the vicinity of the light-
transmitting area 24.

Subsequently, the photo mask 23 is positioned in such a
way that each light-transmitting area 24 is aligned along the
BM 17 above a scanning line. More specifically, the photo
mask 23 is positioned in such a way that one end of a short
side of each light-transmitting area 24 is aligned with the BM
17 above a scanning line and one end of a long side of each
light-transmitting area 24 is aligned with a perimeter of the
display region. Thereafter, a first shot is performed while the
photo mask 23 is moved at a constant speed as with the
method of exposing a TFT array substrate. Next, the photo
mask 23 is horizontally moved by about half of the subpixel
pitch in a direction of the BM 18 on a data line to align the
light-transmitting area similarly. Thereafter, a second expo-
sure (second shot) is performed for a certain time period for
the rest half of a region of each pixel while the photo mask is
moved at a constant speed as with the first shot. In this time,
the exposure of the second shot is performed from the direc-
tion parallel to and opposite to the direction of the first shot.
Thereby, two domains, whose alignment directions are par-
allel to and opposite to each other, can be formed in each
subpixel.

Next, the first shot and the second shot are performed
similarly for other display regions of the substrate as with the
TFT array substrate. Thereby, exposure (an aligning treat-
ment) for the alignment layer of the CF substrate is com-
pleted.

Next, a sealing agent is applied to peripheral surface of the
exposed display regions of the TFT substrate and the CF
substrate. Then, for example, plastic beads of 4 um in diam-
eter are dispersed on either of substrates and both substrates
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are bonded to each other. In this time, a relationship between
the directions of exposure in both substrates at one subpixel is
shown in FIG. 7, and in each domain, the direction of expo-
sure (aligning treatment) in the TFT substrate is perpendicu-
lar to the direction of exposure (aligning treatment) in the CF
substrate.

Next, after the TFT substrate and the CF substrate are cut
between the respective display regions, a liquid crystal mol-
ecule (negative nematic liquid crystal material) having nega-
tive dielectric anisotropy is filled between the TFT substrate
and the CF substrate to form a liquid crystal layer. In this time,
the liquid crystal molecules are inclined to different direc-
tions among the respective domains and exhibit a pretilt angle
to different directions. Since a direction, to which the liquid
crystal molecules positioned at the center and near the center
of the domain, namely, the liquid crystal molecules posi-
tioned at the center and near the center of the layer surface and
a thickness direction in the domain are inclined, is inclined at
45 degrees to an exposure direction, if a signal voltage is
applied to a completed liquid crystal display panel, the liquid
crystal molecules are tilted toward 4 directions orthogonal to
one another. The pretilt angle is not particularly limited, but it
is preferable to limit the pretilt angle from 85 degrees to less
than 90 degrees in the 4 VATN mode from the viewpoint of
increasing the transmittance of the liquid crystal display
panel.

Next, two polarizers are bonded to the outer surfaces of
both substrates in such a way that absorption axes of two
polarizers are perpendicular to each other and the absorption
axis of one polarizer is parallel to the scanning signal line or
the data signal line of the TFT array substrate in viewing the
substrate from above. Thereby, when a voltage applied
between the substrates is a threshold value or less (off state),
since the liquid crystal molecules are aligned substantially
perpendicularly to the alignment layer, the liquid crystal dis-
play panel can realize good black display. Further, the liquid
crystal display panel can exhibit a display characteristic inde-
pendent of a viewing direction since it has a domain in which
liquid crystal molecules respond toward 4 directions.

Thereafter, the step of producing a module is performed by
the usual method and thereby a liquid crystal display device in
the present embodiment can be completed. Thus, in accor-
dance with the present embodiment, the deterioration of dis-
play quality dueto the influence of dust on the photo mask can
be inhibited because the exposure is performed while the
photo mask is moved at a constant speed.

Inthe present embodiment, an aspect of exposing the align-
ment layer while the photo mask is moved is mainly
described, but it is needless to say that an aspect of exposing
the alignment layer while the substrate (stage) is moved
achieves a similar effect. However, in this case, it is necessary
to set an exposure region increased in size by at least the
length of a moving distance of the substrate in a moving
direction of the substrate.

In the present embodiment, if exposing the alignment layer
while the relative position of the photo mask with respect to
the substrate is changed, the alignment layer will be exposed
while a position of dust projected onto the substrate is moved.
Therefore, in the present embodiment, the exposure may be
performed while the photo mask and the substrate are moved
together unless the photo mask and the substrate are moved at
the same speed in the same direction.

Furthermore, the present embodiment can be also applied
to a case where one display region is divided and the divided
region is exposed in order to fabricate liquid crystal display
devices of very large size such as a 65-inch display. That is,
even when the display region formed on the substrate is
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divided into two or more exposure regions, for example, four
regions and the alignment layer is exposed for every region, a
substrate of large size can be exposed with inhibiting the
deterioration of display quality due to the influence of dust by
exposing so as not to produce a gap between the exposure
regions in the FIGS. 1 and 2.

Embodiment 2

Hereinafter, Embodiment 2 of the production method of a
liquid crystal display device of the present invention will be
described. In the present embodiment, since the content is
similar to Embodiment 1 except for a method of exposing the
substrate, Embodiment 2 will be described with reference to
FIG. 3 described in Embodiment 1 and the content overlap-
ping between Embodiments 1 and 2 will be omitted.

A method of exposure in the present embodiment is a
method in which the first shot and the second shot in Embodi-
ment | are divided into shots of more than once to perform
exposure. That is, in the present embodiment, as shown in
FIG. 3, the photo mask is positioned relative to the TFT array
substrate as with Embodiment 1, and then a first exposure is
performed in a state of resting the photo mask and the sub-
strate. The photo mask is moved preferably by 1 mm or longer
in the same direction as in Embodiment 1 and then a second
exposure is performed for the same domain. Thereafter, a
similar exposure is performed for the CF substrate. Thereby,
since an unexposed region due to the transfer of dust is not
generated, the deterioration of display quality due to the dust
can be inhibited.

In the present embodiment, the number of times of division
of the exposure (divided into exposures of more than once)
may be appropriately set not limited to twice, but if the num-
ber of times of movement (number of divided exposures) is
increased, the influence of the transfer of dust can be more
mitigated, and it is preferable that the number of times of
exposure and movement is as large as possible. For example,
when the first shotis divided into shots of ten times to perform
the exposure, since an exposure amount in a region (region of
low exposure), to which the dust is transferred and in which
an exposure amount is small, becomes 90% of an exposure
amount in a normal region, the display quality is not particu-
larly affected.

In the present embodiment, the photo mask may be moved
in a direction which is not approximately parallel to but
approximately perpendicular to the direction of a long side
(longitudinal direction) of the light-transmitting area, and
then the second shot may be performed. However, in this case,
it is preferable to increase the number of light-transmitting
areas to be formed in accordance with a moving distance of
the photo mask. Specifically, if the photo mask is moved by
subpixel pitch in one direction perpendicular to the direction
of a long side of the light-transmitting area and is ultimately
shifted the N (N: natural number) subpixel pitches, it is pref-
erableto locate the light-transmitting areas more than number
of the subpixels in a range of the moving direction of the
photo mask by at least N. Thereby, the exposure can be
divided in such a manner that the light-transmitting areas are
continuous in a display region to be exposed. In the present
embodiment, the photo mask may be moved in a slanting
direction relative to the direction of a long side (longitudinal
direction) of the light-transmitting area, and then the second
shot may be performed. However, also in this case, it is
preferable to increase the number of light-transmitting areas
and lengthen the length of the direction of a long side (longi-
tudinal direction) of the light-transmitting area in accordance
with a moving distance of the photo mask. In the photo mask
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of the present embodiment, as described above, a size of a
region on the side opposite to amoving direction, in which the
light-transmitting area is located, is preferably larger than a
size of a display region to be exposed at the time of exposure.

Embodiment 3

Hereinafter, Embodiment 3 of the production method of a
liquid crystal display device of the present invention will be
described with reference to FIG. 8. FIG. 8 is a schematic
perspective view for illustrating an exposure aspect of the
TFT array substrate in the present embodiment, and FIG. 8(a)
is a view showing an exposure aspect in the first shot and FIG.
8(b) is a view showing an exposure aspect in the second shot.
In the present embodiment, since the content is similar to
Embodiment 1 except for a method of exposing the substrate,
the content overlapping between Embodiments 1 and 3 will
be omitted. Further, a member having the same form as in
Embodiment 1 is denoted by the same reference numeral.

A method of exposing a substrate in the present embodi-
ment will be described. First, the photomask is positioned
relative to the TFT array substrate as with Embodiment 1, and
then as shown in FIG. 8(a), the first shot is performed in a state
of resting the photo mask and the substrate to form one
domain. In this time, an unexposed region 30 is generated in
the subpixel 32A due to the influence of the transfer of the
dust 26 adhering to the vicinity of the light-transmitting area
24 of the photo mask.

Next, as shown in FIG. 8(5), the photo mask is moved by
the (N+0.5) subpixel pitches in a direction approximately
perpendicular to the direction of a long side (longitudinal
direction) of the light-transmitting area. Thereafter, by per-
forming the second shot for an unexposed region of the sub-
pixel, exposure (an aligning treatment) for the substrate is
completed. In this time, an unexposed region 30 is generated
in the subpixel 32B due to the influence of the transfer of the
dust adhering to the photo mask.

As described above, in the present embodiment, the unex-
posed region is generated by the influence of dust. However,
since the dust is moved by the (N+0.5) subpixel pitches by
moving the photo mask by the (N+0.5) subpixel pitches, the
generation of the unexposed region in the same subpixel can
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where the photo mask is moved right (wherein the term right
indicates a right direction in a drawing of FIG. 8) relative to
the substrate will be described as an example. Preferably, in
the 1st shot, the light-transmitting area at the far left (wherein
the term left indicates a left direction in a drawing of FIG. 8)
of the photo mask is not aligned with aleft half of the subpixel
at the far left of a region to be exposed, but in the 1st shot, the
left half of the subpixel at the far left of the region to be
exposed is exposed using a light-transmitting area of the
photo mask which is a N-th light-transmitting area or more
from the far left of the photo mask so that when the photo
mask is moved by (N+0.5) subpixel pitches in the 2nd shot,
the light-transmitting area of the photo mask is also aligned
with a right half of the subpixel at the far left of the region to
be exposed. Furthermore, in the present embodiment, the
photo mask may be moved diagonally relative to the direction
ofalong side (longitudinal direction) of the light-transmitting
area so as to move by (N+0.5) subpixel pitches to a direction
approximately perpendicular to the direction of a long side
(longitudinal direction) of the light-transmitting area and then
the 2nd shot may be carried out.

In the present embodiment, a value of N is not particularly
limited, but the value of N is preferably larger since unex-
posed regions are further away from each other. Further,
generally, one subpixel is a pixel of any one color of red (R),
green (G) and blue (B), and one pixel is composed of three
colorsof R, Gand B. Accordingly, in the case of color display,
the value of N is preferably 3 or more so that a plurality of
unexposed regions does not exist in the same pixel.

With reference to Table 2, the number of pixels contained
in a range of the moving distance of the photo mask or the
substrate in the present embodiment will be described. Table
2 is a table showing a distance in moving the photo mask or
the substrate by (0.5+N) subpixel pitches (N=3, 10, 20). As
shown in Table 2, in each case, if the moving distance of the
photo mask (substrate) is 0.5 mm or longer, the photo mask or
the substrate is moved by 3 pitches or longer of the subpixel,
that s, 1 pixel pitch or longer. Therefore, it is understood that
the relative position of the photo mask with respect to the
substrate is preferably moved by 0.5 mm or longer in the
present embodiment.

TABLE 2
Sub pixel Moving distance of
Display size R (or  mask (N +0.5) of sub
The number area B, G) pixel (mm)

Size  Format of pixels (mm) (mm) N=3 N=10 N=20
32" WXGA 1366 x768  697.6845 x 392.256 0.17 0.60 1.79 3.49
37" WXGA 1366 x 768 819.6 x 460.8 0.20 0.70  2.10 4.10
37" HDTV 1920 x 1080 819.6 x 460.8 0.14 050  1.49 2.92
45" HDTV 1920 x 1080 985.92 x 554.58 0.17 0.60  1.80 3.51
65"  HDTV 1920 x 1080 1428.4 x 803.52 0.25 0.87  2.60 5.08

be inhibited. Accordingly, the present embodiment can mini-
mally inhibit the influence of the unexposed area.

In the photo mask of the present embodiment, as with
Embodiment 2, a size of a region on the side opposite to a
moving direction, in which the light-transmitting area is
located, is preferably larger than a size of a display region to
be exposed at the time of exposure. More specifically, in the
present embodiment, in order to shift the photo mask by the
(0.5+N) subpixel pitches, it is preferable that number of the
light-transmitting areas of the photo mask be more than the
number of the subpixels located in an exposure region in a
moving direction of the photo mask by at least N. Here, a case
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In the present invention, the distance by which the photo
mask or the substrate is moved may be 1 pitch or longer of the
pixel and can be set in accordance with a desired domain
design. Therefore, the present embodiment may be an expo-
sure aspect in which for example, using a photo mask whose
light-transmitting area and light-blocking area have a width
of about a quarter of the subpixel pitch, respectively. the first
shot 1s performed and then the photo mask is moved by the
(N+0.25) subpixel pitches and the second shot is performed.

This application claims priority based on the Paris Con-
vention or laws in a country where application is translated
based on Japanese patent application number 2006-124426
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filed on Apr. 27, 2006. The content of the application is herein
incorporated by reference in its entirety.

BRIEF DESCRIPTIONS OF THE DRAWINGS

FIG. 1 is a schematic perspective view of an exposure
device in Embodiment 1.

FIG. 2 is a schematic plan view of a substrate in Embodi-
ment 1.

FIG. 3 is a schematic perspective view for illustrating an 10
exposure aspect of a TFT array substrate in Embodiment 1,
and FIG. 3(a) is a view showing a state before exposure and
FIG. 3(b) is a view showing a state of exposing.

FIG. 4 is a schematic perspective view for illustrating an
exposure aspect of a CF substrate in Embodiment 1, and FIG.
4(a) is a view showing a state before exposure and FIG. 4(b)
is a view showing a state of exposing,.

FIG. 5(a) is a schematic plan view of the TFT array sub-
strate in Embodiment 1 and FIG. 5(b) is a schematic plan view
of the CF substrate in Embodiment 1.

FIGS. 6(a) and 6(b) are conceptual views showing a
change in the moving speed with time of a photo mask or a
stage in Embodiment 1.

FIG. 7 is aconceptual view showing a relationship between
four domains and directions of exposure in a subpixel in
Embodiment 1.

FIG. 8 is a schematic perspective view for illustrating an
exposure aspect of a TFT array substrate in Embodiment 3,
and FIG. 8(a) is a view showing an exposure aspect in the first
shotand FIG. 8(b) is a view showing an exposure aspectinthe
second shot.

FIG. 9 is a schematic perspective view for illustrating an
exposure aspect of a substrate by a conventional method.

FIG. 10 is a schematic perspective view for illustrating an
exposure aspect of a substrate by another conventional
method.
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EXPLANATION OF SYMBOLS

11: TFT

12: pixel electrode

13: black matrix (BM)

14: color filter

14R: red (R) filter

14G: green (G) filter

14B: blue (B) filter

15: scanning signal line

16: data signal line

17: BM above a scanning line

18: BM above a data line

20: exposure device

21: stage

22: light source part

23: photo mask

24: light-transmitting area

25: substrate

26: dust

27a,27b, 27¢, 274 display region

28: parallel rays

29: light-blocking area

30: unexposed region

31: region of a low exposure

32: pixel

32A, 32B: subpixel

The invention claimed is:

1. A production method for a liquid crystal display device
in whichan alignment layer is provided on a substrate and two
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or more domains are formed in each of a plurality of pixels in
adisplay region by exposing the alignment layer, comprising:
wherein the production method includes an exposure step
of exposing the alignment layer through a photo mask in
which a plurality of light-transmitting areas are located
in a stripe pattern,
wherein the exposure step is a step of exposing the align-
ment layer continuously while a relative position of the
photo mask with respect to the substrate at the time of
viewing a substrate surface from the front is moved in a
longitudinal direction of the light-transmitting areas,
and
wherein in the photo mask, a length in the longitudinal
direction of the light-transmitting area is longer than a
length of a display region to be exposed at the time of
exposure in a direction parallel to the longitudinal direc-
tion of the light-transmitting area.
2. The production method according to claim 1, wherein
the exposure step is a step of exposing the alignment layer
while the relative position of the photo mask with respect to
the substrate is moved in one direction.
3. The production method according to claim 1, wherein in
the exposure step, the alignment layer is exposed while the
photo mask and/or the substrate are/is moved at a constant
speed.
4. The production method according to claim 1, wherein in
the exposure step, the display region is divided into two or
more exposure regions and the alignment layer in each of the
two or more exposure regions is exposed through the photo
mask.
5. The production method according to claim 1, wherein
the production method comprising the steps of:
forming two domains partitioned in a stripe pattern in the
pixel of the display region by exposing the alignment
layer twice in each pixel in directions parallel to and
opposite to each other over a plurality ofthe pixels in one
substrate through a photo mask, the photo mask includ-
ing the plurality of light-transmitting areas located in a
stripe pattern;
forming two domains partitioned in a stripe pattern in the
pixel of the display region by exposing the alignment
layer twice in each pixel in directions parallel to and
opposite to each other over a plurality of the pixels in the
other substrate through a photo mask, the photo mask
including the plurality of light-transmitting areas
located in a stripe pattern;
bonding the one substrate to the other substrate in such a
way that the direction of exposure for the one substrate is
perpendicular to the direction of exposure for the other
substrate and the alignment layer on the one substrate
faces the alignment layer on the other substrate; and

injecting liquid crystal molecules having negative dielec-
tric anisotropy between the substrates,

wherein the liquid crystal molecules are aligned substan-

tially perpendicularly to surfaces of the alignment layers
when a voltage less than a threshold value is applied
between the substrates.

6. The production method according to claim 1, wherein
the liquid crystal display device includes a pair of substrates
and a liquid crystal layer arranged between the substrates,

the liquid crystal layer contains liquid crystal molecules

having negative dielectric anisotropy,

the alignment layers are each provided on a surface on the

liquid crystal layer side of each the pair of substrates,
and the liquid crystal molecules are aligned substantially
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perpendicularly to surfaces of the alignment layers when
a voltage less than a threshold value is applied between
the substrates, and

the liquid crystal display device has four domains, and in
the four domains, alignment directions of the liquid 5
crystal molecules near the alignment layer provided on
one substrate is perpendicularly to alignment directions
of the liquid crystal molecules near the alignment layer
provided on the other substrate at the time of viewing a
substrate surface from the front, and when a voltage less 10
than a threshold value is applied between the pair of
substrates, alignment directions of the liquid crystal
molecules at the center and near the center of the liquid
crystal layer are different in such a way that the align-
ment directions are perpendicular to each other. 15
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