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(57) ABSTRACT

The present invention provides a method for manufacturing
a liquid crystal display device, which hardly causes display
unevenness in joining parts in which mutually neighboring
exposure regions are overlapped upon carrying out a photo-
alignment treatment for forming a horizontal alignment film.
The method for manufacturing a liquid crystal display
device of the present invention includes a step of forming a
horizontal alignment film by carrying out a photo-alignment
treatment of irradiating a photo-alignment film material
applied to at least one substrate of a pair of substrates with
polarized light, wherein the photo-alignment treatment is
carried out by exposure to a plurality of regions of one
substrate surface; two neighboring regions among the plu-
rality of regions to be exposed include an overlapped part;
an irradiation amount of the polarized light to the overlapped
part is gradually lowered in one of the two neighboring
regions toward the other of the two neighboring regions; and
the overlapped part of the two neighboring regions has a
width of 20 mm or wider.
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METHOD FOR MANUFACTURING LIQUID
CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a method for
manufacturing a liquid crystal display device. More specifi-
cally, the present invention relates to a method for manu-
facturing a liquid crystal display device in which a polymer
layer for improving properties is formed on a horizontal
alignment film formed by a photo-alignment treatment.

BACKGROUND ART

[0002] A liquid crystal display (LCD) device is a display
device that controls the alignment of birefringent liquid
crystal molecules to control the transmission/shielding of
light (on/off of display). Examples of display modes of LCD
include a vertical alignment (VA) mode in which liquid
crystal molecules having negative anisotropy of dielectric
constant are aligned vertically to a substrate surface; an
in-plane switching (IPS) mode and a fringe field switching
(FES) mode, in which liquid crystal molecules having
positive or negative anisotropy of dielectric constant are
aligned horizontally to a substrate surface to apply a hori-
zontal electric field to a liquid crystal layer.

[0003] Among these, in a multi-domain vertical alignment
(MVA) mode in which liquid crystal molecules having
negative anisotropy of dielectric constant are used and a rib
or a slit of an electrode is provided as an alignment regu-
lating structure, a liquid crystal alignment direction during
voltage application can be controlled in plural directions
without subjecting an alignment film to a rubbing treatment,
and thus viewing angle characteristics are superior. How-
ever, in an MVA-LCD of the related art, an upper side of a
rib or an upper side of a slit is the boundary of alignment
division of liquid crystal molecules, the transmittance during
white display is low, dark lines are observed in the display,
and thus there is room for improvement.

[0004] In contrast, as a method for obtaining a high-
luminance and high-speed response LCD, alignment stabi-
lization techniques using a polymer (hereinafter, also
referred to as “polymer sustained (PS) technique”) have
been suggested (for example, refer to Patent Literatures 1 to
8). Among these, in pre-tilt angle imparting techniques using
a polymer (hereinafter, also referred to as “polymer sus-
tained alignment (PSA) technique”), polymerizable compo-
nents such as polymerizable monomers and oligomers are
mixed to obtain a liquid crystal composition; the liquid
crystal composition is sealed between substrates; and the
monomers are polymerized to form a polymer in a state
where liquid crystal molecules are tilted by applying a
voltage between the substrates. As a result, the liquid crystal
molecules have a certain pre-tilt angle even after the voltage
application is stopped, and thus the alignment direction of
the liquid crystal molecules can be regulated to be uniform.
The monomers are selected from materials which are polym-
erizable by heat, light (ultraviolet rays), or the like. In
addition, the liquid crystal composition may contain a
polymerization initiator for initiating the polymerization of
monomers (for example, refer to Patent Literature 4).
[0005] Examples of other liquid crystal display elements
using a polymerizable monomer include polymer dispersed
liquid crystal (PDLC) and polymer network liquid crystal
(PNLC) (for example, refer to Patent Literature 9). These
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elements include a polymer which is formed by adding a
polymerizable monomer to liquid crystal and irradiating the
mixture with ultraviolet rays or the like; and perform light
scattering switching by using the matching and non-match-
ing of refractive indices between the liquid crystal and the
polymer. In addition, examples of the other liquid crystal
display elements include polymer-stabilized ferroelectrics
liquid crystal (FLC) phase (for example, refer to Patent
Literature 10), and polymer-stabilized optically compen-
sated bend (OCB) (for example, refer to Non Patent Litera-
ture 1).

[0006] Meanwhile, in recent years, as a technique for
obtaining superior viewing angle characteristics, a photo-
alignment technique is investigated in which the liquid
crystal alignment direction during voltage application can be
controlled in plural directions without subjecting an align-
ment film to a rubbing treatment and thus superior viewing
angle characteristics can be obtained. The photo-alignment
technique is a technique in which a photoactive material is
used to form an alignment film; and the formed film is
irradiated with light rays such as ultraviolet rays to impart an
alignment regulating force to the alignment film (for
example, refer to Patent Literature 11).

[0007] Further, in the case of employing the photo-align-
ment technique, investigations are made on a liquid crystal
display device of a VATN mode for realizing display with
excellent viewing angle characteristics by forming two or
more domains with different alignment directions of liquid
crystal molecules in one pixel region (for example, refer to
Patent Literature 12). Patent Literature 12 discloses a means
for dividing an exposure region in one substrate into a
plurality of regions, and adjusting exposure amount in the
joining parts of the regions while paying attention to the fact
that exposure cannot be carried out all at once through one
process particularly in a case where a liquid crystal display
device is large in size.

[0008] Recently, when the photo-alignment technique is
used in combination with the polymer stabilization tech-
niques using a polymer, a research on a method of suppress-
ing hysteresis has been disclosed (for example, refer to Non
Patent Literatures 2 and 3). Non Patent Literatures 2 and 3
disclose a configuration of adjusting the concentration of a
monomer which is mixed with liquid crystal in an IPS mode
cell in which one substrate is subjected to a rubbing treat-
ment and the other substrate is subjected to a photo-align-
ment treatment.
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SUMMARY OF INVENTION

Technical Problem

[0024] As illustrated in Patent Literature 12, in the case of
realizing a photo-alignment treatment for a large size sub-
strate, it is necessary to carry out the treatment while
dividing one substrate into a plurality of exposure regions in
terms of the size of a light source and the apparatus size.
However, based on the investigations carried out by the
present inventors, in the case of division exposure for
forming a horizontal alignment film, it was found that
unevenness in the joining parts may not be sufficiently
solved only by simply using a means for adjusting the
exposure amount for the joining parts of a plurality of
exposure regions when a conventional vertical alignment
film was formed.

[0025] The present invention has been made in consider-
ation of such circumstances, and an object thereof is to
provide a method for manufacturing a liquid crystal display
device, which hardly causes display unevenness in joining
parts in which mutually neighboring exposure regions are
overlapped upon carrying out a photo-alignment treatment
for forming a horizontal alignment film.

Solution to Problem

[0026] In the case of forming a horizontal alignment film
by carrying out a photo-alignment treatment for dividing an
exposure region into a plurality of regions, the present
inventors made various investigations on conditions for
eliminating joining parts among the plurality of exposure
regions and paid attention to a point that it is necessary to
calculate an optimum value in consideration of the limit of
the precision of polarizing plate installation in an exposure
apparatus and the limit of the precision of bonding of a
polarizing plate to a liquid crystal display panel.

[0027] As a result of thorough investigation, it was found
that display unevenness in the joining parts was made hardly
visible by adjusting the width of the joining parts to 20 mm
or wider when the exposure region was divided into a
plurality of regions and joining parts were formed in the
respective regions. Hereinafter, the results of the investiga-
tion will be described in detail.

[0028] FIG. 1 is a perspective view schematically illus-
trating the process for carrying out a photo-alignment treat-
ment 1o a substrate surface to which a horizontal alignment
film material is applied. When the photo-alignment treat-
ment is carried out while forming joining regions, for
example, as illustrated in

[0029] FIG. 1, it is preferable to emit light to the surface
of a substrate 14 through a polarizing plate 12 and an
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illuminance adjustment plate 13 from a light source 11. The
light emitted from the light source 11 becomes polarized
light at the time of passing through the polarizing plate 12
and the illuminance intensity of light applied to the surface
of the substrate 14 is adjusted by the illuminance adjustment
plate 13. The illuminance adjustment plate is a member
capable of chanting the intensity of light transmitted depend-
ing on a region, and its both end parts are contrived to lower
the intensity of light transmitted (hereinafter, also referred to
as gray tone region). The gray tone regions are configured so
as to lower the intensity of light transmitted toward the
terminals of the illuminance adjustment plate 13 by contriv-
ance of, for example, lessening the number of slits, narrow-
ing the area of slits, making the thickness of a light shielding
member thin, or the like. The gray tone regions are arranged
so as to overlap with the portions to be a joining part in the
neighboring exposure regions. Specifically, the region sur-
rounded by the a line and the b line is a region to be a joining
part in FIG. 1, a region overlapping with a gray tone region.

[0030] FIG. 2 and FIG. 3 are a schematic view and a graph
illustrating the irradiation intensity of light in an exposure
region. FIG. 2 illustrates first time exposure, and FIG. 3
illustrates second time exposure. The ranges illustrated in
FIG. 2 and FIG. 3 represent the same region and the range
illustrated by a double-headed arrow in FIG. 2 is a first time
exposure region and the range illustrated by a double-headed
arrow in FIG. 3 is a second time exposure region. Herein,
scanning exposure in which one or both of a light source and
a substrate is/are transferred to one direction is assumed. The
direction shown with the thick arrow in the drawings is the
scanning direction.

[0031] Adjustment is performed in a manner such that, as
illustrated in the graph of FIG. 2, the irradiation intensity in
the joining region is gradually lowered toward the b point
from the a point in the first time exposure, and as illustrated
in the graph of FIG. 3, the irradiation intensity is gradually
increased toward the b point from the a point in the second
time exposure. The intensity of light transmitted through a
region where no gray tone region is formed in the illumi-
nance adjustment plate is even. The variation of the irradia-
tion intensity between the a point and the b point is based on
a sine function. This makes no clear point of change of the
irradiation intensity, and hardly causes generation of display
unevenness.

[0032] First, investigations are made, assuming a test
screen illustrated in FIG. 4. T1 is a region exposed at first
time and T2 is a region exposed at second time. T1 and T2
are partially overlapped with each other, and the overlapped
region of T1 and T2 (the region surrounded by two dotted
lines in FIG. 4) is a joining region.

[0033] T1 and T2 were set so as to have different lumi-
nance from each other. The width of the joining region was
defined as L. mm. The value of luminance T in a position P
is represented by the following formula, and the luminance
in the overlapped region of T1 and T2 (joining region) was
regarded to be changed smoothly.

T(P)=)(T2-T1)/(T2+ T1)x2xsin((P/L)x90°)

P is an arbitrary value in a range from O to L.

[0034] The reason for employing the sine function is that
the differential coefficient is 0 at the both ends and T(P) is
an monotonous increase, and thus the luminance can be
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changed smoothly. A test was carried out by simulatively
displaying an image based on such a test screen on a 32 inch
liquid crystal television.

[0035] Specifically, each of the display screen with an L
value changed by changing the values of T1 and T2 is
observed by 36 panelists, and the number of people who can
detect the boundary of T1 and T2 is investigated to deter-
mine good (not detected) or poor (detected) in accordance
with the threshold of 60%.

[0036] FIG. 5 is a graph illustrating the result of the
above-mentioned investigation. As a result of the investiga-
tion, it was found that the variation should be suppressed to
3.8% or lower in a case where the joining width is 20 mm;
the variation should be suppressed to 8.7% or lower in a case
where the joining width is 45 mm; and the variation should
be suppressed to 16.2% or lower in a case where the joining
width is 77 mm. A curve in FIG. 5 is obtained by plotting
these results in a graph and linking the respective points.
That is, a relation of the joining width and the variation in
the detection limit can be read from the curve in FIG. 5, and
the range above the curve shows poor results and the range
under the curve shows good results.

[0037] FIG. 6 is a graph illustrating a relation of the
angular difference between the alignment direction and the
axial direction of a polarizing plate and the contrast ratio.
FIG. 7 is a graph illustrating the variation (%) of the contrast
ratio based on the angular difference between the alignment
direction and the axial direction of a polarizing plate calcu-
lated in accordance with FIG. 6. Based on the investigations
made by the present inventors, the installation accuracy of
the axial direction of a polarizing plate in an exposure
apparatus was limited to =0.1°. The bonding accuracy of a
polarizing plate to a liquid crystal display was limited to
+0.1°. Accordingly, it is necessary to assume that the angular
difference between the alignment direction and the axial
direction of a polarizing plate is £0.2°. According to FIG. 7,
the variation of the contrast ratio is 3.8% when the angular
difference between the alignment direction and the axial
direction of a polarizing plate is 0.2°. As a result, it is
understood that the overlapping width of joining parts in
irradiation regions needed to sufficiently lower the display
unevenness is 20 mm or wider. Consequently, the present
inventors have arrived at being capable of splendidly soling
the above-mentioned problems, and have completed the
present invention.

[0038] That is, one aspect of the present invention is a
method for manufacturing a liquid crystal display device
including a step of forming a horizontal alignment film by
carrying out a photo-alignment treatment of irradiating a
photo-alignment film material applied to at least one sub-
strate of a pair of substrates with polarized light, wherein the
photo-alignment treatment is carried out by exposure to a
plurality of regions of one substrate surface, two neighbor-
ing regions among the plurality of regions to be exposed
include an overlapped part, an irradiation amount of the
polarized light to the overlapped part is gradually lowered in
one of the two neighboring regions toward the other of the
two neighboring regions, and the overlapped part of the two
neighboring regions has a width of 20 mm or wider.
[0039] The configuration of the method for manufacturing
a liquid crystal display device is not especially limited by
other components as long as it essentially includes such
components. Hereinafter, the method for manufacturing a
liquid crystal display device and preferable methods thereof
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will be described in detail. In addition, methods performed
by combining two or more of preferable methods as the
method for manufacturing a liquid crystal display device
described below are also included as a preferable method for
manufacturing a liquid crystal display device.

[0040] The method for manufacturing a liquid crystal
display device includes a step of forming a horizontal
alignment film by carrying out a photo-alignment treatment
of irradiating a photo-alignment film material applied to at
least one substrate of a pair of substrates with polarized
light. Preferably a horizontal alignment film material is
applied to both substrates of the pair of substrates. The
photo-alignment film is a polymer film which has the
properties of obtaining anisotropy and an alignment regu-
lating force to liquid crystal when being irradiated with
polarized light or non-polarized light. In the present inven-
tion, as light to be used for the photo-alignment treatment,
polarized light is used. A material activated by light irradia-
tion is used as the photo-alignment film material.

[0041] It is preferable that the photo-alignment material
contain at least one chemical structure selected from a group
consisting of terphenyl derivatives, naphthalene derivatives,
phenanthrene derivatives, tetracene derivatives, spiropyran
derivatives, spiroperimidine derivatives, viologen deriva-
tives, diarylethene derivatives, anthraquinone derivatives,
azobenzene derivatives, cinnamoyl derivatives, chalcone
derivatives, cinnamate derivatives, coumarin derivatives,
stilbene derivatives, and anthracene derivatives. A benzene
ring contained in these derivatives may be a heterocyclic
ring. Herein, “derivatives” means compounds substituted
with a specified atom or functional group; and compounds in
which a monovalent or divalent or higher functional group
is incorporated into a molecular structure. These derivatives
may be present in a molecular structure of a main chain of
a polymer or in a molecular structure of a side chain of a
polymer; and may be a monomer or an oligomer. When a
monomer or oligomer including such a photoactive func-
tional group (preferably, 3% by weight or greater) is con-
tained in the photo-alignment film material, a polymer
constituting the photo-alignment film may be photoinactive.
In terms of heat resistance, the polymer constituting the
photo-alignment film is preferably polysiloxane, polyamide
acid, or polyimide.

[0042] The photo-alignment film material may be a poly-
mer alone or a mixture containing additional molecules
together with a polymer as long as it has the above-described
properties. For example, a low-molecular-weight compound
such as an additive or a photoinactive polymer may further
be added to a polymer including a photoalignable functional
group. For example, an additive including a photoalignable
functional group may be added to a photoinactive polymer.
The photo-alignment film material is selected from materials
which cause photodissociation, photoisomerization or pho-
todimerization. Normally, as compared to photodissociation,
photoisomerization and photodimerization can perform
alignment with light with a longer wavelength and a smaller
irradiation amount and thus are superior in mass production.
[0043] That s, it is preferable that the material forming the
photo-alignment film includes either or both of a photoi-
somerizable functional group and a photodimerizable func-
tional group. Representative examples of the materials
which cause photoisomerization and photodimerization
include azobenzene derivatives, cinnamoyl derivatives,
chalcone derivatives, cinnamate derivatives, coumarin
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derivatives, diarylethene derivatives, stilbene derivatives,
and anthracene derivatives. Representative examples of the
materials which cause photodissociation include materials
containing a cyclobutane skeleton. A benzene ring contained
in these photoreactive functional groups may be a hetero-
cyclic ring.

[0044] In addition, it is more preferable that the photoi-
somerizable functional group or the photodimerizable func-
tional group be a cinnamate group or a derivative thereof.
The cinnamate group is excellent particularly in reactivity at
the time of executing the photo-alignment treatment.
[0045] The alignment film formed by carrying out the step
of irradiating the photo-alignment film material with light is
a horizontal alignment film. The horizontal alignment film
refers to a film which aligns liquid crystal molecules adja-
cent to the horizontal alignment film substantially horizon-
tally to a surface of the horizontal alignment film. The
alignment regulating force by the horizontal alignment film
is determined mainly by the kinds of the photo-alignment
film material (photofunctional group), and the alignment
direction of liquid crystal molecules, the degree of a pre-tilt
angle and the like can be adjusted by the kind of light, the
irradiation time of light, the irradiation intensity of light, the
kind of a photofunctional group, and the like. Examples of
a liquid crystal display device produced by the method for
manufacturing a liquid crystal display device include the IPS
mode, the FFS mode, the OCB mode, a twisted nematic
(TN) mode, a super twisted nematic (STN) mode, the FLC
mode, an anti-Ferroelectric (AFL.C) mode, the PDLC mode,
and a polymer network liquid crystal (PNLC) mode. Among
these, the IPS mode, or the FFS mode is more preferable
because the desired alignment can be achieved by one step
of polarized light irradiation from the front surface of a
substrate and thus the process is simple and mass produc-
tivity is superior.

[0046] In the alignment mode, in order to improve view-
ing angle characteristics, it is preferable that at least one
substrate of the pair of substrates includes a multidomain
structure. The multidomain structure refers to a structure in
which there are plural regions including different alignment
forms (for example, bend directions in the OCB mode or
twist directions in the TN and STN mode) or different
alignment directions of liquid crystal molecules during
either or both voltage application and non-voltage applica-
tion. In order to obtain a multidomain structure, it is nec-
essary that either or both processes including a process of
actively patterning an electrode into an appropriate form;
and a process of irradiating a photoactive material with light
using a photo mask or the like be performed.

[0047] The photo-alignment treatment is carried out by
exposure to a plurality of regions of one substrate surface,
two neighboring regions among the plurality of regions to be
exposed include an overlapped part, an irradiation amount of
the polarized light to the overlapped part is gradually
lowered in one of the two neighboring regions toward the
other of the two neighboring regions. In the above verifi-
cation test, a sine function is employed, but the tendency of
the irradiation amount is the same as above, and in the
present invention, the variation of the irradiation amount in
the overlapped part of the two neighboring regions may
satisfy, for example, a linear function as long as the tendency
of the irradiation amount of the respective polarized light in
the overlapped part of the two neighboring regions satisfies
the above conditions. However, in terms of attainment of
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more smooth variation, it is preferable that the variation of
the irradiation amount in the overlapped part of the two
neighboring regions satisfy a sin function. This makes no
clear point of change of the irradiation intensity, and hardly
causes generation of display unevenness.

[0048] The overlapped part of the two neighboring regions
has a width of 20 mm or wider. As described above, display
unevenness in the joining regions is made hardly visible
even if successive exposure is carried out, that is, exposure
is carried out a plurality of times, for a horizontal alignment
film while forming partially overlapped parts by setting such
conditions. In terms of prevention of display unevenness, as
the width of the overlapped part of the two neighboring
regions is wider, the better result can be achieved.

[0049] The overlapped part of the two neighboring regions
is preferable to have a width of 65 mm or narrower. As
described above (as is understood from FIG. 5), in consid-
eration of a decrease of display unevenness in joining
regions, the display unevenness in joining regions is made
hardly generated by widening the overlapped part of the two
neighboring regions as much as possible. However, to
unnecessarily widen the width of the overlapped part of the
two neighboring regions is undesirable because (1) the
vainness in the exposure apparatus configuration is signifi-
cant and the apparatus cost becomes high; (2) a risk of lower
productivity and a risk of the probability of a decrease in
vield are generated due to an increase of the times of
exposure in the case of exposure with a single light source;
(3) arisk of occurrence of unevenness is increased due to an
increase in the number of light sources (the number of
overlapped parts) in a case where a plurality of light sources
are arranged; and the like. From such a viewpoint, it is
desirable to narrow the overlapped parts of neighboring
exposure regions as much as possible.

[0050] Based on the investigations made by the present
inventors, the installation accuracy of the axial direction of
a polarizing plate in an exposure apparatus is within at worst
+0.2°. The accuracy of bonding a polarizing plate is within
at worst x0.2°,

[0051] Accordingly, the angular difference between the
alignment direction and the axial direction of a polarizing
plate can be within at least £0.4°. According to FIG. 7, the
variation of the contrast ratio in the case of £0.4° is 13.5%,
and according to FIG. 5, in a case where the variation of the
contrast ratio is 13.5%, the joining width proper to suffi-
ciently eliminate the display unevenness is 65 mm. Conse-
quently, the overlapped width is sufficient to be 65 mm at
maximum, and in consideration of the above-mentioned
disadvantages, it is concluded that the width of 65 mm or
narrower is more preferable.

[0052] The method for manufacturing a liquid crystal
display device is preferable to include a step of forming a
polymer layer for controlling alignment of liquid crystal
molecules adjacent thereto on the horizontal alignment film
by irradiating a liquid crystal composition containing a
liquid crystal material and a monomer and being injected
between the pair of substrates with light to polymerize the
monomer. Hereinafter, the reason for this will be described
in detail.

[0053] The current photo-alignment technique is usually
introduced for mass-production of TVs using a vertical
alignment film for the VA mode and the like; and has not yet
been introduced for mass-production of TVs using a hori-
zontal alignment film for the IPS mode and the like. The
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reason is that, when a horizontal alignment film is used,
image sticking occurs to a large degree in liquid crystal
display. Image sticking is the phenomenon in which, when
the same amount of voltage is continuously applied to apart
of liquid crystal cell for a certain time and then the entire
display is changed to another one, luminance appears to be
different between portions to which a voltage is continu-
ously applied and portions to which a voltage is not applied.
[0054] FIG. 8 is a diagram schematically illustrating a
state of image sticking in a liquid crystal cell of an IPS mode
which is manufactured by performing a photo-alignment
treatment. As illustrated in FIG. 8, there is a large difference
in luminance between a voltage (AC) application portion
and a voltage (AC) non-application portion, and it is found
that image sticking occurs to an extremely large degree in
the voltage (AC) application portion.

[0055] Therefore, in order to prepare a liquid crystal cell
of the IPS mode obtained by using a photo-alignment
treatment, the present inventors investigated the introduction
of a polymer stabilization (PS) process of adding a polym-
erizable monomer to liquid crystal and polymerizing the
polymerizable monomer with heat or light to form a polymer
layer on the interface with a liquid crystal layer. FIG. 9 is a
diagram schematically illustrating a state of image sticking
in a liquid crystal cell of an IPS mode which is manufactured
by introducing a photo-alignment treatment and adopting the
PS process. As illustrated in FIG. 9, there is no difference in
luminance between a voltage (AC) application portion and
a voltage (AC) non-application portion, and it is found that
image sticking is reduced in the voltage (AC) application
portion. As described above, by adding the PS process to a
method of the related art, image sticking is significantly
reduced.

[0056] The present inventors have investigated in various
ways the reason why image sticking occurs to a large degree
particularly in a liquid crystal cell of the IPS mode, and have
found that there is a difference in the mechanism of image
sticking between a liquid crystal cell of the IPS mode and a
liquid crystal cell of the VA mode. Thus, in the VA mode,
image sticking occurs because the tilt in a polar angle
direction remains (is memorized) ; whereas, in the IPS
mode, image sticking occurs because the alignment in an
azimuth direction remains (is memorized) and an electric
double layer is formed. It was found that these phenomena
are caused by a material used for a photo-alignment film.
[0057] In addition, the present inventors have further
thoroughly investigated and found that the improvement
caused by the PS process is particularly effective when an
alignment film formed of a photoactive material is used. For
example, it was found that, when an alignment film formed
of a photoinactive material is subjected to a rubbing treat-
ment or is not subjected any alignment treatment, the
improvement caused by the PS process cannot be obtained.
[0058] According to the investigation by the present
inventors, the reason why the combination of the alignment
film formed of a photoactive material with the PS process is
preferable is as follows. FIG. 10 is a diagram for comparison
schematically illustrating a polymerization state of a polym-
erizable monomer when an alignment film formed of a
photoinactive material is subjected to the PS process, and
FIG. 11 is a diagram for comparison schematically illustrat-
ing a polymerization state of a polymerizable monomer
when an alignment film formed of a photoactive material is
subjected to the PS process. As illustrated in FIGS. 10 and
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11, in the PS process, a pair of substrates and a liquid crystal
composition with which a gap between the pair of substrates
is filled are irradiated with light such as ultraviolet rays; the
chain polymerization such as radical polymerization of
polymerizable monomers 33 and 43 in a liquid crystal layer
starts; and a formed polymer is deposited on surfaces of
alignment films 32 and 42 on the side of the liquid crystal
layer 30 to form a polymer layer (hereinafter, also referred
to as “PS layer”) for controlling the alignment of liquid
crystal molecules.

[0059] When the alignment film 42 is photoinactive, as
illustrated in FIG. 10, polymerizable monomers 43a in the
liquid crystal layer 30 which are excited by light irradiation
are uniformly generated in the liquid crystal layer 30.
Excited polymerizable monomers 435 are photopolymer-
ized, and polymer layers are formed by phase separation on
the interfaces between the alignment film 42 and the liquid
crystal layer 30. That is, in the PS process, there is a process
in which the polymerizable monomers 435 excited in the
bulk are photopolymerized and move to the interfaces
between the alignment film 42 and the liquid crystal layer
30. [0045]

[0060] On the other hand, when the alignment film 32 is
photoactive, as illustrated in FIG. 11, a larger amount of
polymerizable monomers 336 in the excited state are
formed. The reason is that the alignment film 32 absorbs
light when being irradiated with light and the excitation
energy thereof is transferred to polymerizable monomers
33a. Due to this excitation energy, the polymerizable mono-
mers 33a adjacent to the alignment film 32 are easily
changed to the polymerizable monomers 336 in the excited
state. That is, the polymerizable monomers 33« in the liquid
crystal layer which are excited by light irradiation are
concentrated on the vicinity of the interfaces between the
alignment film 32 and the liquid crystal layer 30, and a larger
amount of the polymerizable monomers 33a are present
thereon. Therefore, when the alignment film 32 is photoac-
tive, a process in which the excited polymerizable mono-
mers 33b are photopolymerized and move to the interfaces
between the alignment film 32 and the liquid crystal layer 30
is negligible. Therefore, a polymerization rate and a rate of
forming a polymer layer are improved, and thus a PS layer
having a stable alignment regulating force can be formed.

[0061] In addition, as a result of investigation, the present
inventors found that the image sticking reduction effect by
the PS layer is particularly effective for a horizontal align-
ment film rather than a vertical alignment film. The reason
is considered to be as follows. FIG. 12 is a diagram
schematically illustrating a state of a vertical alignment film
when polymerizable monomers are polymerized. FIG. 13 is
a diagram schematically illustrating a state of a horizontal
alignment film when polymerizable monomers are polym-
erized.

[0062] When analignment film is a vertical alignment film
as illustrated in F1G. 12, photoactive groups 52 included in
the vertical alignment film are in indirect contact with liquid
crystal molecules 54 and polymerizable monomers 53
through hydrophobic groups 55. Therefore, the transfer of
the excitation energy from the photoactive groups 52 to the
polymerizable monomers 53 is difficult.

[0063] On the other hand, when an alignment film is a
horizontal alignment film as illustrated in FIG. 13, photo-
active groups 62 included in the horizontal alignment film
are in direct contact with liquid crystal molecules 64 and
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polymerizable monomers 63. Therefore, the transfer of the
excitation energy from the photoactive groups 62 to the
polymerizable monomers 63 is easy. Therefore, a polymer-
ization rate and a rate of forming a polymer layer are
improved, and thus a PS layer having a stable alignment
regulating force can be formed.

[0064] Accordingly, when the PS process is performed in
a case where an alignment film is formed of a photoactive
material and the alignment film is a horizontal alignment
film, the transfer of the excitation energy is significantly
improved and image sticking can be reduced to a large
degree. Consequently, a liquid crystal display device with
lowered image sticking and excellent display characteristics
can be obtained.

[0065] A polymerizable functional group of the monomer
is preferable to be an acrylate group, a methacrylate group,
a vinyl group, a vinyloxy group, or an epoxy group. The
monomer is preferably a monomer which starts polymer-
ization (photopolymerization) by light irradiation or a mono-
mer which starts polymerization (thermal polymerization)
by heating. That is, the polymer layer is preferable to be
formed by photopolymerization or to be formed by thermal
polymerization. In particular, photopolymetrization is pref-
erable because polymerization can be easily initiated at
normal temperature. It is preferable that light used for the
photopolymerization is either or both of ultraviolet rays and
visible light.

[0066] The type of polymerization for forming the poly-
mer layer is not particularly limited, and examples thereof
include “step-growth polymerization” in which bifunctional
monomers are polymerized stepwise while forming a new
bond; and “chain polymerization” in which monomers are
sequentially bonded to active species generated from a small
amount of catalyst (for example, an initiator) and are grown
in a chain reaction. Examples of the step-growth polymer-
ization include polycondensation and polyaddition.
Fxamples of the chain polymerization include radical
polymerization and ionic polymerization (for example,
anionic polymerization and cationic polymerization).
[0067] The polymer layer can be formed on a horizontal
alignment film to stabilize the alignment regulating force of
the horizontal alignment film. As a result, image sticking in
display is significantly reduced and thus display quality can
be significantly improved. In addition, when monomers are
polymerized to form a polymer layer in a state where liquid
crystal molecules are aligned at a pre-tilt angle by applying
a threshold or higher voltage to a liquid crystal layer, the
polymer layer are formed to include a structure in which
liquid crystal molecules are aligned at a pre-tilt angle.

[0068] The monomer is preferable to be rod-like mol-
ecules in which an aromatic ring is present in the skeleton
and the aromatic ring is linear. In the case of rod-like
molecules, a structure similar to that of liquid crystal mol-
ecules is formed, and it is advantageous for the monomer to
be dissolved easily in liquid crystal. Examples of the mono-
mer including a skeleton to be rod-like molecules include
biphenyl-based monomers, naphthalene-based monomers,
phenanthrene-based monomers, and anthracene-based
monomers. A part or all of hydrogen atoms included in the
monomer may be substituted with a halogen atom, an alkyl
group, or an alkoxy group. A part or all of hydrogen atoms
included in the alkyl, or alkoxy group may be substituted
with a halogen atom.
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[0069] The monomer is preferable to be a monomer hav-
ing function of a polymerization initiator to be polymerized
by light irradiation. If an un-reacted monomer and a sub-
stance easy to bear electric charge like a polymerization
initiator remain in the liquid crystal layer, ionic impurities
are generated due to the effect of a back light unit in a
common use state after completion or the effect of aging
process for inspection after assembly, and it may probably
result in image sticking or display unevenness in liquid
crystal display. If a monomer having function of a polym-
erization initiator is used, since the monomer having func-
tion of a polymerization initiator itself becomes a compo-
nent for forming the polymer layer, the monomer does not
remain in the liquid crystal layer as an impurity after
completion of polymerization reaction. Examples of a
monomer that can be the monomer having function of a
polymerization initiator include those including, as a polym-
erizable functional group, a methacryloyloxy group, an
acryloyloxy group, a vinyloxy group, an acryloylamino
group, or a methacryloylamino group. These polymerizable
functional groups spontaneously generate radicals by ultra-
violet rays (light with a wavelength within a range from 300
to 380 nm), and thus can start polymerization even without
a polymerization initiator. A part or all of hydrogen atoms
included in the polymerizable functional group may be
substituted with a halogen atom, an alkyl group, or an alkoxy
group. A part or all of hydrogen atoms included in the alkyl,
or alkoxy group may be substituted with a halogen atom.
[0070] Further, when the size of the polymer produced in
the PS process is too large, a polymer network structure
including huge molecules may be formed not in the align-
ment film surface but in the entire liquid crystal layer, and
as a result, the immobilization of liquid crystal alignment as
bulk may be caused and actual application voltage to liquid
crystal may be lowered, and it may result in shift of a V-T
characteristic to high voltage side. If the concentration of a
polymerization initiator is made high, the number of starting
points of polymerization can be increased, and thus the size
of the polymer produced by light irradiation can be made
small, but as described above, remaining of the polymer-
ization initiator in liquid crystal may possibly lead to a
problem of image sticking or the like.

[0071] On the other hand, the monomer having function of
a polymerization initiator can improves the density of the
reaction starting points without using a polymerization ini-
tiator, and oligomer-like substances in which the polymer
size is small are ecasily formed immediately after light
irradiation, and the number of their production can be
increased. The oligomer-like substances thus produced are
quickly deposited, as a polymer layer, on an alignment film
surface based on the precipitation effect due to a solubility
decrease in the liquid crystal layer.

[0072] As the monomer having function of a polymeriza-
tion initiator, an acrylate monomer, a diacrylate monomer,
and the like having no photopolymerization initiation func-
tion may be used in combination, and this can adjust the
photopolymerization rate. The adjustment of the photopo-
lymerization rate can be one of effective means in the case
of suppressing polymer network production.

[0073] The monomer is preferable to be a monomer which
starts polymerization by irradiation with visible light. Unlike
ultraviolet rays, visible light can decrease damages on the
liquid crystal layer and the alignment film. Examples of such
a monomer include benzyl-based monomers, benzoin ether-
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based monomers, acetophenone-based monomers, benzyl
ketal-based monomers, and ketone-based monomers, which
generate radicals by photocleavage or hydrogen removal.
These monomers include a polymerizable functional group,
and examples thereof include a methacryloyloxy group, an
acryloyloxy group, a vinyloxy group, an acryloylamino
group, and a methacryloylamino group. That is, the mono-
mer is preferable to cause photocleavage reaction or hydro-
gen removal reaction by irradiation with ultraviolet rays or
visible light.

[0074] The electrode is preferably a transparent electrode.
As an electrode material in the present invention, all of light
shielding materials such as aluminum and translucent mate-
rials such as indium tin oxide (ITO) and indium zinc oxide
(IZO) can be used, and for example, when one of the pair of
substrates includes a color filter, it is necessary that the
irradiation with ultraviolet rays for polymerizing the mono-
mer be performed on the other substrate not including a
color filter, and in such as case, if the electrode included in
the other substrate has a light shielding property, it results in
inefficiency of the polymerization of the monomer.

[0075] The liquid crystal material preferably contains lig-
uid crystal molecules including, in a molecular structure
thereof, a multiple bond other than conjugated double bonds
of a benzene ring. This is because, as described above, the
multiple bond of liquid crystal molecules themselves can be
activated by light, and the liquid crystal material can func-
tion as a carrier for transferring the activation energy,
radicals, and the like. That is, when liquid crystal is photo-
active or functions as a carrier for transferring radicals and
the like, a polymerization rate of polymerizable monomers
and a rate of forming a PS layer are improved and thus a
stable PS layer is formed.

[0076] The liquid crystal molecules may have either posi-
tive anisotropy of dielectric constant (positive type) or
negative anisotropy of dielectric constant (negative type). It
is preferable that the liquid crystal molecules be nematic
liquid crystal molecules having a high symmetric property in
the liquid crystal layer. Examples of a skeleton of the liquid
crystal molecules include a structure in which two ring
structures and groups bonded to the ring structures are
linearly bonded to each other. The multiple bond does not
contain conjugated double bonds of a benzene ring. This is
because the benzene ring has low reactivity. The liquid
crystal molecule may include conjugated double bonds of a
benzene ring, that is, the conjugated double bonds be not
excluded from it; as long as it essentially has a multiple bond
other than conjugated double bonds of a benzene ring. In
addition, the liquid crystal molecules may be a mixture of
plural kinds thereof. In order to secure the reliability, to
improve the response speed, and to adjust the liquid crystal
phase temperature range, the elastic constant, the anisotropy
of dielectric constant, and the refractive index anisotropy, a
liquid crystal material may be a mixture of plural kinds of
liquid crystal molecules.

[0077] 1t is preferable that the multiple bond be a double
bond, and it is more preferable that the double bond be
contained in an ester group or an alkenyl group. As the
multiple bond, a double bond has higher reactivity than that
of a triple bond. The multiple bond may be a triple bond. In
this case, it is preferable that the triple bond be contained in
a cyano group. Furthermore, it is preferable that the liquid
crystal molecules contain two or more kinds of multiple
bonds.
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Advantageous Effects of Invention

[0078] According to the present invention, there is pro-
vided a liquid crystal display device in which display
unevenness in joining regions is hardly caused even if
successive exposure is carried out at the time of a photo-
alignment treatment for the surface to which a horizontal
alignment film material is applied.

BRIEF DESCRIPTION OF DRAWINGS

[0079] FIG. 1 is a perspective view schematically illus-
trating the process for carrying out a photo-alignment treat-
ment to a substrate surface to which a horizontal alignment
film material is applied.

[0080] FIG. 2 is a schematic view and a graph illustrating
the irradiation intensity of light in an exposure region (1st).
[0081] FIG. 3 is a schematic view and a graph illustrating
the irradiation intensity of light in an exposure region (2nd).
[0082] FIG. 4 is a view schematically illustrating a test
screen on which the present inventors made investigations.
[0083] FIG. 5 is a graph illustrating the results of the
investigations made by the present inventors.

[0084] FIG. 6 is a graph illustrating a relation of the
angular difference between the alignment direction and the
axial direction of a polarizing plate and the contrast ratio.
[0085] FIG. 7 is a graph illustrating the variation (%) of
the contrast ratio based on the angular difference between
the alignment direction and the axial direction of a polariz-
ing plate calculated in accordance with FIG. 6.

[0086] FIG. 8 is a diagram schematically illustrating a
state of image sticking in a liquid crystal cell of an IPS mode
which is manufactured by performing a photo-alignment
treatment.

[0087] FIG. 9 is a diagram schematically illustrating a
state of image sticking in a liquid crystal cell of an IPS mode
which is manufactured by introducing a photo-alignment
treatment and adopting the PS process.

[0088] FIG. 10 is a diagram for comparison schematically
illustrating a polymerization state of a polymerizable mono-
mer when an alignment film formed of a photoinactive
material is subjected to the PS process.

[0089] FIG. 11 is a diagram for comparison schematically
illustrating a polymerization state of a polymerizable mono-
mer when an alignment film formed of a photoactive mate-
rial is subjected to the PS process.

[0090] FIG. 12 is a diagram schematically illustrating a
state of a vertical alignment film when polymerizable mono-
mers are polymerized.

[0091] FIG. 13 is a diagram schematically illustrating a
state of a horizontal alignment film when polymerizable
monomers are polymerized.

[0092] FIG. 14 is a plane view schematically illustrating a
TFT substrate in Embodiment 1.

[0093] FIG. 15 is a plane view schematically illustrating a
counter substrate in Embodiment 1.

[0094] FIG. 16 is a plane view schematically illustrating
an exposure apparatus employed in Embodiment 1.

[0095] FIG. 17 is a cross-sectional view schematically
illustrating an exposure apparatus employed in Embodiment
L.

[0096] FIG. 18 is a perspective view schematically illus-
trating a photo mask included in an exposure apparatus
employed in Embodiment 1.
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[0097] FIG. 19 is a plane view schematically illustrating a
photo mask employed in Embodiment 1.

[0098] FIG. 20 is a view schematically illustrating a state
of executing exposure to a substrate surface in Embodiment
1.

[0099] FIG. 21 is a plane view schematically illustrating a
state of executing a photo-alignment treatment to a substrate
surface through an illuminance adjustment plate in Embodi-
ment 1.

[0100] FIG. 22 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 1.

[0101] FIG. 23 is a plane view schematically illustrating a
state of actually carrying out scanning exposure to a sub-
strate surface in Embodiment 1.

[0102] FIG. 24 is a plane view schematically illustrating
respective exposure regions after scanning exposure.
[0103] FIG. 25 is a plane view schematically illustrating a
state of carrying out exposure to a TFT substrate surface in
Embodiment 1.

[0104] FIG. 26 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 2.

[0105] FIG. 27 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 2 (first modified example).

[0106] FIG. 28 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 2 (second modified example).

[0107] FIG. 29 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 2 (third modified example).

[0108] FIG. 30 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 3.

[0109] FIG. 31 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 4.

[0110] FIG. 32 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 4 (first modified example).

[0111] FIG. 33 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 4 (second modified example).

[0112] FIG. 34 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 4 (third modified example).

[0113] FIG. 35 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 5.

[0114] FIG. 36 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 6.

[0115] FIG. 37 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 7.

[0116] FIG. 38 is a plane view schematically illustrating a
state of carrying out exposure to a TFT substrate surface in
Embodiment 8.

[0117] FIG. 39 is a plane view schematically illustrating a
state of carrying out exposure to a TFT substrate surface in
Embodiment 9.

[0118] FIG. 40 is a cross-sectional view schematically
illustrating a liquid crystal display device manufactured by
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the manufacturing method of Embodiments 1 to 9 and
showing before a PS polymerization process.

[0119] FIG. 41 is a cross-sectional view schematically
illustrating a liquid crystal display device manufactured by
the manufacturing method of Embodiments 1 to 9 and
showing after a PS polymerization process.

[0120] FIG. 42 is a plane view schematically illustrating
an IPS substrate of Examples 1 to 4, 6, and 7.

[0121] FIG. 43 is a plane view schematically illustrating
an FFS substrate of Example 5.

[0122] FIG. 44 is a graph illustrating absorption spectra of
monomers represented by the chemical formulae (34) and
(35) below.

DESCRIPTION OF EMBODIMENTS

[0123] The present invention will be mentioned in more
detail referring to the drawings in the following embodi-
ments, but is not limited to these embodiments.

Embodiment 1

[0124] Hereinafter, a method for manufacturing a liquid
crystal display device according to Embodiment 1 will be
described in detail. A liquid crystal display device manu-
factured by the method for manufacturing a liquid crystal
display device according to Embodiment 1 is suitably used
for a TV panel, a digital signage, a medical monitor, an
electronic book, a PC monitor, a tablet terminal panel, a
portable terminal panel, or the like. [0067]

[0125] Before execution of a photo-alignment treatment,
first, a pair of substrates, which are a TFT substrate and a
counter substrate, to interpose a liquid crystal layer are
prepared. FIG. 14 is a plane view schematically illustrating
a TFT substrate in Embodiment 1 and FIG. 15 is a plane
view schematically illustrating a counter substrate in
Embodiment 1.

[0126] As illustrated in FIG. 14, for example, a substrate
obtained by arranging a scanning signal line 21, a data signal
line 22, a TFT 23, and a pixel electrode 24 on a glass
substrate through an insulating film is used as a TFT
substrate. The scanning signal line 21 and the data signal line
22 are arranged in a manner of crossing each other and
connected to the respective electrodes of the TFT (thin film
transistor) 23. When scanning signals as pulses supplied at
prescribed timing are applied to the TFT 23, data signals
supplied at the timing from the data signal line 22 are
supplied to the pixel electrode 24. A plurality of the pixel
electrodes 24 are arranged in a matrix state. In the case of the
IPS mode or the FFS mode, the pixel electrodes 24 form a
comb electrode as illustrated in FIG. 14, but it is not
particularly limited in the case of other modes.

[0127] As illustrated in FIG. 15, for example, a substrate
obtained by arranging a BM (black matrix) 26 and a colored
layer (color filter) 27 containing a red (R) colored layer 27R,
a blue (B) colored layer 27B, and a green (G) colored layer
27G on a glass substrate is used as a counter substrate. The
BM 26 is formed in a lattice-like state so as to be superim-
posed with the scanning signal line 21 and the data signal
line 22 on the TFT substrate, and the color filter 27 is formed
in the regions divided by the BM 26. In Embodiment 1,
stripe arrangement in which the same colored layers are
arranged in the same rows.

[0128] Additionally, although not illustrated in FI1G. 14
and FIG. 15, a common electrode is formed in the TFT
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substrate and/or the counter substrate besides the pixel
electrode. The common electrode is a comb electrode in the
case of the IPS mode and a plane electrode in the case of the
FFS mode.

[0129] Next, a solution containing a photo-alignment film
material is applied to the surface of each substrate by a spin
cast method or the like, and thereafter, the applied solution
is baked at, for example, 180° C. for 60 minutes to form a
horizontal alignment film. Examples of the photo-alignment
film material include resins containing a photosensitive
group. More specifically, preferred is a polymer such as
polyimide, polyamic acid, polymaleimide, polyvinyl, and
polysiloxane, including a photosensitive group such as an
azobenzene group including an azo group (—N—N—) (the
following chemical formula (1)), a stilbene group (the
following chemical formula (2)), a 4-chalcone group (the
following chemical formula (3)), a 4'-chalcone group (the
following chemical formula (4)), a coumarin group (the
following chemical formula (5)), a cinnamoyl group (the
following chemical formula (6)), or a cinnamate group (the
following chemical formula (7)). The photosensitive groups
represented by the following chemical formulae (1) to (7)
are those which cause crosslinking reaction (including
dimerization), isomerization, photorealignment, or the like
by irradiation with light (preferably ultraviolet rays), and
these groups can effectively narrow the dispersion of the
pre-tilt angle in a plane of an alignment film as compared to
a photodissociation type photo-alignment film material.
Additionally, the photosensitive groups represented by fol-
lowing chemical formulae (1) to (7) include structures
formed by bonding a substituent group to a benzene ring.
Further, the cinnamate group (the following chemical for-
mula (7)) obtained by further bonding an oxygen atom to the
carbonyl group of the cinnamoyl group represented by the
following chemical formula (6) has particularly high reac-
tivity and can be horizontally aligned with low irradiation
energy. Preferable examples of the substituent group for a
benzene ring are a fluorine atom, an alkyl group, an alkoxy
group, a benzyl group, a phenoxy group, a benzoyl group, a
benzoate group, a benzoyloxy group or their derivatives, and
it is made possible to improve electric characteristics and
alignment stability. In the case of low irradiation energy, it
is advantageous in terms of suppression of deterioration
advancement of other members such as color filter. There-
fore, a compound containing a cinnamate group is more
preferable as the photo-alignment film material. The baking
temperature and baking time for forming an alignment film,
and the thickness of a photo-alignment film are not particu-
larly limited, and may be set properly.
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[0130] Next, an exposure apparatus to be employed in
Embodiment 1 will be described. FIG. 16 is a plane view
schematically illustrating an exposure apparatus employed
in Embodiment 1. FIG. 17 is a cross-sectional view sche-
matically illustrating an exposure apparatus employed in
Embodiment 1.

[0131] As illustrated in FIG. 16 and FIG. 17, the exposure
apparatus to be employed in Embodiment 1 is a one-stage
type exposure apparatus and includes an exposure stage 82
including a plurality of exposure heads 81 and a table 83 for
placing a substrate (mother glass) 80 and transferring the
substrate to a prescribed direction. The substrate 80 is
divided into a plurality of regions corresponding to the panel
size. The exposure apparatus may include a means for
transferring only the exposure stage 82 or the table 83 for
placing the substrate 80 or a transfer means for transferring
both of the table 83 for placing a substrate 80 and the
exposure stage 82.
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[0132] The plurality of exposure heads 81 are arranged at
intervals from one another along a direction b1 perpendicu-
lar to a transfer direction (scanning direction) al of the
substrate 80. The respective exposure heads 81 are sup-
ported in a state of being capable of moving to the direction
al or bl along a plane parallel to a surface of the substrate
80 1o be irradiated.

[0133] Each of the exposure heads 81 includes a light
source 84 for emitting ultraviolet rays, a photo mask 70, and
optical members such as a polarization filter and an optical
lens installed between the light source 84 and the photo
mask 70, and is configured so as to irradiate the surface of
the substrate 80 with polarized ultraviolet rays through the
photo mask 70. The respective optical members can convert
ultraviolet rays emitted from the light source to a desired
state. The light source 84 may be properly selected depend-
ing on an object to be irradiated, and may be alight source
emitting visible light.

[0134] Next, the structure of a photo mask (illuminance
adjustment plate) will be described in detail. FIG. 18 is a
perspective view schematically illustrating a photo mask
included in an exposure apparatus employed in Embodiment
1. FIG. 19 is a plane view schematically illustrating a photo
mask employed in Embodiment 1. For example, the photo
mask 70 may be a plate-like member which includes, as
illustrated in FIG. 18, a transparent substrate made of silica
glass or the like and a light shielding member patterned on
the transparent substrate. The portion where the light shield-
ing member is positioned becomes a light shielding part 72
and the portion surrounded with the light shielding part 72
becomes a light transmission part 71. The light transmission
part 71 has a slit-like shape with tapered both ends. The
shape of the light transmission part 71 of the photo mask 70
has an axially symmetric shape on a line bisecting the light
transmission part 71 of the photo mask 70 up and down as
a boundary line, and an axially symmetric shape on a line
bisecting the light transmission part 71 of the photo mask 70
right and left as a boundary line.

[0135] More specifically, as illustrated in FIG. 19, the light
transmission part 71 of the photo mask 70 has a main region
73 and a sub region 74. The width of the main region 73 is
even, but the width of the sub region 74 is narrowed as being
apart from the main region 73. Accordingly, the amount of
light transmitted through the sub region 74 is lower than the
amount of light transmitted through the main region 73. The
light transmission part 71 is not limited to a member with a
light transmission property, and may be an opening pen-
etrating the transparent substrate.

[0136] FIG. 20 is a view schematically illustrating a state
of executing exposure to a substrate surface in Embodiment
1. When the substrate 80 passes under the photo mask 70, as
illustrated in FIG. 20, a region 75 of the surface of the
substrate 80 corresponding to the shape of the light trans-
mission part 71 of the photo mask 70 is exposed to the light.
[0137] Next, an exposure method for an alignment film
will be described. FIG. 21 is a plane view schematically
illustrating a state of executing a photo-alignment treatment
to a substrate surface through an illuminance adjustment
plate in Embodiment 1. At the time of the photo-alignment
treatment in Embodiment 1, exposure is carried out by, for
example, a scanning (scan) method through the photo mask
(illuminance adjustment plate) 70. Since being excellent in
the stability of irradiation amount in the plane of the
substrate, the scanning exposure can effectively suppress
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dispersion of properties of an alignment film such as the
alignment direction and pre-tilt angle imparting property. As
a result, a photo-alignment film which aligns liquid crystal
molecules adjacent to the substrate surface substantially
horizontally (0 to 2° to the substrate surface) can be formed
on the substrate surface.

[0138] First, a first photo mask 70a provided with a light
transmission part including a main region 73a and a sub
region 74a with different transmittance and a second photo
mask 7056 provided with a light transmission part including
a main region 736 and a sub region 745 with different
transmittance are prepared.

[0139] Next, as illustrated in FIG. 21, the photo masks 70a
and 705 are arranged in a manner such that the sub regions
74a and 74b are the same positions as in the x-axis direction
and shifted from each other in the y-axis direction.

[0140] A light source is arranged above the photo masks
70a and 705, and the light source and the photo masks 70a
and 705 are integrally transferred linearly or the substrate 80
is transferred linearly while the light source or the photo
masks 70a and 705 is/are fixed. An image detection camera
is provided beside the photo masks 70« and 705, and reads
bus wiring such as a data signal line or a scanning signal
line, and can transfer the substrate 80 in a following manner.
[0141] FIG. 22 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 1. The exposure apparatus employed in
Embodiment 1 includes two photo masks (the first photo
mask 70a and the second photo mask 706 ) shifted from each
other in the x-axis direction and the y-axis direction. The
portions where the light shielding members are positioned
become light shielding parts 72a and 724, and the portions
surrounded with the light shielding parts 72¢ and 724
become light transmission parts 71a and 715. The light
transmission parts 71a and 715 have a slit-like shape with
tapered both ends . The light transmission part 71a of the
first photo mask 70a includes a linear main region 73a with
even width and a sub region 74a with gradually narrowed
width of the light transmission part 71a toward the tip end
of the photo mask 70a. The light transmission part 715 of the
second photo mask 705 includes a linear main region 735
with even width and a sub region 74b with gradually
narrowed width toward the tip end of the photo mask 704.
[0142] The shapes of the sub regions 74a and 745 consti-
tuting both end parts of the light transmission parts 71a and
715 of the photo masks 70a and 705 will be described in
detail. The outer edges of the sub regions 74a and 745 are
constituted by first and second straight lines extended in the
side opposed to the main regions 73a and 736 from both
terminals of the boundaries between the main regions 73a
and 735 and the sub regions 74a and 74b. These first and
second straight lines are extended in the slanting directions
to the straight lines constituting the outer edges of the main
regions 73a and 73b, and have mutually different angles.
The first and second straight lines cross each other on a line
bisecting the main regions 73« and 735 up and down. That
is, the outer edges of the subregions 74a and 745 are
constituted by two straight lines having a variation in
accordance with a linear function.

[0143] The size (area) of the sub region 74a of the light
transmission part 71a of the photo mask 70a and the size
(area) of the sub region 74b of the light transmission part
716 of the photo mask 70b are respectively the same.
Further, the shape of the sub region 74a of the light
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transmission part 71a and the shape of the sub region 745 of
the light transmission part 715 are axially symmetric on the
boundary line in the case where these photo masks 70a and
7056 are arranged side by side. This makes it possible to
average the irradiation amount of light applied through the
respective sub regions 74a and 74b, and to hardly cause
display unevenness.

[0144] FIG. 23 is a plane view schematically illustrating a
state of actually carrying out scanning exposure to a sub-
strate surface in Embodiment 1. FIG. 24 is a plane view
schematically illustrating respective exposure regions after
scanning exposure. First, positioning of the photo masks 70a
and 705 is carried out, and thereafter the alignment film
formed on the substrate 80 is exposed from one end to the
other end by polarized ultraviolet rays through the photo
masks 70a and 705 while the substrate 80 is transferred to
the +y direction. At this time, the substrate 80 is transferred
in a manner such that the extension direction of the data
signal line or the scanning signal line and the longitudinal
direction of the slits of the photo masks 70a and 705 are
along each other. Further, the polarized ultraviolet rays are
applied to the substrate surface from the normal direction. A
constant gap (proximity gap) is formed between the photo
masks 70a and 705 and the substrate 80. This makes it
possible to transfer the substrate 80 smoothly and to prevent
the photo masks 70a and 705 from being contact with the
substrate 80 even if the photo masks 70a and 705 are sagged
owing to self-weight. This can allow a photo-alignment
treatment to perform at one time for an area in a range where
the treatment cannot be completed with one photo mask.

[0145] The substrate subjected to the photo-alignment
treatment by such a process is provided with an exposure
region 77a (first exposure) which is scan exposed through
the main region of the photo mask, an exposure region 775
(second exposure) which is scan exposed through the main
region of the photo mask, a sub region of the photo mask,
and a joining region 76 which is scan exposed through the
sub region of the photo mask, as illustrated in FIG. 24. In the
joining region 76, exposure is carried out twice through the
sub region, but since these exposure treatments are gradually
decreased from one of two neighboring exposure regions
toward the other side of the two neighboring exposure
regions, and thus the light exposure amount is averaged and
the display unevenness can be hardly caused.

[0146] Next, a specific exposure method for the mother
glass substrate will be described. In Embodiment 1, a one
time exposure method simultaneously using a plurality of
photo masks is employed. Herein, the case of executing
scanning exposure by transferring a substrate but not photo
masks will be described. Additionally, the case of transfer-
ring a substrate in a manner such that the lengthwise
direction of the data signal line is the same as the scanning
direction will be described. FIG. 25 is a plane view sche-
matically illustrating a state of carrying out exposure to a
TFT substrate surface in Embodiment 1. As illustrated in
FIG. 25, both shapes of the light transmission parts 71a and
715 of the photo masks 70a and 705 to be used for exposure
are slits tapered in both ends. Masks are arranged in a
manner such that the longitudinal directions of the light
transmission parts are coincident with the lengthwise direc-
tion of the scanning signal line, that is, perpendicular to the
lengthwise direction of the data signal line. The photo masks
70a and 705 have different length by the length equal to
addition of each one main region and each one sub region of
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the light transmission parts 71a and 715 of the photo masks
70a and 705 in the +y axis direction.

[0147] As illustrated in FIG. 25, polarized ultraviolet rays
are applied from one end to the other end of a region of the
substrate 80 to which a photo-alignment film material is
applied through the photo masks 70a and 706 while the
substrate 80 is transferred at a constant speed in the +x axis
direction. Consequently, a first region 101 exposed through
the main region of the light transmission part of the photo
mask 70a, and a second region 102 and a third region 103
exposed through the sub region of the light transmission part
of the photo mask 70q are formed. Further, a fourth region
104 exposed through a main region of the light transmission
part of the photo mask 705, and a fifth region 105 and a sixth
region 106 exposed through the subregion of the light
transmission part of the photo mask 705 are simultaneously
formed. The regions exposed through the third region 103
and the fifth region 105 are overlapped with each other, and
this overlapped region become a joining region. The regions
exposed through the second region 102 and the sixth region
106 are also overlapped with each other, and this overlapped
region become a joining region. The width of each of the
joining regions is 20 mm or wider and 65 mm or narrower.
As described above, the boundary in the joining regions can
be made vague and occurrence of alignment unevenness can
be suppressed by preparing two photo masks including a sub
region tapered toward the terminal.

[0148] The above steps are carried out respectively for the
mother glass substrate including TFT substrate configuration
and the mother glass substrate including counter substrate
configuration to complete the photo-alignment treatment for
the respective substrates. In Embodiment 1, since at least
four photo masks are used at one time, the exposure is
extremely efficient, and the photo-alignment treatment can
be completed by one step in a shortest manner.

Embodiment 2

[0149] A manufacturing method according to Embodi-
ment 2 is the same as that of Embodiment 1, except that the
shape of a light transmission part of a photo mask to be used
is different from that in Embodiment 1.

[0150] FIG. 26 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 2. The shapes of the sub regions 74a and 74b
constituting both end parts of the light transmission parts
71a and 715 of the photo masks 70a and 705 will be
described in detail. The outer edges of the subregions 74a
and 74b are constituted by first and second straight lines
extended in the side opposed to the main regions 73a and
73b from both terminals of the boundaries between the main
regions 73a and 735 and the sub regions 74a and 74b. The
first straight line is extended in parallel to straight lines
constituting the outer edges of the main regions 73a and 735,
and the second straight line is extended in a slanting direc-
tion to straight lines constituting the outer edges of the main
regions 73a and 735b. The first and the second straight lines
cross each other on an extension line of the straight lines
constituting the outer edges of the main regions. That is, in
Embodiment 2, the outer edges of the sub regions 74a and
74b are constituted by two straight lines having a variation
in accordance with a linear function.

[0151] The size (area) of the sub region 74a of the light
transmission part 71a of the photo mask 70a and the size
(area) of the sub region 74b of the light transmission part
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715 of the photo mask 704 are respectively approximately
the same. Further, the shape of the sub region 73a of the light
transmission part 71a and the shape of the sub region 735 of
the light transmission part 715 are axially symmetric on the
boundary line in the case where these photo masks 70a and
7056 are arranged side by side. This makes it possible to
average the irradiation amount of light applied through the
respective subregions 73a and 73b, and to hardly cause
display unevenness.

[0152] Additionally, the shape of the light transmission
part 71a of the first photo mask 70a and the shape of the light
transmission part 715 of the second photo mask 704 in
Embodiment 2 are unnecessary to be axially symmetric, and
may be, for example, the shape illustrated in FIG. 27 (first
modified example of Embodiment 2), the shape illustrated in
FIG. 28 (second modified example of Embodiment 2), or the
shape illustrated in FIG. 29 (third modified example of
Embodiment 2). The size (area) of the sub region 74a of the
light transmission part 71a of the photo mask 70a and the
size (area) of the sub region 745 of the light transmission
part 7156 of the photo mask 705 are respectively approxi-
mately the same also in the first to third modified examples.

Embodiment 3

[0153] A manufacturing method according to Embodi-
ment 3 is the same as that of Embodiment 1, except that the
shape of a light transmission part of a photo mask to be used
is different from that in Embodiment 1.

[0154] FIG. 30 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 3. The shapes of the sub regions 74a and 74b
constituting both end parts of the light transmission parts
71a and 715 of the photo masks 70a and 705 will be
described in detail. The outer edges of the subregions 74a
and 74b are constituted by first and second curved lines
extended in the side opposed to the main regions 73a and
735 from both terminals of the boundaries between the main
regions 73a and 734 and the sub regions 74a and 74b. The
variation of the first and second curved lines is in accordance
with a sine function. The first and second curved lines cross
each other on a line bisecting the main regions 73a and 735
up and down. That is, the outer edges of the sub regions 74a
and 74b are constituted by two curved lines having a
variation in accordance with a sine function.

[0155] The size (area) of the sub region 74a of the light
transmission part 71a of the photo mask 70a and the size
(area) of the sub region 746 of the light transmission part
715 of the photo mask 704 are respectively approximately
the same. Further, the shape of the sub region 74a of the light
transmission part 71a and the shape of the sub region 74b of
the light transmission part 715 are axially symmetric on the
boundary line in the case where these photo masks 70a and
705 are arranged side by side. This makes it possible to
average the irradiation amount of light applied through the
respective subregions 74a and 74b, and to hardly cause
display unevenness. Particularly in Embodiment 3, curved
lines in accordance with a sine function are employed as the
lines constituting the outer edges of the sub regions, and the
change is smooth as compared to that in Embodiment 1 or
Embodiment 2 in which straight lines in accordance with a
linear function are employed as the lines constituting the
outer edges of the sub region, and thus the display uneven-
ness in the joining region can be more suppressed.
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Embodiment 4

[0156] A manufacturing method according to Embodi-
ment 4 is the same as that of Embodiment 1, except that the
shape of a light transmission part of a photo mask to be used
is different from that in Embodiment 1.

[0157] FIG. 31 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 4. The shapes of the sub regions 74a and 745
constituting both end parts of the light transmission parts
7la and 715 of the photo masks 70a and 705 will be
described in detail. The outer edges of the sub regions 74a
and 74b are constituted by a straight line and a curved line
extended in the side opposed to the main regions 73a and
735 from both terminals of the boundaries between the main
regions 73a and 735 and the sub regions 74a and 74b.

[0158] The straight line is extended in parallel to straight
lines constituting the outer edges of the main regions 73a
and 735, and the curved line is extended in a slanting
direction to straight lines constituting the outer edges of the
main regions 73a and 73b. The straight line and curved line
cross each other on an extension line of the straight lines
constituting the outer edges of the main regions. That is, in
Embodiment 4, the sub regions 74a and 744 are configured
by the straight line having a variation in accordance with a
linear function and the curved line having a variation in
accordance with a sine function.

[0159] The size (area) of the sub region 74a of the light
transmission part 71a of the photo mask 70a and the size
(area) of the sub region 745 of the light transmission part
715 of the photo mask 705 are respectively approximately
the same. Further, the shape of the sub region 74a of the light
transmission part 71a and the shape of the sub region 745 of
the light transmission part 715 are axially symmetric on the
boundary line in the case where these photo masks 70a and
705 are arranged side by side. This makes it possible to
average the irradiation amount of light applied through the
respective subregions 74a and 74b, and to hardly cause
display unevenness. Particularly in Embodiment 4, curved
lines in accordance with a sine function are employed as the
lines constituting the outer edges of the sub regions, and the
change is smooth as compared to that in Embodiment 1 or
Embodiment 2 in which straight lines in accordance with a
linear function are employed as the lines constituting the
outer edges of the sub region, and thus the display uneven-
ness in the joining region can be more suppressed.

[0160] Additionally, the shape of the light transmission
part 71a of the first photo mask 70a and the shape of the light
transmission part 715 of the second photo mask 705 in
Embodiment 4 are unnecessary to be axially symmetric, and
may be, for example, the shape illustrated in FIG. 32 (first
modified example of Embodiment 4), the shape illustrated in
FIG. 33 (second modified example of Embodiment 4), or the
shape illustrated in FIG. 34 (third modified example of
Embodiment 4). The size (area) of the sub region 74a of the
light transmission part 71a of the photo mask 70a and the
size (area) of the sub region 745 of the light transmission
part 715 of the photo mask 705 are approximately the same,
respectively also in the first to third modified examples.

Embodiment 5

[0161] A manufacturing method according to Embodi-
ment 5 is the same as that of Embodiment 1, except that the
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shape of a light transmission part of a photo mask to be used
is different from that in Embodiment 1.

[0162] FIG. 35 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 5. The shapes of the sub regions 74a and 745
constituting both end parts of the light transmission parts
7la and 715 of the photo masks 70a and 706 will be
described in detail. In Embodiment 3, the sub regions 74a
and 745 of the photo masks 70a and 705 are divided into a
plurality of dots, and the difference of the transmittance of
the main regions 73a and 735 and that of the subregions 74a
and 744 is adjusted in accordance with the number and size
of the light shielding parts and light transmission parts
corresponding to the respective dots. The dot pattern can be
formed at the time of patterning thorough the light shielding
member on a transparent substrate.

[0163] The sizes of the respective dots constituting the
light transmission parts 71a and 715 are made so sufficiently
small as to be not resolved. That is, in Embodiment 5, an
exposure region is not formed by projection of the shapes of
the slits unlike the case illustrated in FIG. 20. Specifically,
the size is preferably 2 pm or shorter square. The shapes of
the respective dots are not limited strictly. In Embodiment 5,
resolution is made easy by executing scanning exposure.
The respective dots constituting the light transmission parts
among these dots are gradually decreased in the number
and/or size as they are more apart from the main region, and
on the other hand, the respective dots constituting the light
shielding parts are gradually increased in the number and/or
size as they are more apart from the main region. FIG. 35
schematically illustrates the arrangement points of the
respective dots, but specific arrangement points of the
respective dots are not particularly limited.

[0164] The size (area) of the sub region 74a of the light
transmission part 71a of the photo mask 70a and the size
(area) of the sub region 745 of the light transmission part
715 of the photo mask 705 are respectively approximately
the same. Further, the shape of the sub region 74a of the light
transmission part 71a and the shape of the sub region 745 of
the light transmission part 715 are axially symmetric on the
boundary line in the case where these photo masks 70a and
7056 are arranged side by side. This makes it possible to
average the irradiation amount of light applied through the
respective sub regions 74a and 74b, and to hardly cause
display unevenness.

Embodiment 6

[0165] A manufacturing method according to Embodi-
ment 6 is the same as that of Embodiment 1, except that the
shape of a light transmission part of a photo mask to be used
is different from that in Embodiment 1.

[0166] FIG. 36 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 6. The shapes of the sub regions 74a and 74b
constituting both end parts of the light transmission parts
7la and 715 of the photo masks 70a and 706 will be
described in detail. In Embodiment 6, the sub regions of the
photo masks are divided into a plurality of strips, and the
difference of the transmittance of the main regions 73a and
735 and that of the sub regions 74a and 74b is adjusted in
accordance with the number and size of the light shielding
parts and light transmission parts corresponding to the
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respective strips. The strip pattern can be formed at the time
of patterning thorough the light shielding member on a
transparent substrate.

[0167] The transverse widths of the respective strips con-
stituting the light transmission parts are made so sufficiently
narrow as to be not resolved. That is, in Embodiment 6, an
exposure region is not formed by projection of the shapes of
the slits unlike the case illustrated in FIG. 20. Specifically,
the width is preferably 2 um or narrower. The shapes of the
respective strips are not limited strictly. In Embodiment 6,
resolution is not made easy even if scanning exposure is
carried out unlike in Embodiment 3. The respective strips
constituting the light transmission parts among these strips
are gradually decreased in the number and/or size toward the
side opposed to the main region, and on the other hand, the
respective strips constituting the light shielding parts are
gradually increased in the number and/or size toward the
side opposed to the main region. FIG. 36 schematically
illustrates the arrangement points of the respective strips, but
specific arrangement points of the respective dots are not
particularly limited.

[0168] The size (area) of the sub region 74a of the light
transmission part 71a of the photo mask 70a and the size
(area) of the sub region 745 of the light transmission part
715 of the photo mask 705 are respectively approximately
the same. Further, the shape of the sub region 74a of the light
transmission part 71a and the shape of the sub region 745 of
the light transmission part 715 are axially symmetric on the
boundary line in the case where these photo masks 70a and
705 are arranged side by side. This makes it possible to
average the irradiation amount of light applied through the
respective subregions 74a and 74b, and to hardly cause
display unevenness.

Embodiment 7

[0169] A manufacturing method according to Embodi-
ment 7 is the same as that of Embodiment 1, except that the
configuration of a photo mask to be used is different from
that in Embodiment 1.

[0170] FIG. 37 is a plane view schematically illustrating a
photo mask (illuminance adjustment plate) employed in
Embodiment 7. The shapes of the subregions 74a and 74
constituting both end parts of the light transmission parts
71a and 715 of photo masks 70a and 705 will be described
in detail. In Embodiment 7, a semi-transmissive film capable
of adjusting the light transmission amount is attached to a
sub region of a photo mask. The difference of the transmit-
tance between the main regions 73a¢ and 735 and the sub
regions 74a and 74b is adjusted by the difference of the
lightness of the semi-transmissive film. In terms of the
production cost and the difficulty of adjustment of the
lightness variation, the semi-transmissive film is inferior to
the means for adjustment with the widths of slits in Embodi-
ments 1 to 4, but is advantageous since it makes patterning
unnecessary and is easily manufactured by attaching the
semi-transmissive film on a transparent substrate.

[0171] The transmittance in a sub region is gradually
decreased toward the side opposed to a main region. How-
ever, the transmittance change in the sub region 74a of the
light transmission part 71a of the photo mask 70a and the
transmittance change in the sub region 746 of the light
transmission part 715 of the photo mask 705 are respectively
approximately the same. This makes it possible to average
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the irradiation amount of light applied through the respective
sub regions 74a and 74b, and to hardly cause display
unevenness.

Embodiment 8

[0172] Embodiment 8 is the same as Embodiment 1,
except that at least two photo masks are simultaneously used
to repeat the same process, not simultaneously using four
photo masks as in Embodiment 1. In Embodiment 8, photo
masks which are similar to those used in Embodiments 2 to
7 and their modified examples may be used.

[0173] FIG. 38 is a plane view schematically illustrating a
state of carrying out exposure to a TFT substrate surface in
Embodiment 8. As illustrated in FIG. 38, both shapes of the
light transmission parts 71a and 715 of the photo masks 70a
and 7056 to be used for exposure are slits tapered in both
ends. Masks are arranged in a manner such that the longi-
tudinal directions of the light transmission parts 71a and 7156
are coincident with the lengthwise direction of the scanning
signal line, that is, perpendicular to the lengthwise direction
of the data signal line. The photo masks 70a and 705 are
arranged at an interval by the length equal to addition of
each one main region and each one sub region of the light
transmission parts 71a and 715 of the photo masks 70a and
705 in the +y axis direction.

[0174] As illustrated in FIG. 38, polarized ultraviolet rays
are applied from one end to the other end of a region of the
substrate 80 to which a photo-alignment film material is
applied through the photomasks 70a and 705 while the
substrate 80 is transferred at a constant speed in the +x axis
direction (first exposure). As a result of the first exposure,
exposure 1is carried out in a manner such that a first region
101 is exposed through the main region of the light trans-
mission part of the first photo mask 70a, and a second region
102 and a third region 103 are exposed through the sub
region of the light transmission part of the photo mask 70a.
Consequently, the first region 101 exposed through the main
region of the light transmission part of the second photo
mask 704, and the second region 102 and the third region
103 exposed through the sub region of the light transmission
part of the photo mask 705 are formed.

[0175] On completion of the first exposure, the substrate
80 is transferred to the —x axis direction, and turned back to
the position in front of the exposure stage (starting point).
Then, each exposure head is transferred by the length of one
exposure head in the +y axis direction; that is, by the length
equal to addition of each one main region and each one sub
region of the light transmission parts 71a and 7156 of the
photo masks 70a and 70b.

[0176] As illustrated in FIG. 38, in the same manner as in
the first exposure, polarized ultraviolet rays are applied from
one end to the other end of a region of the substrate 80 to
which a photo-alignment film material is applied through the
photo masks 70a and 706 while the substrate 80 is trans-
ferred at a constant speed in the +x axis direction (second
exposure). At this time, the substrate 80 is transferred to the
direction perpendicular to the longitudinal direction of the
light transmission parts 71a and 715 of the photo masks 70a
and 70b. As a result of the second exposure, a fourth region
104 exposed through the main region of the light transmis-
sion part 71a of the first photo mask 70a, and a fifth region
105 and a sixth region 106 exposed through the sub region
of the light transmission part 715 of the photo mask 705 are
formed. Further, the fourth region 104 exposed through the
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main region of the light transmission part 715 of the second
photo mask 704, and the fifth region 105 and the sixth region
106 exposed through the sub region of the light transmission
part 715 of the photo mask 706 are formed.

[0177] By the first exposure and the second exposure, the
regions exposed through the third region 103 and the fifth
region 105 are overlapped with each other, and this over-
lapped region become a joining region. The regions exposed
through the second region 102 and the sixth region 106 are
also overlapped with each other, and this overlapped region
become a joining region. The width of each of the joining
regions is 20 mm or wider and 65 mm or narrower. As
described above, the boundary in the joining regions can be
made vague and occurrence of alignment unevenness can be
suppressed by preparing two photo masks including a sub-
region tapered toward the terminal and carrying out expo-
sure a plurality of times.

[0178] The above steps are carried out respectively for the
mother glass substrate including TFT substrate configuration
and the mother glass substrate including counter substrate
configuration to complete the photo-alignment treatment for
the respective substrates. In Embodiment 8, since two photo
masks are used at one time, the exposure is eflicient, and the
photo-alignment treatment can be completed by two steps in
a shortest manner.

[0179] Herein, the case of an exposure apparatus including
one stage is described, but the exposure apparatus may
include a plurality of stages. For example, in a case where
it is necessary to repeat exposure two times, two stages in
total may be given to the first exposure and the second
exposure.

Embodiment 9

[0180] Embodiment 9 is the same as Embodiment 1,
except that at least one photo mask is used to repeat the same
process, not simultaneously using four photo masks as in
Embodiment 1. In Embodiment 9, photo masks which are
similar to those used in Embodiments 2 to 7 and their
modified examples may be used.

[0181] FIG. 39 is a plane view schematically illustrating a
state of carrying out exposure to a TFT substrate surface in
[0182] Embodiment 9. As illustrated in FI1G. 39, the shape
of a light transmission part 71 of a photo mask 70 to be used
for exposure is a slit tapered in both ends. A mask is arranged
in a manner such that the longitudinal directions of the light
transmission part s coincident with the lengthwise direction
of the scanning signal line, that is, perpendicular to the
lengthwise direction of the data signal line. The photo mask
70 is arranged at an interval by the length equal to addition
of each one main region and each one sub region of the light
transmission part of the photo mask 70 in the +y axis
direction.

[0183] As illustrated in FIG. 39, polarized ultraviolet rays
are applied from one end to the other end of a region of the
substrate 80 to which a photo-alignment film material is
applied through the photo mask 70 while the substrate 80 is
transferred at a constant speed in the +x axis direction (first
exposure). As a result of the first exposure, a first region 101
exposed through the main region of the light transmission
part 71 of the photo mask 70, and a second region 102 and
a third region 103 exposed through the sub region of the
light transmission part 71 of the photo mask 70 are formed.
[0184] On completion of second exposure, the substrate
80 is transferred to the —x axis direction, and turned back to
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the position in front of the exposure stage (starting point).
Then, each exposure head is transferred by the length of one
exposure head in the +y axis direction; that is, by the length
equal to addition of each one main region and each one sub
region of the light transmission part 71 of the photo mask 70.
[0185] As illustrated in FIG. 39, in the same manner as in
the first exposure, polarized ultraviolet rays are applied from
one end to the other end of a region of the substrate 80 to
which a photo-alignment film material is applied through the
photo mask 70 while the substrate 80 is transferred at a
constant speed in the +x axis direction (second exposure). At
this time, the substrate 80 is transferred to the direction
perpendicular to the longitudinal direction of the light trans-
mission part 71 of the photo mask 70. As a result of the
second exposure, a fourth region 104 exposed through the
main region of the light transmission part 71 of the photo
mask 70, and a fifth region 105 and a sixth region 106
exposed through the sub region of the light transmission part
71 of the photo mask 70 are formed.

[0186] By the first exposure and the second exposure, the
regions exposed through the third region 103 and the fifth
region 105 are overlapped with each other, and this over-
lapped region constitutes a joining region. The regions
exposed through the second region 102 and the sixth region
106 are also overlapped with each other, and this overlapped
region constitutes a joining region. The width of each of the
joining regions is 20 mm or wider and 65 mm or narrower.
As described above, the boundary in the joining regions can
be made vague and occurrence of alignment unevenness can
be suppressed by preparing two photo masks including a sub
region tapered toward the terminal and carrying out expo-
sure a plurality of times.

[0187] A third exposure and a fourth exposure are repeated
in the same manner as in the first exposure and the second
exposure to entirely expose the substrate 80, and thus the
photo-alignment treatment in Embodiment 9 is completed.
[0188] The above steps are carried out respectively for the
mother glass substrate including TFT substrate configuration
and the mother glass substrate including counter substrate
configuration to complete the photo-alignment treatment for
the respective substrates. In Embodiment 9, one photo mask
is used, and therefore an excellent effect can be exerted as in
other embodiments in terms of suppression of occurrence of
alignment unevenness in the joining region, although the
working time is prolonged.

[0189] Herein, the case of an exposure apparatus including
one stage is described, but the exposure apparatus may
include a plurality of stages. For example, in a case where
it is necessary to repeat exposure four times, four stages in
total may be given to the first exposure, the second exposure,
the third exposure, and the fourth exposure.

[0190] Hereinafter, the characteristics of a liquid crystal
display device manufactured by the manufacturing methods
of Embodiments 1 to 9 will be described in detail.

[0191] FIG. 40 and FIG. 41 are cross-sectional views
schematically illustrating a liquid crystal display device
manufactured by the manufacturing method of Embodi-
ments 1 to 9. FIG. 40 shows the liquid crystal display device
before a PS polymerization process, and FIG. 41 shows the
liquid crystal display device after a PS polymerization
process. As illustrated in FIG. 40 and FIG. 41, the liquid
crystal display device includes an array substrate 110, a
color filter substrate 120, and a liquid crystal layer 130 that
is interposed between a pair of substrates consisting of the
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array substrate 110 and the color filter substrate 120. The
array substrate 110 includes an insulating transparent sub-
strate 111 that is formed of glass or the like; and various
kinds of wirings, pixel electrodes, TFTs, and the like that are
formed on the transparent substrate 111. The color filter
substrate 120 includes an insulating transparent substrate
121 that is formed of glass or the like; and color filters, black
matrixes, and a common electrode that are formed on the
transparent substrate 121. For example, in the IPS mode, an
electrode is formed in only the array substrate 110. However,
in the other modes, as necessary, an electrode is formed in
both the array substrate 110 and the color filter substrate 120.
[0192] The array substrate 110 includes a horizontal align-
ment film 112 and the color filter substrate 120 also includes
a horizontal alignment film 122. The horizontal alignment
films 112 and 122 are films containing polyimide, poly-
amide, polyvinyl, polysiloxane, and the like as amain com-
ponent. By providing the horizontal alignment films 112 and
122, liquid crystal molecules can be aligned in a certain
direction. The horizontal alighment films 112 and 122 are
formed of a photoactive material. For example, a material
which includes a compound containing the above-described
photoactive functional group may be used.

[0193] As illustrated in FIG. 40, before the PS polymer-
ization process, there are polymerizable monomers 3 in the
liquid crystal layer 130. Through the PS polymerization
process, the polymerization of the polymerizable monomers
133 starts. As illustrated in FIG. 41, PS layers 113 and 123
are formed on the horizontal alignment films 112 and 122,
and thus the stability of the alignment regulating force of the
horizontal alignment films 112 and 122 is improved.
[0194] The PS layers 113 and 123 can be formed by
injecting a liquid crystal composition containing a liquid
crystal material and the polymerizable monomers into a gap
between the array substrate 110 and the color filter substrate
120; and irradiating the liquid crystal layer 130 with a
certain amount of light or applying heat thereto to polym-
erize the polymerizable monomers 133. At this time, by
performing the polymerization in a state where no voltage is
applied or in a state where a voltage lower than the threshold
voltage is applied to the liquid crystal layer 130, the PS
layers 113 and 123 capable of retaining the initial alignment
of liquid crystal molecules are formed. Therefore, the PS
layers 113 and 123 can be obtained with higher alignment
stability. As necessary, a polymerization initiator may be
added to the liquid crystal composition.

[0195] Examples of the polymerizable monomer 133
which can be used in Embodiments 1 to 9 include monomers
which include a monofunctional or polyfunctional polym-
erizable group containing at least one kind of ring structure.
Examples of such monomers include compounds repre-
sented by the following chemical formula (8).

[Chem. 8]

P8, R°A-(Z-A%),—R' ®)

[0196] (In the formula, R' represents a —R*—Sp'—P*
group, a hydrogen atom, a halogen atom, a —CN group, an
—NO, group, an —NCO group, an —NCS group, an
—OCN group, an —SCN group, an —SF group, or a linear
or branched alkyl group having 1 to 12 carbon atoms;
[0197] P’ represents a polymerizable group;

[0198] Sp' represents a linear, branched, or cyclic alkylene
or alkyleneoxy group having 1 to 6 carbon atoms or a direct
bond;
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[0199] ahydrogen atom included in R* may be substituted
with a fluorine atom or a chlorine atom;

[0200] as long as an oxygen atom and a sulfur atom are not
adjacent to each other, a —CH,— group included in R* may
be substituted with an —O— group, an —S— group, an
—NH— group, a —CO— group, a —COO— group, an
—OCO— group, an —O—COO— group, an —OCH,—
group, a —CH,O— group, an —SCH,— group, a
—CH,S— group, an —N(CH,)— group, an —N(C,H,)—
group, an —N(C;H,)— group, an —N(C,H,)— group, a
—CF,0— group, an —OCF,— group, a —CF,S— group,
an —SCF,— group, an —N(CF;)}— group, a —CH,CH,—
group, a —CF,CH,— group, a —CH,CF,— group, a
—CF,CF,— group, a —CH—CH— group, a —CF—CF—
group, a —GC— group, a —CH—CH—COO— group, or
an —OCO—CH—CH— group.

[0201] R?represents an —O— group, an —S— group, an
—NH— group, a —CO— group, a —COO— group, an
—OCO— group, an —O—COO— group, an —OCH,—
group, a —CH,O0— group, an —SCH,— group, a
—CH,S— group, an —N(CH,)— group, an —N(C,H,)—
group, an —N(C;H,)— group, an —N(C,H,)— group, a
—CF,0— group, an —OCF,— group, a —CF,S— group,
an —SCF,— group, an —N(CF;)}— group, a —CH,CH,—
group, a —CF,CH,— group, a —CH,CF,— group, a
—CF,CF,— group, a —CH—CH— group, a —CF—CF—
group, a —C=C— group, a —CH—CH—COO— group,
an —OCO—CH—CH— group, or a direct bond;

[0202] A' and A* are the same as or different from each
other and each independently represents a 1,2-phenylene
group, a 1,3-phenylene group, a 1.4-phenylene group, a
naphthalene-1,4-diyl group, a naphthalene-1,5-diyl group, a
naphthalene-2,6-diyl group, a 1,4-cyclohexylene group, a
1,4-cyclohexenylene group, a 1,4-bicyclo[2.2.2]octylene
group, a piperidine-1,4-diyl group, a naphthalene-2,6-diyl
group, a decahydronaphthalene-2.6-diyl group, a 1,2,3.4-
tetrahydronaphthalene-2,6-diyl group, an indane-1,3-diyl
group, an indane-1,5-diyl group, an indane-2,5-diyl group, a
phenanthrene-1,6-diyl group, a phenanthrene-1,8-diyl
group, a phenanthrene-2,7-diyl group, a phenanthrene-3,6-
diyl group, an anthracene-1,5-diyl group, an anthracene-1,
8-diyl group, an anthracene-2,6-diyl group, or an anthra-
cene-2,7-diyl group;

[0203] a —CH,— group included in A' and A? may be
substituted with an —O— group or an —S— group as long
as they are not adjacent to each other;

[0204] a hydrogen atom included in A' and A® may be
substituted with a fluorine atom, a chlorine atom, a —CN
group, or an alkyl, alkoxy, alkylcarbonyl, alkoxycarbonyl, or
alkylcarbonyloxy group having 1 to 6 carbon atoms;
[0205] each Z is the same or different from one another
and represents an —O— group, an —S— group, an
—NH— group, a —CO— group, a —COO— group, an
—OCO— group, an —O—COO— group, an —OCH,—
group, a —CH,O— group, an —SCH,— group, a
—CH,S— group, an —N(CH;)— group, an —N(C,H,)—
group, an —N(C,H,)— group, an —N(C,H,)— group, a
—CF,0— group, an —OCF,— group, a —CF,S— group,
an —SCF,— group, an —N(CF,)}— group, a —CH,CH,—
group, a —CF,CH,— group, a —CH,CF,— group, a
—CF,CF,— group, a —CH—CH— group, a —CF—=CF—
group, a —CC— group, a —CH—CH-—COO— group, an
—OCO—CH=—CH— group, or a direct bond; and

[0206] n represents 0, 1, or 2.)
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[0207] More specific examples thereof include any of
compound represented by the following chemical formulae
(9-1) to (9-5).

[Chem. 9]

©-1)

1
©9-2)
Pl
Pl/./
9-3)
PIPI
9-4)
p! p!
9-5)
1

P!
P I I I

[0208] (In the formulae, each P' is the same as or different
from one another and represents a polymerizable group; a
part or all of hydrogen atoms included in a benzene ring may
be substituted with a halogen atom or an alkyl or alkoxy
group having 1 to 12 carbon atoms; and a part or all of
hydrogen atoms included in the alkyl or alkoxy group
having 1 to 12 carbon atoms may be substituted with a
halogen atom.)

[0209] The monomers represented by the chemical for-
mulae (9-1) to (9-5) are compounds which cause photo-
cleavage to generate radicals when being irradiated with
ultraviolet rays. Therefore, the polymerization can be per-
formed without a polymerization initiator and thus deterio-
ration in display quality such as image sticking, caused by
a residual polymerization initiator after the PS process, can
be prevented.

[0210] Examples of P! include an acryloyloxy group, a
methacryloyloxy group, a vinyl group, a vinyloxy group, an
acryloylamino group, and a methacryloylamino group.

[0211] Examples of other polymerizable monomers 133
which can be used in Embodiments 1 to 9 include any of
compounds represented by the following chemical formulae
(10-1) to (10-8).
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[Chem. 10]

(10-1)

)

R
(10-2)

R
(10-3)

b8

o E=o E=o
=

R

=

(10-4)

2
o

R
(10-5)

¥

6
7

(10-6)

(10-7)
R4

% =,
e} 2} O
@]
~

R
(10-8)

3

R

[0212] (In the formulae, R® and R* are the same as or
different from each other and each independently represents
an —Sp>—P? group, a hydrogen atom, a halogen atom, a
—CN group, an —NO, group, an —NCO group, an —NCS
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group, an —OCN group, an —SCN group, an —SF5 group,
or a linear or branched alkyl, aralkyl, or phenyl group having
1 to 12 carbon atoms;

[0213] at least one of R® and R* includes an —Sp>—P>
group,

[0214] P? represents a polymerizable group;

[0215] Sprepresents a linear, branched, or cyclic alkylene
or alkyleneoxy group having 1 to 6 carbon atoms, or a direct
bond;

[0216] when at least one of R® and R* represents a linear
or branched alkyl, aralkyl, or phenyl group having 1 to 12
carbon atoms, a hydrogen atom included in at least one of R?
and R* may be substituted with a fluorine atom, a chlorine
atom, or an —Sp>—P? group;

[0217] as long as an oxygen atom, a sulfur atom, and a
nitrogen atom are not adjacent to each other, a —CH,—
group included in R and R* may be substituted with an
—O— group, an —S— group, an —NH— group, a —CO—
group, a —COO— group, an —OCO— group, an —O—
COO— group, an —OCH,— group, a —CH,O— group, an
—CH— group, a—CH,S— group, an —N(CH,)— group,
an —N(C,H5)— group, an —N(C,H,)— group, an
—N(C,Hg)}— group, a —CF,0— group, an —OCF,—
group, a —CF,S— group, an —SCF,— group, an
—N(CF;)— group, a —CH,CH,— group, a —CF,CH,—
group, a —CH,CF,— group, a —CF,CF,— group, a
—CH—CH— group, a —CF—CF— group, a —C=C—
group, a—CH—CH—COO— group, or an —OCO—CH—
CH— group;

[0218] a part or all of hydrogen atoms included in a
benzene ring may be substituted with a halogen atom or an
alkyl or alkoxy group having 1 to 12 carbon atoms; and apart
or all of hydrogen atoms included in the alkyl or alkoxy
group having 1 to 12 carbon atoms may be substituted with
a halogen atom.)

[0219] Examples of P* include an acryloyloxy group, a
methacryloyloxy group, a vinyl group, a vinyloxy group, an
acryloylamino group, and a methacryloylamino group.
[0220] The monomers represented by the chemical for-
mulae (10-1) to (10-8) are compounds in which hydrogen
atoms are removed to generate radicals when being irradi-
ated with visible light. Therefore, the polymerization can be
performed without a polymerization initiator and thus dete-
rioration in display quality such as image sticking, caused by
a residual polymerization initiator after the PS process, can
be prevented.

[0221] In the liquid crystal display device, the array sub-
strate 110, the liquid crystal layer 130, and the color filter
substrate 120 are laminated in the stated order from a back
surface side to an observation surface side of the liquid
crystal display device to form a liquid crystal cell. A
polarizing plate is attached onto the back surface side of the
array substrate 110 and the observation surface side of the
color filter substrate 120. These polarizing plates may be
provided with a retarder; and may be a circularly polarizing
plate.

[0222] The liquid crystal display device may be any one of
transmission type, reflection type, and transflective type
devices. When the liquid crystal display device according to
Embodiment 1 is a transmission type or transflective type
device, a back light unit is further provided. The back light
unit is arranged on the back surface side of the liquid crystal
cell such that light passes through the array substrate 110,
the liquid crystal layer 130, and the color filter substrate 120
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in the stated order. When the liquid crystal display device is
a reflection type or transflective type device, the array
substrate 110 is provided with a reflector for reflecting
outside light. In addition, at least in a region in which
reflected light is used as display light, it is necessary that the
polarizing plate on the color filter substrate 120 be a circu-
larly polarized plate.

[0223] The liquid crystal display device may include a
color filter on array configuration; that is, the array substrate
110 includes a color filter. The liquid crystal display device
may also include a black matrix on array configuration; that
is, the array substrate 110 includes a black matrix. The liquid
crystal display device according to Embodiment 1 may be a
monochrome display or a field sequential color display, and
in this case, there is no need to arrange a color filter.

[0224] The liquid crystal layer 130 is filled with a liquid
crystal material having the property of being aligned in a
specific direction by applying a certain voltage thereto. The
alignment of liquid crystal molecules in the liquid crystal
layer 130 is controlled by the application of a threshold or
higher voltage. Examples of the liquid crystal molecules
include liquid crystal molecules including, as a core portion,
a structure in which two ring structures of at least one kind
selected from a benzene ring, cyclohexylene, and cyclohex-
ene are linked to a para position by a direct bond or a linking
group; and a structure in which at least one kind selected
from a hydrocarbon group having 1 to 30 carbon atoms and
a cyano group is bonded to both sides (para position) of the
core portion. The core portion may include a substituent and
may include an unsaturated bond.

[0225] The liquid crystal material filled into the liquid
crystal layer is preferable to include liquid crystal molecules
containing at least one molecular structure selected from a
group consisting of the following chemical formulae (11-1)
to (11-6). Among these, a molecular structure represented by
the following chemical formula (11-4) is particularly pref-
erable.

[Chem. 11]
Ceme 11-1)
(11-2)

11-3)

(11-4)

(11-5)

(11-6)

[0226] More specifically, the liquid crystal material is
preferable to contain at least one liquid crystal molecule
selected from a group consisting of the following chemical
formulae (12) to (16).
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[Chem. 12]

/\O\O\
CsHyy
]

[Chem. 13

R

\OYO
Aot

[Chem. 14]

(12)
(13)

R

(14)
GsH;

CsHyy
[Chemn. 15]

oy

[Chem. 16]

R\\
RV

[0227] In the formulae (13) and (16), R and R' are the
same as or different from each other and each independently
represents a hydrocarbon group having 1 to 30 carbon
atoms. The hydrocarbon group may include a substituent
and may include an unsaturated bond.

[0228] Components of the alignment films, components of
monomers included in the PS layers, and the like can be
analyzed by decomposing the liquid crystal display device
and chemically analyzing the respective components using

(15)

(16)



US 2017/0285413 Al

gas chromatograph mass spectrometry (GC-MS) and time-
of-fright secondary ion mass spectrometry (TOF-SIMS). In
addition, the cross-sectional shape of a liquid crystal cell
including the alignment films and the PS layers can be
confirmed by microscopic observation using a scanning
transmission electron microscope (STEM), a scanning elec-
tron microscope (SEM) or the like.

[0229] Hereinafter, an example of actually preparing a
liquid crystal cell by the manufacturing method according to
Embodiment 1 will be described.

EXAMPLE 1

[0230] Example 1 is a preparation example of a liquid
crystal cell of the IPS mode. An IPS substrate including a
pair of comb-teeth electrodes which are transparent elec-
trodes (pixel electrode and common electrode) and TFT; and
a bare glass substrate (counter substrate) were prepared. A
polyvinyl cinnamate solution which was a material of a
horizontal alignment film was applied on the respective
substrates by a spin coating method. F1G. 42 is a plane view
schematically illustrating an IPS substrate of Example 1. As
the glass, #1737 (manufactured by Corning Inc.) was used.
In the comb-teeth electrodes, as illustrated in FIG. 42, a
pixel electrode 371 and a common electrode 372 extend
substantially parallel to each other and are respectively
formed in a zigzag shape. As a result, since the electric field
vector during electric field application is substantially per-
pendicular to a lengthwise direction of the electrodes, a
multidomain structure is formed and thus superior viewing
angle characteristics can be obtained. A double-headed
arrow in FIG. 42 indicates an irradiation polarization direc-
tion (in a case where negative type liquid crystal molecules
are used). As a material of the comb-teeth electrodes, IZ0O
was used. In addition, the width L of the comb-teeth
electrodes was 3 pum, and the distance S between the
electrodes was 9 pm. The polyvinyl cinnamate solution was
prepared by dissolving 3% by weight of polyvinyl cinna-
mate with respect to the total weight in a solvent obtained by
mixing the same amount of N-methyl-2-pyrollidone and
ethylene glycol monobutyl ether.

[0231] After application by a spin coating method, provi-
sional drying was performed at 90° C. for 1 minute, followed
by baking at 200° C. for 60 minutes while purging nitrogen
gas. The thickness of the alignment films after baking was
100 nm.

[0232] Next, as an alignment treatment, the surface of
each substrate was irradiated with polarized ultraviolet rays
having a wavelength of 313 nm and an intensity of 5 J/em?®
from the normal direction of each substrate by using the
method in Embodiment 3 (successive exposure). The width
of the joining region was set to about 45 mm. At this time,
an angle formed between the lengthwise direction of the
comb-teeth electrodes and the polarization direction was set
to £15°. As aresult, liquid crystal molecules 74 were aligned
in a direction substantially perpendicular to the polarization
direction of polarized ultraviolet rays during voltage non-
application; and were aligned in a direction substantially
perpendicular to the lengthwise direction of the comb-teeth
electrodes during the application of a threshold or higher
voltage.

[0233] Next a thermosetting seal material (HC 1413EP:
manufactured by Mitsui Chemicals, Inc.) was printed on the
IPS substrate using a screen plate. Furthermore, in order to
obtain the liquid crystal layer having a thickness of 3.5 um,
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beads (SP-2035, manufactured by Sekisui Chemical Co.,
Ltd.) having a diameter of 3.5 um were dispersed on the
counter substrate. These two kinds of substrates were
aligned such that the polarization directions of ultraviolet
rays irradiating the respective substrates match with each
other, and then were bonded.

[0234] Next, the bonded substrates were heated at 200° C.
for 60 minutes in a furnace in which nitrogen gas was purged
while applying a pressure of 0.5 kgf/em® thereto, and
thereby the seal material was cured.

[0235] A liquid crystal composition containing a liquid
crystal material and a monomer was injected into a cell
prepared with the above-described method under vacuum.
As the liquid crystal material, a negative type liquid crystal
which includes liquid crystal molecules containing a mul-
tiple bond other than a benzene ring was used. As the
monomer, biphenyl-4,4'-diylbis(2-methyl acrylate) was
used. The amount of biphenyl-4,4'-diylbis(2-methyl acry-
late) added is 1% by weight with respect to the total weight
of the entire liquid crystal composition.

[0236] An inlet of a cell through which the liquid crystal
composition was injected was blocked with an ultraviolet
ray-curable resin (TB3026E, manufactured by ThreeBond
Co., Ltd.) and was sealed by ultraviolet ray irradiation. The
wavelength of ultraviolet rays applied for sealing was 365
nm, and light was blocked in pixel portions so as to remove
the influence of ultraviolet rays as much as possible. At this
time, electrodes were short-circuited and the charge of a
surface of the glass substrate was eliminated such that the
alignment of liquid crystal was not disordered by outside
electric field.

[0237] Next, in order to remove the flow alignment of
liquid crystal molecules, a realignment treatment of heating
the liquid crystal cell at 130° C. for 40 minutes to make the
liquid crystal molecules have isotropic phase was pet-
formed. As a result, a liquid crystal cell was obtained in
which liquid crystal molecules were uniaxially aligned in the
plane of the substrates in a direction perpendicular to the
polarization direction of ultraviolet rays irradiating the
alignment films.

[0238] Next, in order to subject this liquid crystal cell to
the PS process, the liquid crystal cell was irradiated with
ultraviolet rays having an intensity of 2 J/cm? using a black
light unit (FHF32BLB, manufactured by TOSHIBA Corpo-
ration). As a result, biphenyl-4,4'-diylbis(2-methyl acrylate)
was polymerized.

[0239] The reaction systems (pathways of generating
acrylate radicals) of the PS process in Example 1 are as
follows.

(Reaction System 1)

[0240] First, as illustrated in the following chemical reac-
tion formula (18), a biphenyl bifunctional methacrylate
monomer (biphenyl-4,4'-diylbis(2-methyl acrylate); com-
pound represented by the following chemical formula (17),
hereinafter abbreviated as “M”) is excited by ultraviolet ray
irradiation to form radicals (hereinafter, the excitation state
will be indicated by the symbol *). That is, the monomer
used in Example 1 is a monomer having function of a
polymerization initiator for spontaneously starting polym-
erization without a polymerization initiator.
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[Chem. 17]
an
HO: i
’: 0]
[Chem. 18]
(18)
M — M
hv

(Reaction System 2)

[0241] On the other hand, as illustrated in the following
chemical reaction formula (20), polyvinyl cinnamate (com-
pound represented by the following chemical formula (19);
hereinafter, abbreviated as “PVC”) which is the photo-
alignment film material is also excited by ultraviolet ray
irradiation.

[Chem. 19]
0 \
0O
[0242] (n represents a natural number.)

[Chem. 20]

20
PVC —» PVC* 20
hv

[0243] In addition, as illustrated in the following chemical
reaction formula (21), biphenyl-4,4'-diylbis(2-methyl acry-
late) which is the monomer is excited to form radicals by the
energy transfer from excited polyvinyl cinnamate.

[Chem. 21]

M+PVC*—=M*+PVC

[0244] The reason why the reactivity of the PS process is
improved is considered to be as follows. In the process of
polymerizing  biphenyl-4,4'-diylbis(2-methyl  acrylate)
which is the monomer with ultraviolet rays, it is considered
that an intermediate such as a radical serves an important
function. The intermediate is generated by ultraviolet rays,
but the amount of the monomer in the liquid crystal com-
position is only 1% by weight. Therefore, sufficient polym-
erization efliciency is not obtained only with the pathway of
the chemical reaction formula (18). When the PS process is
performed only with the pathway of the chemical reaction
formula (18), it is necessary that excited monomer interme-
diates be adjacent to each other in the liquid crystal bulk and
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thus the polymerization efficiency is low. In addition, since
it is necessary that the monomer intermediates in which
polymerization has already started move to the vicinity of
the alignment films after the polymerization, the rate of the
PS process is slow. In this case, it is considered that the rate
of the PS process highly depends on the temperature and the
diffusion coefficient.

[0245] However, when the photo-alignment films are pres-
ent, as illustrated in the chemical reaction formulae (20) and
(21), the photo-alignment films contain a large amount of
double bonds as a photofunctional group such as polyvinyl
cinnamate in the present example. Therefore, it is considered
that the photofunctional groups are easily excited by ultra-
violet rays and the excitation energy is transferred to the
monomer in liquid crystal. Furthermore, since this energy
transfer occurs in the vicinity of the alignment films, the
existence probability of the monomer intermediates in the
vicinity of the alignment films is significantly increased,
thereby remarkably increasing the polymerization probabil-
ity and the rate of the PS process. Therefore, in this case, it
is considered that the rate of the PS process is difficult to
depend on the temperature and the diffusion coefficient.

[0246] In addition, in the photo-alignment films, electrons
at a photoactive unit are excited by light irradiation. In
addition, when the photo-alignment films are horizontal
alignment films, the photoactive unit directly interacts with
the liquid crystal layer to align liquid crystal. Therefore, the
intermolecular distance between a photoactive unit and
polymerizable monomers is shorter than that of a vertical
alignment film and thus the probability of the transfer of
excitation energy is significantly increased. When the photo-
alignment films are a vertical alignment film, there is inevi-
tably a hydrophobic group between a photoactive unit and
polymerizable monomers. Therefore, the intermolecular dis-
tance is increased and the energy transfer is difficult to occur.
Therefore, the PS process is particularly preferable for a
horizontal alignment film.

[0247] When observed by using a polarizing microscope,
liquid crystal molecules in a photo-aligned IPS cell (liquid
crystal cell of Example 1), which was prepared with the
above-described method and was subjected to the PS pro-
cess, were uniaxially aligned in a favorable manner as was
before the PS process. Furthermore, when liquid crystal was
made to respond by applying a threshold or higher electric
field thereto, the liquid crystal was aligned along zigzag-
shaped comb-teeth electrodes and superior viewing angle
characteristics were obtained by a multidomain structure.

[0248] Next, the liquid crystal cell of Example 1 was
evaluated for image sticking. An evaluation method for
image sticking is as follows. The liquid crystal cell of
Example 1 was divided into regions X and Y to which two
different voltages can be applied. A square wave voltage of
6V and 30 Hz was applied to the region X and no voltage
was applied to the region Y for 48 hours. Next, a square
wave voltage of 2.4 V and 30 Hz was applied to the regions
X and Y, respectively. Then, the luminance T(x) of the
region X and the luminance T(y) of the region Y were
measured, respectively. In order to measure the luminance,
a digital camera (EOS Kiss Digital N EF-S18-5511 U,
manufactured by Canon Inc.) was used. A value AT (x, y)
(%) which is the index of image sticking was calculated
according to the following expression.

AT, yy=(ITX)-TWIT(y)x100
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[0249] As a result of the calculation, the image sticking
ratio AT of the liquid crystal cell of Example 1 was only
24%.

[0250] As seen from Example 1, severe image sticking
caused by a material of a photo-alignment film can be
significantly reduced by performing the PS process without
deterioration in alignment capability. Since image sticking is
significantly reduced, the irradiation amount (time) of ultra-
violet rays can be reduced in the PS process. When a liquid
crystal panel is manufactured, the irradiation amount (time)
of ultraviolet rays is reduced and thus the throughput is
increased. In addition, the size of an ultraviolet ray irradia-
tion device can be reduced, which leads to a reduction in
investment value.

REFERENCE EXAMPLE 1

[0251] An IPS liquid crystal cell of Reference Example 1
was produced in the same manner as in Example 1, except
that the monomer was not added to the liquid crystal
composition; and the liquid crystal layer was not irradiated
with ultraviolet rays using a black light unit.

[0252] As a result, the image sticking ratio was 800% or
greater, and severe image sticking occurred.

[0253] That is, the only difference between the IPS liquid
crystal cell of Reference Example 1 and the IPS liquid
crystal cell of Example 1 was whether the PS process was
performed or not. Image sticking occurs due to the interac-
tion between liquid crystal molecules and photo-alignment
film molecules.

[0254] However, by forming the PS layer on the origin
thereof as a buffer layer, image sticking can be prevented. It
should be noted that image sticking caused by the photo-
alignment film can be significantly suppressed while liquid
crystal molecules can be aligned by the alignment capability
of the photo-alignment film originating from the PS layer
which is not subjected to an alignment treatment.

REFERENCE EXAMPLE 2

[0255] In Reference Example 2, a positive type liquid
crystal of 4-cyano-4'-pentylbiphenyl including a triple bond
was used as a liquid crystal material; and the monomer was
not added to the liquid crystal composition. In addition, as
a photo-alignment treatment, an angle formed between the
lengthwise direction of the comb-teeth electrodes and the
polarization direction of polarized ultraviolet rays was set to
+75°; and a black light unit was not used for the ultraviolet
ray irradiation. Except for the above-described points, an
IPS liquid crystal cell of Reference Example 2 was prepared
in the same manner as in Example 1.

[0256] As a result, the image sticking ratio was 800% or
greater, and severe image sticking occurred.

EXAMPLE 2

[0257] FIG. 42 is also a plane view schematically illus-
trating an IPS substrate of Example 2. An IPS liquid crystal
cell of Example 2 was produced in the same manner as in
Reference Example 2, except that 1% by weight of biphenyl-
44" diylbis (2-methyl acrylate), as the monomer, with
respect to the total weight of the entire liquid crystal
composition was added to the positive type liquid crystal of
4-cyano-4'-pentylbiphenyl. When observed by using a polar-
izing microscope, liquid crystal molecules were uniaxially
aligned in a favorable manner. Furthermore, when liquid
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crystal was made to respond by applying a threshold or
higher electric field thereto, the liquid crystal was aligned
along zigzag-shaped comb-teeth electrodes and superior
viewing angle characteristics were obtained by a multido-
main structure. In addition, the image sticking ratio was 11%
when measured with the same manner as in Reference
Example 2, and a significant improvement effect was
obtained.

[0258] The reaction systems (pathways of generating
acrylate radicals) of the PS process in Example 2 are as
follows.

(Reaction System 1)

[0259] First, as illustrated in the following chemical reac-
tion formula (22), biphenyl-4,4'-diylbis(2-methyl acrylate)
which is the monomer is excited by ultraviolet ray irradia-
tion to form radicals.

[Chem. 22]

bl
M — M* )
hv

(Reaction System 2)

[0260] On the other hand, as illustrated in the following
chemical reaction formula (23), polyvinyl cinnamate which
is the photo-alignment film material is also excited by
ultraviolet ray irradiation.

[Chem. 23]

(23)
PVC —— PV(C*
hv

[0261] In addition, as illustrated in the following chemical
reaction formula (24), biphenyl-4,4'-diylbis (2-methyl acry-
late) which is the monomer is excited to form radicals by the
energy transfer from excited polyvinyl cinnamate.

[Chem. 24]
M+PVC*—=M*+PVC (24)

(Reaction System 3) On the other hand, as illustrated in the
following chemical reaction formula (26), 4-cyano-4'-pen-
tylbiphenyl (compound represented by the following chemi-
cal formula (25); hereinafter, abbreviated as “CB”) which is
the liquid crystal material including a triple bond in the
molecules is also excited by ultraviolet ray irradiation.

[Chem. 25]

25)
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-continued
[Chem. 26]

26
CB — CB* 9
hv

[0262] As illustrated in the following chemical reaction
formula (27), biphenyl-4,4'-diylbis(2-methyl acrylate)
which is the monomer is excited to form radicals by the
energy transfer from excited 4-cyano-4'-pentylbiphenyl.

[Chem. 27]

M+CB*—>M*+CB @

(Reaction System 4)

[0263] On the other hand, as illustrated in the following
chemical reaction formula (28), polyvinyl cinnamate which
is the photo-alignment film material is also excited by
ultraviolet ray irradiation.

[Chem. 28]

28
PVC — PVC* 20
hv

[0264] In addition, as illustrated in the following chemical
reaction formula (29), a pathway is considered in which
4-cyano-4'-pentylbiphenyl which is the liquid crystal mate-
rial including a triple bond in the molecules is excited by the
energy transfer from excited polyvinyl cinnamate.

[Chem. 29]
CB+PVC*—CB*4PVC (29)
[0265] The difference between Example 2 and Example 1

is that the positive type liquid crystal of 4-cyano-4'-pentyl-
biphenyl was used as the liquid crystal material. When
Example 1 and Example 2 are compared to each other, a
higher improvement effect was obtained in Example 2. The
reason is considered to be that the cyano group in the liquid
crystal molecules contains a triple bond. A double bond of
a benzene ring not containing a substituent does not con-
tribute to the reaction. Therefore, it can be concluded that the
triple bond of the cyano group serves an important function.
[0266] In this way, when liquid crystal molecules include
a multiple bond, image sticking is reduced by the PS
process. The reason is considered to be as follows. As
illustrated in the chemical reaction formulae (20) and (21),
the excited monomer intermediates of Example 1 are gen-
erated by the energy transfer from ultraviolet rays and the
photo-alignment films. However, since 4-cyano-4'-pentylbi-
phenyl contains the triple bond of the cyano group in the
molecules, the liquid crystal molecules are excited by radi-
cals and the like. In addition, it is considered that the PS
process is promoted through, for example, pathways illus-
trated in the chemical reaction formulae (26) and (27) as
well as the reaction systems illustrated in the chemical
reaction formulae (20) and (21). Furthermore, as illustrated
in the chemical reaction formulae (28) and (29), a pathway
is also considered in which the energy is transferred from the
excited photo-alignment films to liquid crystal molecules
and thus the liquid crystal molecules are excited. That is,

22
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since the monomer is excited through more pathways than
that of Example 1, the PS process is further promoted.

EXAMPLE 3

[0267] FIG. 42 is also a plane view schematically illus-
trating an IPS substrate of Example 3. A cell was prepared
in the same manner as in Example 2, except that 37% by
weight of liquid crystalline molecules of trans-4-propyl-4'-
vinyl-1,1"-bicyclohexane with respect to the total weight of
the entire liquid crystal composition; and 1% by weight of
biphenyl-4,4" diylbis (2-methyl acrylate), as the monomer,
with respect to the total weight of the entire liquid crystal
composition were added to 4-cyano-4'-pentylbiphenyl
which was the positive type liquid crystal material. That is,
in the present example, as a liquid crystal component in the
liquid crystal composition, mixed liquid crystal was used.
When observed by using a polarizing microscope, liquid
crystal molecules were uniaxially aligned in a favorable
manner. Furthermore, when liquid crystal was made to
respond by applying a threshold or higher electric field
thereto, the liquid crystal was aligned along zigzag-shaped
comb-teeth electrodes and superior viewing angle charac-
teristics were obtained by a multidomain structure. In addi-
tion, the image sticking ratio was only 3% when measured
in the same manner as in Example 2. Therefore, according
to Example 3, it was found that image sticking was further
reduced compared to Example 2.

[0268] The reaction systems (pathways of generating
acrylate radicals) of the PS process in Example 3 are as
follows.

[0269] First, as illustrated in the following chemical reac-
tion formula (31), trans-4-propyl-4'-vinyl-1,1'-bicyclo-
hexane (compound represented by the following chemical
formula (30); hereinafter, referred to as “CC”) which is the
liquid crystal material is excited by ultraviolet ray irradia-
tion.

[Chem. 30]
(30)

[Chem. 31]

CC — (CC* ey
hv

[0270] In addition, as illustrated in the following chemical
reaction formula (32), biphenyl-4,4'-diylbis(2-methyl acry-
late) which is the monomer is excited to form radicals by the
energy transfer from excited trans-4-propyl-4'-vinyl-1,1'-
bicyclohexane.

[Chem. 32]

M+CC*—>M*+CC (32)

[0271] As illustrated in the chemical reaction formulae
(31) and (32), when liquid crystal molecules including a
multiple bond are used, image sticking is significantly
reduced by the PS process. In particular, when liquid crystal
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molecules including a double bond are used, the effect
thereof is high. That is, trans-4-propyl-4'-vinyl-1,1'-bicyclo-
hexane has higher efliciency of excitation using ultraviolet
rays; and higher efficiency of energy transfer with the
photo-alignment films or liquid crystal molecules than those
of 4-cyano-4'-pentylbiphenyl used in Examples 1 to 3. The
difference in reactivity between two kinds of molecules is
caused by whether the molecules include a triple bond of a
cyano group or an alkenyl group. In the other words, a
double bond has higher reaction efficiency than that of a
triple bond.

EXAMPLE 4

[0272] FIG. 42 is also a plane view schematically illus-
trating an IPS substrate of Example Z4. An IPS liquid crystal
cell was prepared in the same manner as in Example 3,
except that the time of the irradiation from a black light unit
was set to be ' that of Example 3; and the irradiation
intensity was set to 350 mJ/cm?®. When observed by using a
polarizing microscope, liquid crystal molecules were uni-
axially aligned in a favorable manner. Furthermore, when
liquid crystal was made to respond by applying a threshold
or higher electric field thereto, the liquid crystal was aligned
along zigzag-shaped comb-teeth electrodes and superior
viewing angle characteristics were obtained by a multido-
main structure. In addition, the image sticking ratio was only
8% when measured in the same manner as in Example 2.
Therefore, it was found that a sufficient image sticking
prevention effect can be obtained even when the energy and
time of ultraviolet ray irradiation are reduced in the PS
process.

[0273] When Examples 1 to 4 described above are inves-
tigated, common advantageous effects of these examples are
as follows.

[0274] In an actual usage configuration, in the case visible
light is exposed (for example, a liquid crystal TV), visible
light should be avoided as light used for an alignment
treatment of a photo-alignment film. However, in Examples
1 to 4, by performing the PS process, the surfaces of the
alignment films are covered with the PS layers and the
alignment is immobilized. Therefore, there is an advanta-
geous effect in that a material of which the sensitivity
wavelength includes a visible light wavelength range may be
used as the material of the photo-alignment films.

[0275] 1In addition, when the sensitivity wavelength of the
material of the photo-alignment films includes an ultraviolet
ray wavelength range, it is necessary that an ultraviolet ray
absorption layer be provided in order to cut weak ultraviolet
rays emitted from a back light unit and the surrounding
environment. In consideration of this point, there is an
advantageous effect in that, by performing the PS process, it
is not necessary that an ultraviolet ray absorption layer be
provided.

[0276] In addition, when the PS process is performed
using ultraviolet rays, there is a possibility that the voltage
holding ratio (VHR) may deteriorate by liquid crystal being
irradiated with ultraviolet rays. By efficiently performing the
PS process as in the case of Examples 1 to 4, the ultraviolet
ray irradiation time can be reduced and thus deterioration in
voltage holding ratio can be avoided.

[0277] Furthermore, since image sticking is significantly
reduced, the irradiation amount (time) for the PS process can
also be reduced. When a liquid crystal panel is manufac-
tured, the irradiation amount (time) is reduced and thus the
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throughput is increased. In addition, the size of an ultraviolet
ray irradiation device can be reduced, which leads to a
reduction in investment value.

EXAMPLE 5§

[0278] Example 5 is a preparation example of a liquid
crystal cell of the FFS mode. FIG. 43 is a plane view
schematically illustrating an FFS substrate of Example 5. An
FFS substrate including TFT, a slit-provided electrode (pixel
electrode) 471 and a plate-like plate electrode (common
electrode) 472; and a counter substrate including a color
filter were prepared. A polyvinyl cinnamate solution which
was a material of a horizontal alignment film was applied on
the respective substrates by a spin coating method. As the
glass, #1737 (manufactured by Corning Inc.) was used. As
amaterial for the slit-provided electrode 471, ITO was used.
The shape of the slit-provided electrode 471 was a V shape,
the width L of slit 471a¢ was 5 um, and the distance S of slits
471a was 5 pm. The polyvinyl cinnamate solution was
prepared by dissolving 3% by weight of polyvinyl cinna-
mate with respect to the total weight in a solvent obtained by
mixing the same amount of N-methyl-2-pyrollidone and
ethylene glycol monobutyl ether.

[0279] After application by a spin coating method, provi-
sional drying was performed at 90° C. for 1 minute, followed
by baking at 200° C. for 60 minutes while purging nitrogen
gas. The thickness of the alignment films after baking was
100 nm.

[0280] Next, as an alignment treatment, the surface of
each substrate was irradiated with polarized ultraviolet rays
having a wavelength of 313 nm and an intensity of 100
J/em? from the normal direction of each substrate by using
the method in Embodiment 3 (successive exposure). The
width of the joining region was set to about 45 mm. At this
time, an angle formed between the lengthwise direction of
the slits and the polarization direction was set to +7°. As a
result, liquid crystal molecules 474 were aligned in a direc-
tion substantially perpendicular to the polarization direction
of polarized ultraviolet rays during voltage non-application;
and were aligned in a direction substantially perpendicular
to the lengthwise direction of the slits 471a of the slit-
provided electrode 471 during the application of a threshold
or higher voltage.

[0281] Next, a thermosetting seal material (HC1413EP,
manufactured by Mitsui Chemicals, Inc.) was printed on the
FFS substrate using a screen plate. Furthermore, in order to
obtain the liquid crystal layer having a thickness of 3.5 pum,
beads (SP-2035, manufactured by Sekisui Chemical Co.,
Ltd.) having a diameter of 3.5 um were dispersed on the
counter substrate. These two kinds of substrates were
aligned such that the polarization directions of ultraviolet
rays irradiating the respective substrates match with each
other, and then were bonded.

[0282] Next, the bonded substrates were heated at 200° C.
for 60 minutes in a furnace in which nitrogen gas is purged
while applying a pressure of 0.5 kgf/em® thereto, and
thereby the seal material was cured.

[0283] A liquid crystal composition containing a liquid
crystal material and a monomer was injected into a cell
prepared with the above-described method under vacuum. In
order to obtain the liquid crystal composition, 37% by
weight of trans-4-propyl-4'-vinyl-1,1'-bicyclohexane with
respect to the total weight of the entire liquid crystal
composition; and 0.5% by weight of biphenyl-4,4'diylbis
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(2-methyl acrylate), as the monomer, with respect to the total
weight of the entire liquid crystal composition were added to
4-cyano-4'-pentylbiphenyl which was the positive type lig-
uid crystal material. That is, in the present example, as a
liquid crystal component in the liquid crystal composition,
mixed liquid crystal was used.

[0284] More specifically, as illustrated in the following
chemical reaction formula (33-1) or (33-2), biphenyl-4,4'-
diylbis(4-methyl acrylate) which is the monomer is excited
to form radicals by irradiation with ultraviolet rays. That is,
the monomer used in Example 5 is a monomer having
function of a polymerization initiator to spontaneously start
polymerization without a polymerization initiator.

[Chem. 33]
(33-1)
0 0 + 0
> < . . A\ <
0

[0285] An inlet of a cell through which the liquid crystal
composition was injected was blocked with an ultraviolet
ray-curable resin (TB3026E, manufactured by ThreeBond
Co., Ltd.) and was sealed by ultraviolet ray irradiation. The
wavelength of ultraviolet rays applied for sealing was 365
nm, and light was blocked in pixel portions so as to remove
the influence of ultraviolet rays as much as possible. At this
time, electrodes were short-circuited and the charge of a
surface of the glass substrate was eliminated such that the
alignment of liquid crystal was not disordered by outside
electric field.

[0286] Next, in order to remove the flow alignment of
liquid crystal molecules, a realignment treatment of heating
the liquid crystal panel at 130° C. for 40 minutes to make the
liquid crystal molecules have isotropic phase was per-
formed. As a result, a liquid crystal cell was obtained in
which liquid crystal molecules were uniaxially aligned in the
plane of the substrates in a direction perpendicular to the
polarization direction of ultraviolet rays irradiating the
alignment films.

[0287] Next, in order to subject this liquid crystal cell to
the PS process, the liquid crystal cell was irradiated with
ultraviolet rays having an intensity of 2 J/cm® using a black
light unit (FHF32BLB, manufactured by TOSHIBA Corpo-
ration). As a result, biphenyl-4,4'-diylbis(2-methyl acrylate)
was polymerized.

[0288] When a panel was manufactured using the liquid
crystal cell of Example 5, alignment stability, particularly
image sticking property could be improved without increas-
ing driving voltage, lowering the contrast, and considerably
lowering the voltage holding ratio.
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EXAMPLE 6

[0289] FIG. 42 is also a plane view schematically illus-
trating an IPS substrate of Example 6. Example 6 is a
preparation example of a liquid crystal cell of the TPS mode.
An IPS substrate including a pair of ITO comb-teeth elec-
trodes (pixel electrode and common electrode) and TFT; and
a counter substrate were prepared, and a polyvinyl solution
containing a cinnamate group as a photoreactive functional
group, which was a material of an alignment film, was
applied on the respective substrates by a spin coating
method. As the photoreactive functional group, a chalcone
group, a coumarin group, a stilbene group, and the like can
be used other than this. Further, as the polymer to be amain
chain, in addition to this, a partially or completely imidized
polyimide or a polysiloxane can be used. As the glass
substrate, #1737 (manufactured by Corning Inc.) was used.
Subsequently, the respective substrates were left in condi-
tion of 90° C. for 1 minute to provisionally drying the
applied solution. Next, the provisionally dried film was
baked by leaving the respective substrates in condition of
200° C. for 40 minutes in a nitrogen atmosphere.

[0290] Next, as an alignment treatment, the surface of
each substrate was irradiated with polarized ultraviolet rays
(p polarized light) having a wavelength of 313 nm and an
intensity of 100 J/em? from the normal direction of each
substrate by using the method in Embodiment 3 (successive
exposure). The width of the joining region was set to about
45 mm. At this time, an angle formed between the length-
wise direction of the comb-teeth electrodes and the polar-
ization direction was set to +15°.

[0291] Next a thermosetting seal material (HC 1413EP:
manufactured by Mitsui Chemicals, Inc.) was printed on one
of the substrates using a screen plate. Furthermore, beads
(SP-2035: manufactured by Sekisui Chemical Co., Ltd.)
having a diameter of 3.5 um were dispersed on the other
substrate. The pair of substrates were aligned such that the
polarization directions of ultraviolet rays irradiating the
respective substrates become perpendicular to each other,
and then were bonded.

[0292] Next, the bonded substrates were heated at 200° C.
for 60 minutes in a furnace in which nitrogen gas was purged
while applying a pressure of 0.5 kgf/em” thereto, and
thereby the seal material was cured.

[0293] A liquid crystal composition containing a positive
type liquid crystal material and a monomer for PSA repre-
sented by the following chemical formula was injected into
a cell prepared with the above-described method under
vacuum. The mixing ratio of the monomer for PSA was set
to 0.5% by weight with respect to the total weight of the
entire liquid crystal composition.

[0294] An inlet of a cell through which the liquid crystal
composition was injected was blocked with an ultraviolet
ray-curable resin (TB3026E, manufactured by ThreeBond
Co., Ltd.) and was sealed by ultraviolet ray irradiation. The
wavelength of ultraviolet rays applied for sealing was 365
nm, and light was blocked in pixel portions so as to remove
the influence of ultraviolet rays as much as possible.
[0295] Next, in order to remove the flow alignment of
liquid crystal molecules, a realignment treatment of heating
the liquid crystal cell at 130° C. for 40 minutes to make the
liquid crystal layer have isotropic phase was performed.
[0296] Polarizing plates were attached respectively to the
pair of substrates to complete a liquid crystal display panel
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of the IPS mode. The polarization axes of the polarizing
plates in both substrates were adjusted so as to be perpen-
dicular to each other.

[0297] Next, in order to carry out PSA polymerization
process for the liquid crystal cell, liquid crystal layer was
irradiated with back light for 100 hours through the polar-
izing plates in a no voltage application state to polymerize
the monomer in the liquid crystal layer. The light applied
from back light was visible light, and thus the light was not
cut by the polarizing plates.

[0298] In Example 6, the monomers represented by the
following chemical formulae (34) and (35) were mixed at
1:1 by weight and then used. A compound represented by the
following chemical formula (34) is a benzyl-based bifunc-
tional methacrylate monomer (4,4'-dimethacryloyloxyben-
zyl) and a compound represented by the following chemical
formula (35) is a phenanthrene-based bifunctional meth-
acrylate monomer (phenanthrene-2,7-diylbis(2-methyl acry-
late)). The compound represented by the following chemical
formula (35) scarcely shows polymerization even when
visible light is applied, whereas the compound represented
by the following chemical formula (34) includes a structure
for generating radicals by visible light irradiation, and also
functions as an initiator.

[Chem. 34]

34

RPN
%’H‘ |

[Chem. 35]

a2 2

[0299] FIG. 44 is a graph showing absorption spectra of
monomers represented by the chemical formulae (34) and
(35). In the present embodiment, the PSA polymerization
process is carried out by back light which passes through the
polarizing plates, and thus light with a short wavelength
shorter than wavelength of 380 nm is cut by the polarizing
plates (the portion left side of the boundary line of 380 nm
in FIG. 44). As illustrated in FIG. 44, the benzyl-based
monomer represented by the chemical formula (34) absorbs
light with a wavelength of 380 nm or longer. On the other
hand, the phenanthrene-based monomer represented by the
chemical formula (35) scarcely absorbs light with a wave-
length of 380 nm or longer. Even in such as case, the
benzyl-based monomer represented by the chemical formula
(34) generates radicals to be active species and the polym-
erization of the phenanthrene-based monomer represented

(39
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by the chemical formula (35) proceeds in the present
embodiment. Further the benzyl-based monomer repre-
sented by the chemical formula (34) itself is also polymer-
ized by the radicals to form a portion of the PSA layer. That
is, the monomer represented by the chemical formula (34)
used in Example 6 is a monomer having function of a
polymerization initiator to spontaneously start polymeriza-
tion without a polymerization initiator.

[0300] When a panel was manufactured using the liquid
crystal cell of Example 6, alignment stability, particularly
image sticking property could be improved without increas-
ing driving voltage, lowering the contrast, and considerably
lowering the voltage holding ratio.

[0301] In Example 6, irradiation in the PS process was
carried out with visible light. Accordingly, damages on the
liquid crystal layer and the photo-alignment film can be
suppressed as compared to those in the case of using
ultraviolet rays. In the photo-alignment film of Example 6,
polyvinyl cinnamate including a double bond was used, and
thus it is supposed that the cinnamate group could further
contribute to promotion of photopolymerization for the PS
layer and uniform layer formation since the cinnamate group
was subjected to light excitation to provide radicals.

[0302] In Example 6, the irradiation energy for photo-
alignment treatment was set to 100 ml/ecm?, but the align-
ment can be stabilized by the PS process even with irradia-
tion energy of 100 mJ/cm? or lower, and thus there is no
problem for practical application. Rather, lowering of the
irradiation energy is desirable since the photodeterioration
of other members can be suppressed. Specifically, even if the
irradiation energy is lowered to 10 mJ/cm?, it is supposed
that the same effect can be obtained.

EXAMPLE 7

[0303] FIG. 42 is also a plane view schematically illus-
trating an IPS substrate of Example 7. Example 7 is a
preparation example of a liquid crystal cell of the IPS mode.
An IPS substrate including a pair of comb-teeth electrodes
which are transparent electrodes (pixel electrode and com-
mon electrode) and TFT; and a bare glass substrate (counter
substrate) were prepared. A polyimide solution including a
cyclobutane skeleton, which was a material of a horizontal
alignment film, was applied on the respective substrates by
a spin coating method. As the glass, #1737 (manufactured by
Coming Inc.) was used. In the comb-teeth electrodes, a
common electrode and a pixel electrode extend substantially
parallel to each other and are respectively formed in a zigzag
shape as in Example 1. As a result, since the electric field
vector during electric field application is substantially per-
pendicular to a lengthwise direction of the electrodes, a
multidomain structure is formed and thus superior viewing
angle characteristics can be obtained. As a material of the
comb-teeth electrodes, IZ0 was used. The electrode width L
of the comb-teeth electrodes was 3 um and the distance S
between the electrodes was 9 pm. The polyimide solution
including a cyclobutane skeleton was prepared by equimo-
lecular polymerization of 1,2,3,4-cyclobutane tetracarbox-
ylic dianhydride and a diamine compound. In Example 7,
the alignment principle was photodissociation of cyclobu-
tane.

[0304] After application by a spin coating method, provi-
sional drying was performed at 90° C. for 1 minute, followed
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by baking at 200° C. for 60 minutes while purging nitrogen
gas. The thickness of the alignment films after baking was
100 nm.

[0305] Next, as an alignment treatment, the surface of
each substrate was irradiated with polarized ultraviolet rays
(p polarized light) having a wavelength of 254 nm and an
intensity of 500 mJ/cm® from the normal direction of each
substrate by using the method in Embodiment 3 (successive
exposure). The width of the joining region was set to about
45 mm. At this time, an angle formed between the length-
wise direction of the comb-teeth electrodes and the polar-
ization direction was set to +15°.

[0306] Next, a thermosetting seal material (HC1413EP,
manufactured by Mitsui Chemicals, Inc.) was printed on the
IPS substrate using a screen plate. Furthermore, in order to
obtain the liquid crystal layer having a thickness of 3.5 um,
beads (SP-2035, manufactured by Sekisui Chemical Co.,
Ltd.) having a diameter of 3.5 um were dispersed on the
counter substrate. These two kinds of substrates were
aligned such that the polarization directions of ultraviolet
rays irradiating the respective substrates match with each
other, and then were bonded.

[0307] Next, the bonded substrates were heated at 200° C.
for 60 minutes in a furnace in which nitrogen gas was purged
while applying a pressure of 0.5 kgfiem® thereto, and
thereby the seal material was cured.

[0308] A liquid crystal composition containing a liquid
crystal material and a monomer was injected into a cell
prepared with the above-described method under vacuum.
As the liquid crystal material, a negative type liquid crystal
which contains liquid crystal molecules including a multiple
bond other than a benzene ring was used. As the monomer,
biphenyl-4,4'-diylbis (2-methyl acrylate) was used. The
amount of biphenyl-4,4'-diylbis(2-methyl acrylate) added is
0.5% by weight with respect to the total weight of the entire
liquid crystal composition.

[0309] An inlet of a cell through which the liquid crystal
composition was injected was blocked with an ultraviolet
ray-curable resin (TB3026E, manufactured by ThreeBond
Co., Ltd.) and was sealed by ultraviolet ray irradiation. The
wavelength of ultraviolet rays applied for sealing was 365
nm, and light was blocked in pixel portions so as to remove
the influence of ultraviolet rays as much as possible. At this
time, electrodes were short-circuited and the charge of a
surface of the glass substrate was eliminated such that the
alignment of liquid crystal was not disordered by outside
electric field.

[0310] Next, in order to remove the flow alignment of
liquid crystal molecules, a realignment treatment of heating
the liquid crystal cell at 130° C. for 40 minutes to make the
liquid crystal molecules have isotropic phase was per-
formed. As a result, a liquid crystal cell was obtained in
which liquid crystal molecules were uniaxially aligned in the
plane of the substrates in a direction perpendicular to the
polarization direction of ultraviolet rays irradiating the
alignment films.

[0311] Next, in order to subject this liquid crystal cell to
the PS process, the liquid crystal cell was irradiated with
ultraviolet rays having an intensity of 2 J/em? using a black
light unit (FHF32BLB, manufactured by TOSHIBA Corpo-
ration). As a result, biphenyl-4,4'-diylbis(2-methyl acrylate)
was polymerized.

[0312] When a panel was manufactured using the liquid
crystal cell of Example 7, alignment stability, particularly
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image sticking property could be improved without increas-
ing driving voltage, lowering the contrast, and considerably
lowering the voltage holding ratio.

[0313] In Example 7, as the monomer, biphenyl-4,4'-
diylbis(2-methylacrylate)wasused, but even if the respective
monomers described in Example 6 were used, the same
effect can be obtained.

[0314] In Example 7, the irradiation energy for photo-
alignment was set to 500 mJ/cm?, but the alignment can be
stabilized by the PS process even with irradiation energy of
500 mJ/cm? or lower, and thus there is no problem for
practical application. Rather, lowering of the irradiation
energy is desirable since the photodeterioration of other
members can be suppressed. Specifically, even if the irra-
diation energy is lowered to 100 mJ/cm?, it is supposed that
the same effect can be obtained.

REFERENCE EXAMPLE 3

[0315] A liquid crystal cell of Reference Example 3 was
prepared in the same manner as in Example 7, except that no
PS process was carried out. As a result, the alignment
property was insufficient and the image sticking was
observed.

[0316] Further investigations were performed to find that,
in order to obtain sufficient alignment properties without
executing the PS process, irradiation energy of about 2 J/em?
was necessary. However, high energy irradiation around 254
nm causes photodissociation of other parts in the alignment
film and photodissociation of a color filter, and thus causes
a problem on long time reliability. Consequently, it was
found that the method employing the PS process as Example
7 could solve the problem on the reliability.

[0317] As a material for a semiconductor layer included in
the TFT in Examples 1 to 7, an oxide semiconductor having
high mobility such as indium-gallium-zinc-oxide (IGZQ) is
preferable. By using IGZ0O, the size of a TFT element can be
reduced as compared to a case of using amorphous silicon,
which is suitable for a high-resolution liquid crystal display.
In the case of applying rubbing process to the substrate
including a TFT element, highly precise and uniform rub-
bing in a pixel is difficult since the pile density of a rubbing
cloth is limited, and there is a concern of inferiority of
display quality. In this point, it can be said that a photo-
alignment technique excellent in uniform alignment is useful
for actual application of an oxide semiconductor such as
1GZ0O. However, on the other hand, in the case of an oxide
semiconductor such as IGZO, there is a concern of shift of
semiconductor threshold properties by ultraviolet ray irra-
diation during photo-alignment treatment. This shift of prop-
erties results in change of the TFT element properties of a
pixel and may affect the display quality. Further, a mono-
lithic driver element formed on such an oxide semiconductor
substrate with high mobility may possibly be affected more
significantly. In contrast, it can be said that the irradiation
amount of ultraviolet rays with short wavelength needed for
the photo-alignment can be lowered to the minimum accord-
ing to Examples 1 to 7, and the method is therefore particu-
larly useful for the case of using an oxide semiconductor
such as IGZO.

[0318] The present application claims priority to Patent
Application No. 2011-186446 filed in Japan on Aug. 29,
2011 under the Paris Convention and provisions of national
law in a designated State, the entire contents of which are
hereby incorporated by reference.
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REFERENCE SIGN LIST

[0319] 11: light source
[0320] 12: polarizing plate
[0321] 13: illuminance adjustment plate
[0322] 14: substrate
[0323] 21: scanning signal line
[0324] 22: data signal line
[0325] 23: TFT
[0326] 24: pixel electrode
[0327] 26: black matrix
[0328] 27: color filter
[0329] 27R: color filter (red)
[0330] 27G: color filter (green)
[0331] 27B: color filter (blue)
[0332] 30, 130: liquid crystal layer
[0333] 32, 42: alignment film
[0334] 334, 43a: polymerizable monomer (non-excited)
[0335] 335, 435: polymerizable monomer (excited state)
[0336] 52: photoactive group (vertical alignment film mol-
ecules)
[0337] 53, 63: polymerizable monomer
[0338] 54, 64: liquid crystal molecules
[0339] 55: hydrophobic group
[0340] 62: photoactive group (horizontal alignment film
molecules)
[0341] 70, 70a, 7056: photo mask
[0342] 71, 71a, 71b: light transmission part
[0343] 72, 72a, 72b: light shielding part
[0344] 73, 73a, 73b: main region
[0345] 74, 74a, 74b: sub region
[0346] 75: region corresponding to shape of light trans-
mission part
[0347] 76: joining region
[0348] 77a. 77b: exposure region
[0349] 80: substrate
[0350] 81: exposure head
[0351] 82: exposure stage
[0352] 83: table
[0353] 84: light source
[0354] 101: first region
[0355] 102: second region
[0356] 103: third region
[0357] 104: fourth region
[0358] 105: fifth region
[0359] 106: sixth region
[0360] 110: array substrate
[0361] 111, 121: transparent substrate
[0362] 120: color filter substrate
[0363] 112, 122: alignment film
[0364] 113, 123: PS layer (polymer layer)
[0365] 133: polymerizable monomer
[0366] 371. 471: pixel electrode
[0367] 372, 472: common electrode
[0368] 374. 474: liquid crystal molecules
[0369] 471a: slit
1. (canceled)
2. A method for manufacturing a liquid crystal display
device comprising:
forming an alignment film by performing a photo-align-
ment treatment of irradiating a photo-alignment film
material applied to at least one substrate of a pair of
substrates with a plurality of polarized light sources;
wherein the plurality of polarized light sources includes
a first light source and a second light source;
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the photo-alignment treatment is performed by scanning
the at least one substrate of the pair of substrates and
the plurality of polarized light sources and exposing a
substrate surface of the at least one substrate of the pair
of substrates to polarized light applied from a direction
perpendicular to the substrate surface;

the alignment film includes a first region which is exposed
with the polarized light applied by the first light source
and a second region which is exposed with the polar-
ized light applied by the second light source;

a direction in which the first light source moves relatively
to the at least one substrate of the pair of substrates in
the photo-alignment treatment for the first region is
defined as a first scan direction of the first light source,
and a direction in which the second light source moves
relatively to the at least one substrate of the pair of
substrates in the photo-alignment treatment for the
second region of the second light source is defined as
a second scan direction, the first scan direction of the
first light source is identical to the second scan direc-
tion of the second light source;

the second region includes an overlapping portion which
overlaps with the first region;

the first light source and the second light source are
adjacent to each other while scanning the photo-align-
ment treatment and;

exposing the first region with the polarized light by the
first light source is performed simultaneously with
exposing the second region with the polarized light by
the second light source; and

the at least one substrate of the pair of substrates includes
a multidomain structure.

3. The method for manufacturing a liquid crystal display
device according to claim 2, wherein

the alignment film is a horizontal alignment film;

a first irradiation amount of the polarized light by the first
light source to the overlapping portion is gradually
lowered in the first region toward the second region and
a second irradiation amount of the polarized light by
the second light source to the overlapping portion is
gradually lowered in the second region toward the first
region; and

the overlapping portion has a width of 20 mm or wider.

4. The method for manufacturing a liquid crystal display
device according to claim 2, wherein a variation of the first
irradiation amount in the overlapping portion and/or a
variation of the second irradiation amount in the overlapping
portion satisfies a sine function.

5. The method for manufacturing a liquid crystal display
device according to claim 2, wherein a variation of the first
irradiation amount in the overlapping portion and/or a
variation of the second irradiation amount in the overlapping
portion satisfies a linear function.

6. The method for manufacturing a liquid crystal display
device according to claim 2, further comprises:

forming a polymer layer for controlling alignment of
liquid crystal molecules adjacent thereto on the align-
ment film by irradiating a liquid crystal composition
containing a liquid crystal material and a monomer and
being injected between the pair of substrates with light
to polymerize the monomer;
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wherein the liquid crystal material contains liquid crystal
molecules including, in a molecular structure thereof, a
multiple bond other than conjugated double bonds of a
benzene ring.

7. The method for manufacturing a liquid crystal display
device according to claim 2, wherein the photo-alignment
film material includes one or both of a photoisomerizable
functional group and a photodimerizable functional group.

8. The method for manufacturing a liquid crystal display
device according to claim 7, wherein the first light source
and the second light source are spaced from each other by
intervals extending along a direction perpendicular to a
scanning direction of the at least one substrate of the pair of
substrates and the plurality of polarized light sources.

9. The method for manufacturing a liquid crystal display
device according to claim 7, wherein the first light source is
provided in a first exposure head and the second light source
is provided in a second exposure head.

10. The method for manufacturing a liquid crystal display
device according to claim 7, wherein the first exposure head
and the second exposure head are connected to an exposure
stage.

11. The method for manufacturing a liquid crystal display
device according to claim 2, wherein the first light source is
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provided in a first exposure head and the second light source
is provided in a second exposure head.

12. The method for manufacturing a liquid crystal display
device according to claim 2, wherein the at least one
substrate of the pair of substrates includes a thin film
transistor including an oxide semiconductor.

13. The method for manufacturing a liquid crystal display
device according to claim 12, wherein the oxide semicon-
ductor is indium-gallium-zinc-oxide.

14. The method for manufacturing a liquid crystal display
device according to claim 2, wherein the photo-alignment
film material includes a photoisomerizable material, a pho-
todimerizable material or a photodissociation material.

15. The method for manufacturing a liquid crystal display
device according to claim 14, wherein the photoisomeriz-
able material includes an azobenzene derivative.

16. The method for manufacturing a liquid crystal display
device according to claim 14, wherein the photodimerizable
material includes a cinnamate derivative.

17. The method for manufacturing a liquid crystal display
device according to claim 14, wherein the photodissociation
material contains a cyclobutane skeleton.
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