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LIQUID CRYSTAL DISPLAY PANEL AND
METHOD FOR MANUFACTURING LIQUID
CRYSTAL DISPLAY PANEL

TECHNICAL FIELD

[0001] The disclosure relates to a liquid crystal display
panel and a method for manufacturing the liquid crystal
display panel. More specifically, the disclosure relates to a
liquid crystal display panel having a configuration of divid-
ing one pixel into a plurality of alignment regions (domains)
and a method for manufacturing the liquid crystal display
panel, which is suitable for manufacturing of the liquid
crystal display panel.

BACKGROUND ART

[0002] A liquid crystal display device is a display device
that uses a liquid crystal composition to perform display. In
its representative display system, a liquid crystal display
panel in which the liquid crystal composition is encapsulated
between a first substrate and a second substrate is irradiated
with light from a backlight, a voltage is applied to the liquid
crystal composition to change alignment of liquid crystal
molecules, and thus an amount of light passing through the
liquid crystal display panel is controlled. Such liquid crystal
display device is characterized in reduced thickness, reduced
weight, and low power consumption, and hence is utilized in
an electronic device such as a smartphone, a tablet-type PC,
and a car navigation system.

[0003] In the related art, there has been examined an
alignment division technique for improving a viewing angle
characteristic in which one pixel is divided into a plurality
of alignment regions (domains) and liquid crystal molecules
are aligned in different azimuthal directions in different
alignment regions. As related-art documents that disclose
the alignment division technique, for example, PTL 1 to PTL
4 are given.

[0004] Each of PTL 1 and PTL 2 discloses a 4Domain-
Reverse Twisted Nematic (4D-RTN) mode in which a half
pixel is divided into four alignment regions including two
columns and two rows and one pixel is divided into eight
alignment regions.

[0005] PTL 3 discloses a liquid crystal display device,
including a display substrate that includes a plurality of pixel
areas and has a curved surface shape being curved based on
a first direction, a counter substrate that faces the display
substrate, is integrated with the display substrate, and has a
curved surface shape together with the display substrate, and
a liquid crystal layer that is arranged between the display
substrate and the counter substrate, wherein a plurality of
domains are defined in each of the plurality of pixel areas,
in at least two domains in the plurality of domains, direc-
tions in which liquid crystal molecules of the liquid crystal
layer are aligned are different from each other, and the
plurality of domains are arrayed in a second direction
intersecting the first direction.

[0006] PTL 4 discloses a liquid crystal display panel,
including, in the following order, a first substrate including
a pixel electrode, a liquid crystal layer containing liquid
crystal molecules, and a second substrate including a coun-
ter electrode. The liquid crystal display panel includes pixels
having at least four alignment regions including a first
alignment region, a second alignment region, a third align-
ment region, and a fourth alignment region. In the four
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alignment regions, tilt azimuthal directions of the liquid
crystal molecules are different from one another. Along a
longitudinal direction of the pixels, the first alignment
region, the second alignment region, the third alignment
region, and the fourth alignment region are arranged in the
stated order. In the first alignment region and the second
alignment region, the tilt azimuthal directions of the liquid
crystal molecules are different from each other by approxi-
mately 180°, or alternatively, in the third alignment region
and the fourth alignment region, the tilt azimuthal directions
of the liquid crystal molecules are different from each other
by approximately 180°.

CITATION LIST

Patent Literature

[0007] PTL 1: JP 5184618 B
[0008] PTL 2: JP 2011-85738 A
[0009] PTL 3: JP 2015-31961 A
[0010] PTL 4: WO 2017/047532
SUMMARY
Technical Problem
[0011] As a configuration of the liquid crystal display

panel, there is exemplified a configuration in which an
alignment film is provided to each of a space between a first
substrate and a liquid crystal layer and a space between a
second substrate and the liquid crystal layer. In a general
method, liquid crystal molecules in the liquid crystal layer
are aligned in desired azimuthal directions by subjecting
both the alignment film on the first substrate side and the
alignment film on the second substrate side to alignment
process.

[0012] However, in the known method of subjecting both
the alignment film on the first substrate side and the align-
ment film on the second substrate side to alignment process,
there arises a problem of increasing the number of times of
alignment process in manufacturing processes and lowering
production capacity. In order to improve production capac-
ity, a plurality of processes of alignment process can be
performed simultaneously by increasing photo-irradiation
mechanisms for irradiating the substrates with light. How-
ever, there may be a concern of increasing a size of a
photo-alignment processing device and increasing a cost of
the photo-alignment processing device, which may lead to
increase of a manufacturing cost of the liquid crystal display
panel.

[0013] The disclosure has been made in view of the
above-mentioned circumstances, and has an object to pro-
vide a liquid crystal display panel capable of maintaining
sufficient transmittance even with the less number of times
for alignment process and a method for manufacturing the
liquid crystal display panel, which is suitable for manufac-
turing of the liquid crystal display panel.

Solution to Problem

[0014] The inventors have examined a method of achiev-
ing a liquid crystal display panel having sufficient transmit-
tance with a small number of times of alignment process,
and have found out that sufficient transmittance can be
obtained even when only any one of an alignment film of a
first substrate and an alignment film of a second substrate is
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subjected to alignment process and the number of times of
alignment process is reduced. With this, the inventors have
arrived at the disclosure, which can successfully solve the
above-mentioned problem.

[0015] Specifically, according to an aspect of the disclo-
sure, a liquid crystal display panel includes, in the following
order, a first substrate including a pixel electrode, a first
vertical alignment film, a liquid crystal layer containing
liquid crystal molecules, a second vertical alignment film,
and a second substrate including a common electrode,
wherein, when no voltage is applied to the liquid crystal
layer, a first tilt angle of the liquid crystal molecules adjacent
to the first vertical alignment film with respect to the first
vertical alignment film and a second tilt angle of the liquid
crystal molecules adjacent to the second vertical alignment
film with respect to the second vertical alignment film differ
from each other, in a case where the liquid crystal display
panel is seen in a plan view, and alignment vectors are
defined such that an end closer to the first substrate in a long
axis direction of the liquid crystal molecules is defined as a
starting point and an end closer to the second substrate in the
long axis direction of the liquid crystal molecules is defined
as a terminal point, any one of the first vertical alignment
film and the second vertical alignment film is a photo-
alignment film subjected to alignment process such that a
plurality of domains, the alignment vectors of which differ
from each other, are formed in a region of a display unit, and
the display unit includes, in the following order along a first
direction of the display unit in a plan view, a first domain,
a second domain, a third domain, and a fourth domain, the
alignment vectors of which differ from each other, when a
voltage is applied to the liquid crystal layer.

[0016] According to another aspect of the disclosure, a
liquid crystal display panel includes, in the following order,
a first substrate including a pixel electrode, a first vertical
alignment film, a liquid crystal layer containing liquid
crystal molecules, a second vertical alignment film, and a
second substrate including a common electrode, wherein, in
a case where the liquid crystal display panel is seen in a plan
view, and alignment vectors are defined such that an end
closer to the first substrate in a long axis direction of the
liquid crystal molecules is defined as a starting point and an
end closer to the second substrate in the long axis direction
of the liquid crystal molecules is defined as a terminal point,
any one of the first vertical alignment film and the second
vertical alignment film is a photo-alignment film subjected
to alignment process such that a plurality of domains, the
alignment vectors of which differ from each other, are
formed in a region of a display unit, the other one of the first
vertical alignment film and the second vertical alignment
film is not subjected to the alignment process, and the
display unit includes, in the following order along a first
direction of the display unit in a plan view, a first domain,
a second domain, a third domain, and a fourth domain, the
alignment vectors of which differ from each other, when a
voltage is applied to the liquid crystal layer.

[0017] According to yet another aspect of the disclosure,
a method for manufacturing the liquid crystal display panel
according to the disclosure includes forming a vertical
alignment film on any one of the first substrate and the
second substrate, wherein, the forming a vertical alignment
film 1s a step in which a coating film is formed by applying,
on any one of the first substrate and the second substrate, an
alignment film composition containing a material having a
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photo-alignment property, and alignment process is per-
formed such that the coating film is irradiated with light
from a light source, and the alignment process is performed
at a plurality of scanning steps such that four alignment
regions where exposure directions on the coating film differ
from each other and form an angle of approximately 45°
with respect to the first direction are formed along the first
direction.

Advantageous Effects of Disclosure

[0018] According to the disclosure, there can be provided
the liquid crystal display panel capable of maintaining
sufficient transmittance even with the less number of times
for alignment process and the method for manufacturing the
liquid crystal display panel, which is suitable for manufac-
turing of the liquid crystal display panel.

BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG. 1 is a cross-sectional view schematically
illustrating one example of a liquid crystal display device
according to an embodiment.

[0020] FIG. 2 is a plan view schematically illustrating tilt
azimuthal directions of liquid crystal molecules in a liquid
crystal layer in the embodiment.

[0021] FIG. 3 is a view illustrating a relationship between
the tilt azimuthal directions of the liquid crystal molecules
and alignment vectors.

[0022] FIG. 4 is a plan view schematically illustrating
other tilt azimuthal directions of the liquid crystal molecules
in the liquid crystal layer.

[0023] FIG. 5 is a plan view schematically illustrating an
electrode and wiring line structure in a first substrate in the
embodiment.

[0024] FIG. 6 is a schematic plan view illustrating an
example of a pixel electrode without slits.

[0025] FIG. 7 is a schematic plan view illustrating an
example of a pixel electrode with slits.

[0026] FIG. 8 is an outline view illustrating one example
of a photo-alignment processing device.

[0027] FIG. 9 is an outline view illustrating alignment
process in a case of using a wire grid polarizer.

[0028] FIG. 10 is a view illustrating a first example of
alignment process using the photo-alignment processing
device.

[0029] FIG. 11 is a view illustrating a second example of
alignment process using the photo-alignment processing
device.

[0030] FIG. 12 is a view illustrating a third example of
alignment process using the photo-alignment processing
device.

[0031] FIG. 13 is a view illustrating a fourth example of
alignment process using the photo-alignment processing
device.

[0032] FIG. 14 is a view illustrating alignment process of
a CF substrate (second substrate) in Example 1.

[0033] FIG. 15(a)is a view illustrating a state of alignment
process in Example 1, FIG. 15(b) is a schematic plan view
illustrating tilt azimuthal directions of liquid crystal mol-
ecules in Example 1, and FIG. 15(c) is an enlarged picture
of Example 1 at the time of voltage application.
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[0034] FIG. 16 is a graph illustrating a relationship
between an average tilt angle of the liquid crystal molecules
in the liquid crystal layer and a pre-tilt angle of the liquid
crystal molecules.

[0035] FIG. 17 is a view illustrating alignment process of
a TFT substrate (first substrate) in Example 3.

[0036] FIG.18(a)is a view illustrating a state of alignment
process in Example 3, and FIG. 18(b) is a schematic plan
view illustrating tilt azimuthal directions of liquid crystal
molecules in Example 3.

[0037] FIG. 19(a) is a view illustrating alignment process
of a TFT substrate (first substrate) in Comparative Example
1, and FIG. 19(b) is a view illustrating alignment process of
a CF substrate (second substrate) in Comparative Example
L.

[0038] FIG.20(a)1s a view illustrating a state of alignment
process in Comparative Example 1, FIG. 20(3) is a sche-
matic plan view illustrating tilt azimuthal directions of liquid
crystal molecules in Comparative Example 1, and FIG. 20(c)
is an enlarged picture of Comparative Example 1 at the time
of voltage application.

[0039] FIG. 21 is a picture of one pixel in Comparative
Example 2 at the time of voltage application.

[0040] FIG. 22(a) is a view illustrating alignment process
of a TFT substrate (first substrate) in Comparative Example
3, and FIG. 22(b) is a view illustrating alignment process of
a CF substrate (second substrate) in Comparative Example
3.

[0041] FIG.23(a)is a view illustrating a state of alignment
process in Comparative Example 3, FIG. 23(d) is a sche-
matic plan view illustrating tilt azimuthal directions of liquid
crystal molecules in Comparative Example 3, and FIG. 23(¢)
is an enlarged picture of Comparative Example 3 at the time
of voltage application.

[0042] FIG. 24 is a graph showing a relationship between
a pixel pitch and a mode efficiency ratio.

[0043] FIG. 25 is a graph showing a relationship between
a pre-tilt angle and a mode efficiency ratio.

[0044] FIG. 26 is a graph showing a relationship between
a pre-tilt angle and a response speed.

[0045] FIG. 27 is a graph showing a relationship between
an applied voltage and normalized contrast.

[0046] FIG. 28 is a graph showing a relationship between
a pre-tilt angle and contrast.

DESCRIPTION OF EMBODIMENTS

[0047] Now, description is made on an embodiment of the
disclosure. The disclosure is not limited to contents
described in the embodiment below, and a design change can
be made as appropriate within a range of satisfying the
configuration of the disclosure.

[0048] According to an aspect of the disclosure, a liquid
crystal display panel includes, in the following order, a first
substrate including a pixel electrode, a first vertical align-
ment film, a liquid crystal layer containing liquid crystal
molecules, a second vertical alignment film, and a second
substrate including a common electrode, wherein, when no
voltage is applied to the liquid crystal layer, a first tilt angle
of the liquid crystal molecules adjacent to the first vertical
alignment film with respect to the first vertical alignment
film and a second tilt angle of the liquid crystal molecules
adjacent to the second vertical alignment film with respect to
the second vertical alignment film differ from each other, in
a case where the liquid crystal display panel is seen in a plan
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view, and alignment vectors are defined such that an end
closer to the first substrate in a long axis direction of the
liquid crystal molecules is defined as a starting point and an
end closer to the second substrate in the long axis direction
of the liquid crystal molecules is defined as a terminal point,
any one of the first vertical alignment film and the second
vertical alignment film is a photo-alignment film subjected
to alignment process such that a plurality of domains, the
alignment vectors of which differ from each other, are
formed in a region of a display unit, and the display unit
includes, in the following order along a first direction of the
display unit in a plan view, a first domain, a second domain,
a third domain, and a fourth domain, the alignment vectors
of which differ from each other, when a voltage is applied to
the liquid crystal layer.

[0049] According to another aspect of the disclosure, a
liquid crystal display panel includes, in the following order,
a first substrate including a pixel electrode, a first vertical
alignment film, a liquid crystal layer containing liquid
crystal molecules, a second vertical alignment film, and a
second substrate including a common electrode, wherein, in
a case where the liquid crystal display panel is seen in a plan
view, and alignment vectors are defined such that an end
closer to the first substrate in a long axis direction of the
liquid crystal molecules is defined as a starting point and an
end closer to the second substrate in the long axis direction
of the liquid crystal molecules is defined as a terminal point,
any one of the first vertical alignment film and the second
vertical alignment film is a photo-alignment film subjected
to alignment process such that a plurality of domains, the
alignment vectors of which differ from each other, are
formed in a region of a display unit, the other one of the first
vertical alignment film and the second vertical alignment
film is not subjected to the alignment process, and the
display unit includes, in the following order along a first
direction of the display unit in a plan view, a first domain,
a second domain, a third domain, and a fourth domain, the
alignment vectors of which differ from each other, when a
voltage is applied to the liquid crystal layer.

[0050] FIG. 1 is a cross-sectional view schematically
illustrating one example of a liquid crystal display device
according to an embodiment. As illustrated in FIG. 1, the
liquid crystal display device according to the present
embodiment includes a liquid crystal display panel 100 and
a backlight 110 arranged on a back side of the liquid crystal
display panel 100. The liquid crystal display panel 100
includes, in the following order, a first substrate 30 including
pixel electrodes 31, a first vertical alignment film 71, a liquid
crystal layer 40 containing liquid crystal molecules 41, a
second vertical alignment film 72, and a second substrate 50
including counter electrodes 51. The liquid crystal display
panel 100 includes a back face-side polarizer 20 on a side of
the first substrate 30, which is opposite to the liquid crystal
layer 40, a display surface-side polarizer 60 on a side of the
second substrate 50, which is opposite to the liquid crystal
layer 40, and a sealing member 80 in the periphery of the
liquid crystal layer 40.

[0051] First, description is made on a display system of the
liquid crystal display device according to the present
embodiment. In the liquid crystal display device according
to the present embodiment, light enters the liquid crystal
display panel 100 from the backlight 110, alignment of the
liquid crystal molecules 41 of the liquid crystal layer 40 is
switched, and thus an amount of light passing through the
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liquid crystal display panel 100 is controlled. The alignment
of the liquid crystal molecules 41 is switched by applying a
voltage from the plurality of pixel electrodes 31 and the
plurality of counter electrodes 51 to the liquid crystal layer
40. In a case where an applied voltage to the liquid crystal
layer 40 is less than a threshold value (when no voltage is
applied), the first vertical alignment film 71 and the second
vertical alignment film 72 regulate initial alignment of the
liquid crystal molecules 41.

[0052] Any one of the first vertical alignment film 71 and
the second vertical alignment film 72 is a photo-alignment
film subjected to alignment process such that a plurality of
domains, the alignment vectors of which differ from each
other, are formed in one display unit region. The photo-
alignment film is formed of a photo-alignment film material.
The other vertical alignment film is not subjected to align-
ment process. The other vertical alignment film may be a
photo-alignment film, or may not contain a photo-alignment
film material. Only any one of the first vertical alignment
film 71 and the second vertical alignment film 72 is sub-
jected to alignment process, and hence the number of times
of alignment process can be reduced.

[0053] In this specification, the term “alignment process”
indicates polarized light irradiation with respect to the first
vertical alignment film 71 or the second vertical alignment
film 72, and does not indicate non-polarized light irradiation.
It is preferred that the polarized light be linearly polarized
light. The vertical alignment film that is not subjected to
alignment process may be subjected to non-polarized light
irradiation. When the vertical alignment film that is not
subjected to alignment process is subjected to non-polarized
light irradiation, both the substrates can be subjected to an
equal manufacturing process, and generation of a residual
direct current (DC) voltage can be suppressed. Thus, reli-
ability of the liquid crystal display panel can be improved.
Note that with non-polarized light irradiation, the alignment
directions of the liquid crystal molecules are not in one
direction. Thus, when no voltage is applied to the liquid
crystal layer 40, liquid crystal molecules adjacent to the
vertical alignment film subjected to non-polarized light
irradiation are aligned substantially vertical with respect to
the vertical alignment film subjected to non-polarized light
irradiation. Note that non-polarized light irradiation
described above can be performed with a device that does
not include members such as a polarizer 230 and a light
blocking member 240 described later, does not require
adjustment of an irradiation angle, and hence is a simple
process with a fast processing speed as compared to align-
ment process described above. Thus, even when non-polar-
ized light irradiation described above is performed, a prob-
lem of increasing a manufacturing cost and lowering
production capacity does not arise.

[0054] Only any one of the first vertical alignment film 71
and the second vertical alignment film 72 is subjected to
alignment process. Thus, when no voltage is applied to the
liquid crystal layer 40, a first tilt angle of the liquid crystal
molecules adjacent to the first vertical alignment film 71
with respect to the first vertical alignment film 71 and a
second tilt angle of the liquid crystal molecules adjacent to
the second vertical alignment film 72 with respect to the
second vertical alignment film 72 can be different from each
other. When no voltage is applied to the liquid crystal layer
40, a difference between the first tilt angle and the second tilt
angle may be 30° or less. When the difference exceeds 30°,
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there may be a possibility of lowering contrast of the liquid
crystal display panel. A lower limit of the difference is
preferably 1°, and an upper limit of the difference is pref-
erably 20°, more preferably, 10°, particularly preferably, 5°.

[0055] When no voltage is applied to the liquid crystal
layer 40, the tilt angle of the liquid crystal molecules
adjacent to the vertical alighment film subjected to align-
ment process, which is selected from the first vertical
alignment film 71 and the second vertical alighment film 72,
may be 86° or greater and less than 90°. When no voltage is
applied to the liquid crystal layer 40, the liquid crystal
molecules adjacent to the vertical alignment film that is not
subjected to alignment process is preferably aligned sub-
stantially vertically with respect to the vertical alignment
film that is not subjected to alignment process described
above. When a voltage is applied between the pixel elec-
trodes 31 and the counter electrodes 51, a vertical electric
field is generated in the liquid crystal layer 40, and the liquid
crystal molecules 41 in the liquid crystal layer 40 are aligned
in a further largely tilted manner along the tilt azimuthal
directions of the liquid crystal molecules adjacent to the
vertical alignment film subjected to alignment process
described above.

[0056] In this specification, description is made on the tilt
azimuthal direction of the liquid crystal molecule 41 by
utilizing an alignment vector in a case that an end closer to
the first substrate 30 in a long axis direction of the liquid
crystal molecules 40 is denoted by a starting point (herein-
after, also referred to as “tail of liquid crystal director”) 41S
and an end closer to the second substrate 50 in the long axis
direction of the liquid crystal molecules 40 is denoted by a
terminal point (hereinafter, also referred to as “head of liquid
crystal director”) 41T when the liquid crystal display panel
100 is seen in a plan view as appropriate. Note that the
alignment vector is in the same direction as the tilt azimuthal
direction of the liquid crystal molecule 41 with respect to the
first vertical alignment film 71 on the first substrate 30 side,
and is in the reverse direction to the tilt azimuthal direction
of the liquid crystal molecule 41 with respect to the second
vertical alignment film 72 on the second substrate 50 side.
In this specification, the term “azimuthal direction” indicates
orientation as seen with projection on a substrate plane, and
a tilt angle (polar angle, pre-tilt angle) with respect to a
normal direction of the substrate plane is not considered. In
a case where a voltage is applied, the liquid crystal mol-
ecules 41 are aligned in a largely tilted manner while
maintaining the tilt azimuthal directions at the time when no
voltage is applied. Thus, the starting point 41S and the
terminal point 41T of the alignment vector may be con-
firmed under a state in which a voltage is applied to the
liquid crystal layer 40.

[0057] Any of the first vertical alignment film 71 and the
second vertical alignment film 72 may be subjected to
alignment process. However, in view of improving a
response speed of the liquid crystal display panel, the second
vertical alignment film 72 is preferably subjected to align-
ment process. Here, when the first vertical alignment film 71
formed on the first substrate 30 is subjected to alignment
process, the liquid crystal molecules 41 in the vicinity of the
first substrate 30 are applied with a constant pre-tilt angle
and a constant pre-tilt azimuthal direction due to an align-
ment regulating force of the first vertical alignment film 71.
When a voltage is applied to the liquid crystal layer 40, the
liquid crystal molecules 41 are uniformly aligned horizon-
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tally with respect to the substrate in conformity with the
pre-tilt azimuthal direction. Further, in a case where slits are
formed in the pixel electrodes 31, when a voltage is applied
to the liquid crystal layer 40, an electric field formed by the
slits 32 is generated. A response speed of the liquid crystal
molecules 41 depends on the pre-tilt angle of the liquid
crystal molecules 41 at the time when no voltage is applied,
a magnitude of the electric field and orientation of the
electric field at the time when a voltage is applied, and the
like. When the first vertical alignment film 71 is subjected to
alignment process, the pre-tilt azimuthal direction and ori-
entation of the electric field of the liquid crystal molecules
41 are different from each other, and hence directions of
alignment regulating forces are not aligned, which may
cause a possibility of delaying a response of the liquid
crystal molecules 41. Meanwhile, in a case where the second
vertical alignment film 72 formed on the second substrate 50
is subjected to alignment process, when a voltage is applied
to the liquid crystal layer 40, an alignment regulating force
of the electric field formed by the slits 32 acts on the liquid
crystal molecules 41 in the vicinity of the first substrate 30,
and an alignment regulating force of the second vertical
alignment film 72 acts on the liquid crystal molecules 41 in
the vicinity of the second substrate 50. The two alignment
regulating forces do not collide with each other, and hence
the liquid crystal molecules 41 can smoothly move when
only the second vertical alignment film 72 is subjected to
alignment process.

[0058] Whether the first vertical alignment film 71 or the
second vertical alignment film 72 is subjected to alignment
process can be confirmed by measuring an average tilt angle
of the liquid crystal molecules in the liquid crystal layer.
First, the liquid crystal display panel is dismantled, and the
first substrate and the second substrate are taken out. Each
of the first substrate and the second substrate that are taken
out is attached to another substrate, and a liquid crystal
composition fills therein. In this manner, an alignment
confirmation cell for the first substrate and an alignment
confirmation cell for the second substrate are produced. The
other substrate is a substrate including electrodes and a
vertical alignment film formed thereon. The vertical align-
ment is not subjected to alignment process for applying a
pre-tilt angle. With respect to each of the alignment confir-
mation cell for the first substrate and the alignment confir-
mation cell for the second substrate, the average tilt angle of
the liquid crystal molecules in the liquid crystal layer is
measured under a state of not applying a voltage.

[0059] The average tilt angle measurement can be per-
formed through use of, for example, a polarized light
analysis device (OPTIPRO available from SHINTEC Co.,
Ltd.). A pre-tilt angle obtained by the polarized light analysis
device is an average value (an average value in bulk) of tilt
angles of the liquid crystal molecules of the liquid crystal
layer. There is a correlation between the average tilt angle of
the liquid crystal molecules and a tilt angle (pre-tilt angle) of
the liquid crystal molecules at an interface between the first
vertical alignment film 71 or the second vertical alignment
film 72, and the liquid crystal layer 40. The average tilt angle
is measured for each of the confirmation cells. With this,
whether the alignment film formed on the first substrate and
the alignment film formed on the second substrate are
subjected to alignment process can be determined. The
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pre-tilt angle of the liquid crystal molecules with respect to
each of the alignment film can be calculated from the value
of the average tilt angle.

[0060] The photo-alignment film material indicates a gen-
eral material that has a structural change caused by irradia-
tion with light (electromagnetic waves) such as ultraviolet
light and visible light, and exhibits a characteristic (align-
ment regulating force) of regulating the alignment of the
liquid crystal molecules 41 present in the vicinity, and that
changes in a magnitude and/or orientation of the alignment
regulating force. The photo-alignment film material
includes, for example, a photoreactive site in which a
reaction such as dimerizaion (formation of a dimer), isomer-
ization, photo fries rearrangement, and decomposition is
caused by photo-irradiation. Examples of the photoreactive
site (functional group) that is dimerized and isomerized by
photo-irradiation include cinnamates, cinnamoyl, 4-chal-
cone, coumarin, stilbene, and the like. Examples of the
photoreactive site (functional group) that is isomerized by
photo-irradiation include azobenzene and the like. Examples
of the photoreactive site that is subjected to photo fries
rearrangement due to photo-irradiation include a phenolic
ester structure and the like. Examples of the photoreactive
site that is decomposed by photo-irradiation include a dian-
hydride containing a cyclobutane ring, such as 1,2,3,4-
cyclobutane  tetracarboxylic  acid-1,2:3,4-dianhydride
(CBDA), and the like. The photo-alignment film material
preferably has a vertical alignment property that enables use
in a vertical alignment mode. Examples of the photo-
alignment film material include polyamide (polyamic acid),
polyimide, a polysiloxane derivative, methyl methacrylate,
polyvinyl alcohol, and the like including a photoreactive
site.

[0061] FIG. 2 is a plan view schematically illustrating the
tilt azimuthal directions of the liquid crystal molecules in the
liquid crystal layer in the embodiment. As illustrated in FIG.
2, on the liquid crystal display panel 100 according to the
present embodiment, a plurality of pixels 10 are arrayed in
a matrix shape. Here, a display unit region indicates a region
overlapping with a single pixel electrode 31. The display
unit region is also referred to as a pixel. The liquid crystal
display panel 100 includes pixels that overlap with R (red)
color filters, pixels that overlap with G (green) color filters,
and pixels that overlap with B (blue) color filters. In FIG. 2,
a part surrounded by the dotted line corresponds to one
display unit (one pixel). In the present embodiment, the
second substrate 50 in which the red (R) color filter, the
green (G) color filter, and the blue (B) color filter are
arranged in the stated order on a row basis is used.

[0062] In the pixel 10, a plurality of domains having
different alignment vectors are provided. These domains can
be formed by subjecting any one of the first vertical align-
ment film 71 and the second vertical alignment film 72 to
alignment process. When a voltage is applied to the liquid
crystal layer 40, the liquid crystal molecules 41 are aligned
in a tilted manner to match with the alignment vectors of the
plurality of domains.

[0063] FIG. 2 illustrates the liquid crystal molecules 41
with pins (cones) for easy understanding of the tilt azimuthal
directions of the liquid crystal molecules 41. A bottom
surface of the cone indicates the second substrate 50 side
(observer side), and an apex of the cone indicates the first
substrate 30 side. FIG. 2 illustrates a case where the liquid
crystal display panel 100 is observed from the second
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substrate 50 side. FIG. 3 is a view illustrating a relationship
between the tilt azimuthal directions of the liquid crystal
molecules and the alignment vectors. As illustrated in FIG.
2, when a voltage is applied to the liquid crystal layer 40, in
a plan view, the display unit 10 includes a first domain 10q,
a second domain 105, a third domain 10c, and a fourth
domain 104, which have alignment vectors different from
one another, in the stated order along a first direction of the
display unit 10. The alignment vectors of the four domains
included in one display unit are different from one another,
and hence a viewing angle characteristic of the liquid crystal
display panel 100 can be improved. In a case where the first
direction is set parallel to any one of a polarization axis of
the back face-side polarizer 20 and a polarization axis of the
display surface-side polarizer 60, each of the alignment
vectors of the four domains preferably forms an angle of 45°
with the first direction. With this arrangement, transmittance
of the display unit 10 can be improved.

[0064] When a voltage is applied to the liquid crystal layer
40, two adjacent domains in one display unit may have
terminal points of the liquid crystal molecules facing with
each other, and the alignment vectors of the two adjacent
domains may be parallel to each other (may form an angle
of approximately 180°) (hereinafter, referred to as a first
boundary condition). The two adjacent domains in one
display unit may have the terminal points of the liquid
crystal molecules facing with each other, and the alignment
vectors of the two adjacent domains may be orthogonal to
each other (may form an angle of approximately 90°)
(hereinafter, referred to as a second boundary condition).
The two adjacent domains in one display unit may have
starting points of the liquid crystal molecules facing with
each other, and the alignment vectors of the two adjacent
domains may be parallel to each other (may form an angle
of approximately 180°) (hereinafter, referred to as a third
boundary condition). The two adjacent domains in one
display unit may have the starting points of the liquid crystal
molecules facing with each other, and the alignment vectors
of the two adjacent domains may be orthogonal to each other
(may form an angle of approximately 90°) (hereinafter,
referred to as a fourth boundary condition). With regard to
the two adjacent domains in one display unit, a starting point
of a liquid crystal molecule in one domain and a terminal
point of a liquid crystal molecule in the other domain may
face with each other (hereinafter, referred to as a fifth
boundary condition).

[0065] Note that the alignment vector in each domain is
positioned at the center of the domain in a plan view, and can
be determined by orientation of the liquid crystal molecule
41 positioned at the center of the liquid crystal layer in a
cross-sectional view. In this specification, the term “orthogo-
nal (form an angle of approximately 90°)” includes a sub-
stantially orthogonal state within a range of obtaining effects
of the disclosure, and specifically indicates formation of an
angle of from 75° to 105°, preferably, an angle of from 80°
to 100°, more preferably, an angle of from 85° to 95°. In this
specification, the term “parallel (form an angle of approxi-
mately 180°)” includes a substantially parallel state within a
range of obtaining effects of the disclosure, and specifically
indicates formation of an angle of from -15° to +15°,
preferably an angle of from 10° to +10°, more preferably, an
angle of from -5° to +5°.

[0066] A relationship between the first domain 10 and the
second domain 105 and a relationship between the third

Jul. 16, 2020

domain 10¢ and the fourth domain 104 in the display unit 10,
which are illustrated in FIG. 2, correspond to the first
boundary condition. A relationship between the second
domain 105 and third domain 10c¢ illustrated in FIG. 2
corresponds to the fourth boundary condition. The display
unit 10 includes the first boundary condition, the fourth
boundary condition, and the first boundary condition in the
stated order in one display unit.

[0067] (a) and (b) of FIG. 4 are plan views schematically
illustrating other tilt azimuthal directions of the liquid crys-
tal molecules in the liquid crystal layer. (a) and (b) of FIG.
4 illustrate a case where the liquid crystal display panel 100
is observed from the second substrate 50 side. A relationship
between the first domain 10a and the second domain 105 and
a relationship between the third domain 10¢ and the fourth
domain 104 in a display unit 11, which are illustrated in (a)
of FIG. 4, and a relationship between the first domain 10a
and the second domain 105 and a relationship between the
third domain 10¢ and the fourth domain 104 in a display unit
12, which are illustrated in (b) of FIG. 4, all correspond to
the second boundary condition. A relationship between the
second domain 105 and the third domain 10¢ in the display
unit 11 and a relationship between the second domain 105
and the third domain 10¢ in the display unit 12 all corre-
spond to the third boundary condition. The display units 11
and 12 each include the second boundary condition, the third
boundary condition, and the second boundary condition in
the stated order in one display unit.

[0068] In order to achieve a satisfactory viewing angle
characteristic, the display units 10, 11, and 12 each include
a combination of the four alignment vectors in which the
alignment vector of the first domain 10a, the alignment
vector of the second domain 105, the alignment vector of the
third domain 10¢, and the alignment vector of the fourth
domain 104 are oriented in different directions by 90°.
[0069] When no voltage is applied to the liquid crystal
layer, a twist angle of the liquid crystal molecule between
the first substrate and the second substrate may be 45° or
less. It is preferred that the twist angle be approximately 0°.
That is, in the first domain 10a, the second domain 105, the
third domain 10¢, and the fourth domain 104, an angle
formed between the tilt azimuthal direction of the liquid
crystal molecule 41 with respect to the first vertical align-
ment film 71 on the first substrate 30 side and the tilt
azimuthal direction of the liquid crystal molecule 41 with
respect to the second vertical alignment film 72 on the
second substrate 50 side is preferably, 45° or less, more
preferably, approximately 0°.

[0070] Next, description is made on an overall configura-
tion of the liquid crystal display device according to the
present embodiment. The first substrate 30 may be, for
example, an active matrix substrate (TFT substrate). The
TFT substrate that is generally used in a field of the liquid
crystal display panel may be used. FIG. 5 is a plan view
schematically illustrating an electrode and wiring line struc-
ture in the first substrate in the embodiment. Examples of the
configuration of the TFT substrate in a plan view include a
configuration of providing, on a transparent substrate, a
plurality of parallel gate signal lines G1 and G2, a plurality
of source signal lines S1, S2, S3, and S4, which extend in a
direction orthogonal to the gate signal lines and are formed
to be parallel to one another, active elements such as TFTs
13 arranged correspondingly to intersection points between
the gate signal lines and the source signal lines, the pixel
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electrodes 31 arranged in a matrix shape in regions defined
by the gate signal lines and the source signal lines, and the
like. Capacitance wiring lines may be arranged in parallel to
the gate signal lines G.

[0071] An oxide semiconductor is used to form a channel,
and the resultant is suitably used as the TFT. Examples of the
oxide semiconductor include a compound (In—Ga—7Zn—
0) formed of indium (In), gallium (Ga), zinc (Zn), and
oxygen (0), a compound (In-Tin-Zn—O) formed of indium
(In), tin (Tin), zinc (Zn), and oxygen (O), a compound
(In—Al—Zn—0) formed of indium (In), aluminum (Al),
zine (Zn), and oxygen (O), and the like.

[0072] The pixel electrodes 31 are preferably arranged to
overlap with the first domain 10a, the second domain 105,
the third domain 10¢, and the fourth domain 10d. A single
pixel electrode 31 is arranged to overlap with the four
domains. Thus, an electric field having the same magnitude
is applied to the first domain 10a, the second domain 105,
the third domain 10c¢, and the fourth domain 104 in a
thickness direction of the liquid crystal layer 40 when a
voltage is applied to the liquid crystal layer 40.

[0073] The pixel electrode 31 may be a planar electrode
(solid electrode) without slits, or may be provided with slits.
FIG. 6 is a schematic plan view illustrating an example of
the pixel electrode without slits. When slits are not provided
in the pixel electrodes 31, luminance unevenness among the
pixels due to variation of slit processing is not caused. Thus,
even in a case that the display panel is applied to a liquid
crystal display panel with a large screen, display unevenness
is less likely to be visually recognized. FIG. 6 and FIG. 7
described later illustrate a case where the liquid crystal
display panel 100 is observed from the second substrate 50
side.

[0074] FIG. 7 is a schematic plan view illustrating an
example of the pixel electrode with slits. As illustrated in
FIG. 7, the pixel electrodes 31 may be provided with at least
one slit 32. By providing the slits 32, the tilt azimuthal
directions of the liquid crystal molecules 41 can be con-
trolled with the electric field formed with the slits at the time
of voltage application.

[0075] The slits 32 are provided in regions of the pixel
electrode 31 overlapping with the above-described domains.
When a voltage is applied to the liquid crystal layer 40, the
alignment vectors of the domains may be parallel to exten-
sion directions of the slits 32. The slits 32 may be provided
in the entire regions of the pixel electrode 31 overlapping
with the domains.

[0076] A width of the slit 32 may be | pm to 8 pm. When
the plurality of slits 32 are provided, a distance between the
adjacent slits 32 may be, for example, 1 um to 8 pm.
[0077] The pixel electrode 31 may be a transparent elec-
trode, and may be formed of, for example, a transparent
conductive material such as indium tin oxide (ITO), indium
zine oxide (IZO), zinc oxide (ZnO), tin oxide (SnO), and the
like or an alloy of those.

[0078] The second substrate 50 includes the counter elec-
trodes 51, and may be a color filter substrate (CF substrate),
for example. The color filter substrate that is generally used
in a field of the liquid crystal display panel may be used.
Examples of the configuration of the color filter substrate
include a configuration of providing, on a transparent sub-
strate, a black matrix formed in a lattice pattern and color
filters formed on an inner side of the lattice, that is, the pixel,
and the like. The black matrix may be formed in a lattice
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pattern on one pixel basis while overlapping with boundaries
of the pixels, and may further be formed in a lattice pattern
on a half pixel basis while transversely crossing a center of
one pixel in a short-hand direction. The black matrix is
formed to overlap with regions in which dark lines are
formed. With this, the dark lines are less likely to be
observed.

[0079] The counter electrodes 51 are arranged to face the
pixel electrodes 31 with the liquid crystal layer 40 inter-
posed therebetween. A vertical electrical field is formed
between the counter electrodes 51 and the pixel electrodes
31, and the liquid crystal molecules 41 are tilted. In this
manner, display can be performed. For example, the color
filters may be arranged on a row basis in the order ofred (R),
green (G), and blue (B), in the order of yellow (Y), red (R),
green ((3), and blue (B), or in the order of red (R), green (G),
blue (B), and green (G).

[0080] The counter electrode 51 is preferably a planar
electrode. The counter electrodes 51 may be a transparent
electrode, and may be formed of, for example, a transparent
conductive material such as indium tin oxide (ITO), indium
zinc oxide (IZ0), zinc oxide (Zn0), tin oxide (Sn0), and the
like or an alloy of those.

[0081] In the liquid crystal display panel 100 according to
the present embodiment, the first substrate 30 and the second
substrate 50 are attached to each other with the sealing
member 80, which is provided to surround the periphery of
the liquid crystal layer 40, and the liquid crystal layer 40 is
retained in a predetermined region. As the sealing member
80, for example, an epoxy resin containing an inorganic filler
or an organic filler and a curing agent or the like may be
used.

[0082] In the present embodiment, a Polymer Sustained
Alignment (PSA) technique may be adopted. With the PSA
technique, a liquid crystal composition containing photo-
polymerizable monomers is encapsulated between the first
substrate 30 and the second substrate 50, and then the liquid
crystal layer 40 is irradiated with light to polymerize the
photo-polymerizable monomers. With this, polymers are
formed on the surfaces of the first vertical alignment film 71
and the second vertical alignment film 72, and those poly-
mers fix the initial tilt (pre-tilt) of the liquid crystal.
[0083] The polarization axis of the back face-side polar-
izer 20 and the polarization axis of the display surface-side
polarizer 60 may be orthogonal to each other. Note that the
polarization axis may be an absorption axis of the polarizer
or a transmission axis of the polarizer. Typical examples of
the back face-side polarizer 20 and the display surface-side
polarizer 60 are obtained by causing anisotropic materials
such as dichromatic iodine complexes to be aligned and
absorbed in a polyvinyl alcohols (PVA) film. Generally,
protection films such as triacetylcellulose films are lami-
nated on both surfaces of the PVA film for practical use.
Note that optical films such as phase difference films may be
arranged between the back face-side polarizer 20 and the
first substrate 30 and between the display surface-side
polarizer 60 and the second substrate 50.

[0084] The backlight 110 is not particularly limited as long
as the backlight emits light containing visible light. The
backlight 110 may emit light containing only visible light, or
may emit light containing both visible light and ultraviolet
light. For enabling the liquid crystal display device to
perform color display, a backlight emitting white light is
preferably used. As a type of the backlight, a light emitting
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diode (LED) is preferably used, for example. Note that, in
this specification, the term “visible light” indicates light
(electromagnetic waves) having a wavelength of 380 nm or
greater and less than 800 nm.

[0085] The liquid crystal display device according to the
present embodiment is configured by an external circuit such
as a tape carrier package (TCP) and a printed circuit board
(PCB), an optical film such as a viewing angle expansion
film and a luminance improving film, and a plurality of
members such as a bezel (frame) in addition to the liquid
crystal display panel 100 and the backlight 110. Some of the
members may be incorporated in other members. Members
other than the members that have been described already are
not particularly limited, and members that are usually used
in a field of the liquid crystal display device may be used.
Thus, description therefor is omitted.

[0086] A specific example of alignment process is given
below. FIG. 8 is an outline view illustrating one example of
a photo-alignment processing device. A photo-alignment
processing device 200 illustrated in FIG. 8 subjects a photo-
alignment film (vertical alignment film) formed on a liquid
crystal display panel substrate, to photo-alignment process.
FIG. 8 illustrates the second vertical alignment film 72
formed on the second substrate (liquid crystal display panel
substrate) 50, but the first vertical alignment film 71 can also
be subjected to treatment. The photo-alignment processing
device 200 includes a photo-irradiation mechanism 280 and
a stage 250 on which a liquid crystal display panel substrate
is placed.

[0087] The photo-irradiation mechanism 280 includes a
light source 220, the polarizer 230, and a rotation adjustment
mechanism 260. The light source 220 and the polarizer 230
may be arranged in a lamp box 270. A type of the light
source 220 is not particularly limited, and a light source that
is usually used in a field of the photo-alignment processing
device may be used. For example, a low-pressure mercury
lamp, a deuterium lamp, a metal halide lamp, an argon
resonance lamp, and a xenon lamp may be used.

[0088] Light 221 emitted from the light source 220 may be
light (electromagnetic waves) such as ultraviolet light and
visible light and the like, and preferably has a wavelength of
from 280 nm to 400 nm.

[0089] For example, the polarizer 230 extracts linearly
polarized light from the light emitted from the light source
220 to the liquid crystal display panel substrate. Note that
the polarization axis indicates a direction in which an
amount of light passing through the polarizer is maximized.
Examples of the polarizer 230 include an organic resin-
based polarizer, a wire grid polarizer, a polarizing beam
splitter (PBS), and the like.

[0090] Examples of the organic resin-based polarizer
include a polarizer obtained by causing iodine to be
absorbed in polyvinylalcohol and extending the resultant in
a sheet-like shape, and the like.

[0091] The wire grid polarizer including, for example, a
light-transmissive base material and a plurality of metal thin
wires formed on the light-transmissive base material may be
given as an example. The plurality of metal thin wires are
arranged in a cycle shorter than a wavelength of the light
entering the wire grid polarizer. The metal thin wires are
formed of, for example, a metal material such as chromium
having a light absorbent property. By using the wire grid
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polarizer including the metal thin wires with different exten-
sion directions, alignment division treatment can be per-
formed efficiently.

[0092] FIG. 9 is an outline view illustrating alignment
process in a case of using a wire grid polarizer. (a) of FIG.
9 illustrates a case where the liquid crystal molecules are
aligned at an angle of -45° with respect to a light irradiation
direction, and (b) of FIG. 9 illustrates a case where the liquid
crystal molecules are aligned at an angle of +45° with
respect to the photo-irradiation direction. As illustrated in (a)
and (b) of FIG. 9, when the polarizer 230 is a wire grid
polarizer 232, a polarization axis 231 is a direction orthogo-
nal to extension directions of metal thin wires (wire grid)
233. When the wire grid polarizer 232 overlaps with the
liquid crystal display panel substrate and photo-irradiation is
performed, the liquid crystal molecules are aligned in the
azimuthal direction orthogonal to the extension directions of
the metal thin wires 233. Thus, as illustrated in (a) and (b)
of FIG. 9, the wire grid polarizer 232 is arranged, and thus
the extension directions of the metal thin wires 233 form an
angle 02. Then alignment process is formed. With this, the
liquid crystal molecules can be aligned in the desired
azimuthal directions. Note that the angle 02 is an angle
obtained after the polarization axis is adjusted to have a
desired angle with the rotation adjustment mechanism 260
described later, and is an angle adjusted to have the pre-tilt
azimuthal directions of the liquid crystal molecules 41 at an
angle of 45° with respect to a traveling direction of the
substrate (incident direction).

[0093] Examples of the polarizing beam splitter include a
cube type and a plate type, for example. Examples of the
cube type PBS include one in which inclined surfaces of two
prisms are joined and an optical thin film is attached to one
of the inclined surfaces with vapor deposition, for example.
[0094] The polarizer 230 may be arranged vertically with
respect to a photo-irradiation axis. In a case where the
polarizer 230 is not arranged vertically with respect to the
photo-irradiation axis, alignment of the liquid crystal mol-
ecules may be affected in some cases due to a waveguiding
effect in the polarizer 230 and the like. The photo-irradiation
axis indicates a traveling direction of the light 221 emitted
from the light source 220 to the liquid crystal display panel
substrate. The expression “the polarizer is arranged verti-
cally with respect to the photo-irradiation axis” indicates
that arrangement is performed to obtain light emitted to the
liquid crystal display panel substrate in the normal line
direction of the polarizer. The term “vertical” indicates an
angle formed by the normal line of the polarizer and the
photo-irradiation axis, which falls within a range less than
0.5°.

[0095] A wavelength selection filter 235 may be provided
between the light source 220 and the polarizer 230. A main
wavelength of the light emitted through the wavelength
selection filter 235 may be from 280 to 400 nm. When the
selected wavelength is from 280 to 400 nm, a structural
change is caused in the material having a photo-alignment
property, which forms the vertical alignment film formed on
the surface of the liquid crystal display panel substrate, and
an alignment regulating force can be exerted. Intensity of the
light emitted from the light source may be from 10 mJ/cm®
to 100 mJ/cm?.

[0096] The wavelength selection filter 235 is not particu-
larly limited, and a wavelength selection filter that is usually
used in a field of the photo-alignment processing device may
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be used. Examples of the wavelength selection filter 235
include a filter in which material for absorbing light with
wavelengths other than a transmissive wavelength are dis-
persed in the filter, a filter having a surface coated with
material reflecting light with wavelengths other than the
transmissive wavelength, and the like.

[0097] The photo-irradiation angle with respect to the
liquid crystal display panel substrate may be from 30° to
60°. The irradiation angle is indicated with an angle 81 in
FIG. 8, and is an angle formed between the plane of the
liquid crystal display panel substrate and the photo-irradia-
tion axis when the surface of the liquid crystal display panel
substrate is set to an angle of 0° and the normal line of the
liquid crystal display panel substrate is set to an angle of 90°.
[0098] An extinction ratio of the polarizer may be from
50:1 to 500:1. The extinction ratio is expressed with Tmax:
Tmin where Tmax indicates a maximum transmittance in a
case of irradiating the polarizer with light and Tmin indi-
cates a minimum transmittance in a case of rotating the
polarizer by an angle of 90°. As the extinction ratio (a value
of Tmax when Tmin is 1) is higher, light in a desired
polarization axis direction can be extracted. Thus, variation
in the tilt azimuthal directions of the liquid crystal molecules
can be reduced.

[0099] The rotation adjustment mechanism 260 rotates the
polarization axis 231 of the polarizer 230, and adjusts an
exposure direction 253 on the liquid crystal display panel
substrate plane to an angle of approximately 45° with
respect to the photo-irradiation direction 252. The exposure
direction 253 is set to an angle of approximately 45° with
respect to the photo-irradiation direction 252, and thus the
liquid crystal display panel substrate can be subjected to
photo-alignment process with scanning exposure excellent
in productivity while a movement direction 251 of the liquid
crystal display panel substrate and the photo-irradiation
direction 252 remain parallel to each other. As illustrated in
FIG. 8, the photo-irradiation direction 252 is a traveling
direction of the light in a case where the light 221 emitted
from the light source 220 is projected on the liquid crystal
display panel substrate plane. The exposure direction 253
indicates an oscillation direction of the polarized light
emitted from the light source 220 to the liquid crystal display
panel substrate plane through the polarizer 230. The expo-
sure direction 253 determines the pre-tilt azimuthal direction
applied to the liquid crystal molecules by the vertical
alignment film formed on the surface of the liquid crystal
display panel substrate.

[0100] Adjustment of the polarization axis 231 with the
rotation adjustment mechanism 260 is performed by, for
example, the following method. First, the polarizer 230 is
set, and thus the polarization axis 231 is at an angle of 45°
with respect to the photo-irradiation direction 252. The
direction of the polarization axis before adjustment with the
rotation adjustment mechanism is also referred to as a “45°
azimuthal direction”. Next, the rotation adjustment mecha-
nism 260 rotates the polarizer 230 from the 45° azimuthal
direction, and adjusts the azimuthal direction of the polar-
ization axis 231, based on data calculated by geometric
computation in consideration of the photo-irradiation angle
with respect to the liquid crystal display panel substrate, a
refractive index of the alignment film material, and the like.
With the rotation adjustment mechanism 260, the azimuthal
direction of the polarization axis of the polarizer with
respect to the photo-irradiation direction and the exposure
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direction on the substrate surface can match with each other,
and thus the tilt azimuthal directions of the liquid crystal
molecules in the liquid crystal display panel can be set to the
desired angles.

[0101] The rotation adjustment mechanism 260 may rotate
the polarization axis of the polarizer 230 from the 45°
azimuthal direction within a range of from -15° to +15°. The
rotation adjustment mechanism rotates the polarization axis
within the range of from -15° to +15°. With this, even when
the photo-irradiation angle with respect to the liquid crystal
display panel substrate is changed, the tilt azimuthal direc-
tions of the liquid crystal molecules can be set to the desired
angles by adjusting the exposure direction 253. It is pre-
ferred that the liquid crystal molecules have the pre-tilt
azimuthal directions at the time when no voltage is applied
to the liquid crystal layer 40, which is adjusted to an angle
of 45° with respect to the traveling direction of the substrate
(incident direction).

[0102] The photo-alignment processing device 200 may
further include a rotation mechanism 264. The rotation
mechanism 264 is capable of rotating the polarization axis
231 of the polarizer 230 from the 45° azimuthal direction by
any selected one of an angle of approximately 45° and an
angle of approximately 90°. In a case where an azimuthal
direction obtained with clockwise rotation by an angle of
45° with respect to the photo-irradiation direction 252 is
indicated with the +45° azimuthal direction, when the polar-
ization axis 231 of the polarizer 230 is rotated from the +45°
azimuthal direction by an angle of 90°, the polarization axis
231 after rotation is the —-45° azimuthal direction with
respect to the photo-irradiation direction. The polarization
axis 231 is rotated from the +45° azimuthal direction by an
angle of 90°, and is further adjusted by the rotation adjust-
ment mechanism 260. With this, before and after the rota-
tion, photo-irradiation can be performed while the exposure
direction 253 remains at an angle of approximately 45° with
respect to the photo-irradiation direction 252. Thus, the
present embodiment is preferable for manufacturing of the
liquid crystal display panel with a new alignment control
mode in which the four alignment regions with the different
tilt azimuthal directions of the liquid crystal molecules are
arranged along the longitudinal direction of the pixel, as
illustrated in FIG. 2. Further, the liquid crystal display panel
with the new alignment control mode can be manufactured
with scanning exposure. Thus, production efficiency can be
greatly improved. The expression “from the 45° azimuthal
direction by an angle of approximately 45° or an angle of
approximately 90° ” indicates a range forming an angle of
15° clockwise or counterclockwise from the angle of 45° or
the angle of 90° with respect to the 45° azimuthal direction.
The 45° azimuthal direction and the 90° azimuthal direction
indicate ranges of +0.5° from the angle of 45° and the angle
of 90°, respectively.

[0103] The rotation mechanism 264 is also capable of
rotating the polarization axis 231 of the polarizer 230 from
the 45° azimuthal direction by an angle of approximately
45°, When the polarization axis 231 is rotated from the 45°
azimuthal direction by the angle 0f45°, the polarization axis
231 after the rotation is parallel to the photo-irradiation
direction. Thus, the known photo-alignment process in
which the polarization axis of the polarizer and the photo-
irradiation direction match with each other can also be
performed.
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[0104] The stage 250 is a stage on which the liquid crystal
display panel substrate is placed. The liquid crystal display
panel substrate is fixed on the stage 250, and is irradiated
with light while moving the liquid crystal display panel
substrate or moving the light source with respect to the
liquid crystal display panel substrate. With such scanning
exposure, photo-alignment process can be performed effi-
ciently. The photo-irradiation direction with respect to the
liquid crystal display panel substrate, and the movement
direction of the liquid crystal display panel substrate or the
movement direction of the light source 220 are parallel to
each other. Thus, within a photo-irradiation area of one light
source, the angle of the light entering the substrate from the
light source is substantially constant. That is, the angle being
a pre-tilt angle (polar angle) applied to the liquid crystal
molecules is substantially constant. Thus, variation in the
pre-tilt angle in the photo-irradiation area can be suppressed,
and the liquid crystal display panel excellent in display
quality can be manufactured. The photo-alignment process-
ing device 200 may include a stage scanning mechanism that
moves the stage 250 and/or a light source scanning mecha-
nism that moves the light source 220. The term “parallel”
indicates that an angle formed between the photo-irradiation
direction, and the movement direction of the liquid crystal
display panel substrate or the movement direction of the
light source 220 falls within a range of less than 5°. The
movement direction 251 of the liquid crystal display panel
substrate may be the direction illustrated in FIG. 8, or may
be a direction different from the direction illustrated in FIG.
8 by an angle of 180°.

[0105] The photo-alignment processing device 200 may
include the light blocking member 240 and the like in
addition to the above-mentioned mechanisms. While the
light blocking member 240 blocks light from a part not
subjected to photo-irradiation, photo-alignment process is
performed. With this, alignment division treatment can be
performed.

[0106] In a case where the photo-alignment processing
device is used, the azimuthal direction of the polarization
axis of the polarizer with respect to the photo-irradiation
direction and the exposure direction on the liquid crystal
display panel substrate plane can match with each other, and
the tilt azimuthal directions of the liquid crystal molecules
41 in the liquid crystal display panel 100 can be set to the
desired angles.

[0107] Next, description is made on one example of a
method for manufacturing the liquid crystal display panel
100 according to the present embodiment. The method for
manufacturing the liquid crystal display panel 100 according
to the present embodiment is not particularly limited, and a
method that is usually used in a field of the liquid crystal
display panel may be used.

[0108] According to yet another aspect of the disclosure,
a method for manufacturing the liquid crystal display panel
according to the disclosure includes forming a vertical
alignment film on any one of the first substrate and the
second substrate, wherein, the forming a vertical alignment
film 1s a step in which a coating film is formed by applying,
on any one of the first substrate and the second substrate, an
alignment film composition containing a material having a
photo-alignment property, and alignment process is per-
formed such that the coating film is irradiated with light
from a light source, and the alignment process is performed
at a plurality of scanning steps such that four alignment
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regions where exposure directions on the coating film differ
from each other and form an angle of approximately 45°
with respect to the first direction are formed along the first
direction.

[0109] During the vertical alignment film formation, the
vertical alignment film is formed on the substrate of any one
of the first substrate and the second substrate. The vertical
alignment film is preferably formed also on the other sub-
strate. However, in a case where the vertical alignment film
formed on the first substrate is used as a first vertical
alignment film and the vertical alignment film formed on the
second substrate is used as a second vertical alignment film,
it is preferred that only the vertical alignment film of any one
of the first vertical alignment film and the second vertical
alignment film be subjected to alignment process described
above and that the vertical alignment film of the other film
be prevented from being subjected to alignment process
described above.

[0110] Alignment process with respect to any one of the
first vertical alignment film and the second vertical align-
ment film is performed with photo-alignment process, which
is irradiation with light (electromagnetic waves) such as
ultraviolet light and visible light. The light used for photo-
alignment process is polarized light. During photo-align-
ment process described above, any one of the substrates
described above may be irradiated with light in an oblique
direction.

[0111] During the scanning, photo-irradiation may be per-
formed while moving any one of the substrates described
above or moving the light source with respect to any one of
the substrates described above. That is, scanning exposure
may be performed. For the scanning, for example, the light
source that irradiates any one of the first vertical alignment
film and the second vertical alignment film with light is
provided, and a device having a function of performing
continuous scanning exposure for the plurality of pixels can
be used.

[0112] Specific aspects of scanning exposure include an
aspect in which the substrate surface is irradiated with a light
beam emitted from the light source while moving the
substrate, an aspect in which the substrate surface is irradi-
ated with a light beam emitted from the light source while
moving the light source, and an aspect in which the substrate
surface is irradiated with a light beam emitted from the light
source while moving the light source and the substrate, for
example.

[0113] The scanning includes first scanning in which the
movement direction of any one of the substrates described
above is a second direction and the photo-irradiation direc-
tion from the light source is a third direction. The second
direction and the third direction are parallel to each other,
and may be reverse directions. The scanning may further
include second scanning in which the movement direction of
any one of the substrates described above is the second
direction and the photo-irradiation direction from the light
source is the second direction. The scanning may further
include third scanning in which the movement direction of
any one of the substrates described above is the third
direction and the photo-irradiation direction from the light
source is the third direction.

[0114] During the scanning, any one of the substrates
described above may be rotated. By rotating any one of the
substrates described above, the region corresponding to the
first domain to the fourth domain can be subjected to
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alignment process without changing the photo-irradiation
direction from the light source and the movement direction
of any one of the substrates described above. Even in a
narrow space, the region corresponding to the first domain
to the fourth domain can be subjected to alignment process.
Meanwhile, a method with non-rotation of any one of the
substrates described above is advantageous in a view of
throughput (processing capacity).

[0115] With reference to FIG. 10 to FIG. 13, examples of
alignment process through use of the photo-alignment pro-
cessing device 200 are given below. FIG. 10 to FIG. 13 are
views illustrating a first example to a fourth example of
alignment process through use of the photo-alignment pro-
cessing device, respectively. In FIG. 10 to FIG. 13, for
describing the orientation of the liquid crystal display panel
substrate, a cutout part is given at one corner. The actual
liquid crystal display panel substrate is not required to have
a cutout part. The movement direction 251 of the liquid
crystal display panel substrate described in the first example
to the fourth example given below may be different from by
the azimuthal directions illustrated in FIG. 10 to FIG. 13 by
an angle of 180°, respectively.

[0116] In the first example to the fourth example given
below, a case where the second vertical alignment film
formed on the second substrate is subjected to alignment
process. However, the first vertical alignment film formed on
the first substrate may be subjected to alignment process.
When the second vertical alignment film is subjected to
alignment process as in the first example or the third
example given below, the liquid crystal display panel includ-
ing the domains with the alignment vectors as illustrated in
FIG. 2 and the like can be produced. When the second
vertical alignment film is subjected to alignment process as
in the second example or the fourth example given below,
the liquid crystal display panel including the domains with
the alignment vectors as illustrated in (b) of FIG. 4 can be
produced.

[0117] With the first example and the second example of
alignment process, description is given on a method of
rotating the liquid crystal display panel substrate during the
scanning. In the first example of alignment process, as
illustrated in (a) of FIG. 10, first, a region corresponding to
the fourth domain 104 is subjected to first photo-irradiation.
During the first photo-irradiation, the movement direction
251 of the liquid crystal display panel substrate is the second
direction, and the photo-irradiation direction 252 is the third
direction. the above-mentioned photo-irradiation mecha-
nism 280 is used to perform photo-irradiation through the
wavelength selection filter 235 (not illustrated) and the
polarizer 230. The second direction and the third direction
are parallel to each other, and is different from each other by
an angle of 180°. The regions that are not subjected to
photo-irradiation are blocked by the light blocking member
240. The polarization axis 231 of the polarizer 230 is set to
the —-45° azimuthal direction with respect to the photo-
irradiation direction 252. Then, the rotation adjustment
mechanism 260 (not illustrated) adjusts the exposure direc-
tion 253 on the liquid crystal display panel substrate plane
to have an angle of approximately —45° with respect to the
photo-irradiation direction 252. After that, irradiation is
performed with the light 221, and the first photo-irradiation
is performed.

[0118] Subsequently, as illustrated in (b) of FIG. 10, a
region corresponding to the first domain 10q is subjected to
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second photo-irradiation. During the second photo-irradia-
tion, the light blocking member 240 is moved, the move-
ment direction 251 of the liquid crystal display panel sub-
strate is the second direction, and the photo-irradiation
direction 252 is the third direction. Under this state, the
rotation mechanism 264 rotates the polarization axis 231 of
the polarizer 230 from the —45° azimuthal direction by an
angle of 90° to the +45° azimuthal direction with respect to
the photo-irradiation direction 252. Then, the rotation
adjustment mechanism 260 adjusts the polarization axis 231
to perform the second photo-irradiation.

[0119] After that, the liquid crystal display panel substrate
is rotated by an angle of 180°, and as illustrated in (c) of FIG.
10, a region corresponding to the second domain 105 is
subjected to third photo-irradiation. During the third photo-
irradiation, the light blocking member 240 is moved, the
movement direction 251 of the liquid crystal display panel
substrate is the second direction, and the photo-irradiation
direction 252 is the third direction. Under this state, the third
photo-irradiation is performed without changing the polar-
ization axis 231 of the polarizer 230.

[0120] Finally, as illustrated in (d) of FIG. 10, a region
corresponding to the third domain 10¢ is subjected to fourth
photo-irradiation. During the fourth photo-irradiation, the
light blocking member 240 is moved, the movement direc-
tion 251 of the liquid crystal display panel substrate is the
second direction, and the photo-irradiation direction 252 is
the third direction. Under this state, the rotation mechanism
264 rotates the polarization axis 231 of the polarizer 230
from the +45° azimuthal direction by an angle of 90° to the
-45° azimuthal direction with respect to the photo-irradia-
tion direction 252. Then, the rotation adjustment mechanism
260 adjusts the polarization axis 231 to perform the fourth
photo-irradiation.

[0121] A part surrounded by the dotted line in (d) of FIG.
10 is a region corresponding to one pixel. In the liquid
crystal display panel substrate subjected to alignment pro-
cess during the photo-irradiation in the first example, the
regions corresponding to the four alignment regions formed
in one pixel have the exposure directions 253 different from
one another. Specifically, the four alignment regions, which
have different exposure directions on the coating films and
form an angle of approximately 45° with respect to the first
direction of the display unit, are formed along the first
direction. In all the first photo-irradiation to the fourth
photo-irradiation, the polarization axis 231 is preferably
adjusted by the rotation adjustment mechanism 260 so that
the exposure direction 253 on the liquid crystal display panel
substrate plane is at an angle of approximately 45° with
respect to the photo-irradiation direction 252. Note that the
angle of approximately 45° indicates a range of 45°+3° with
respect to the first direction of the display unit.

[0122] The order of subjecting the regions corresponding
to the first domain to the fourth domain to alignment process
is not particularly limited. For example, in the second
example of alignment process, as illustrated in (a) of FIG.
11, the region corresponding to the fourth domain 104 is
subjected to the first photo-irradiation, and as illustrated in
(b) of FIG. 11, the region corresponding to the third domain
10c is subjected to the second photo-irradiation. After that,
the liquid crystal display panel substrate is rotated by an
angle of 180°, and as illustrated in (c) of FIG. 11, the region
corresponding to the second domain 105 is subjected to the
third photo-irradiation. Then, as illustrated in (d) of FIG. 11,
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the region corresponding to the first domain 10a is subjected
to the fourth photo-irradiation. In the second example,
alignment process is performed similarly in the first example
except for the point that the order of performing alignment
process is different. A part surrounded by the dotted line in
(d) of FIG. 11 is a region corresponding to one pixel. As
illustrated in (d) of FIG. 11, by switching the order of
performing alignment process described above, the exposure
directions in the regions corresponding to the first domain to
the fourth domain can be different from those in the first
example.

[0123] With the third example and the fourth example of
alignment process, description is given on a method of not
rotating the liquid crystal display panel substrate during the
scanning. In the third example of alignment process, as
illustrated in (a) of FIG. 12, first, the region corresponding
to the fourth domain 104 is subjected to the first photo-
irradiation. During the first photo-irradiation, photo-irradia-
tion is performed with the movement direction 251 of the
liquid crystal display panel substrate as the second direction
and the photo-irradiation direction 252 as the third direction.
The polarization axis 231 of the polarizer 230 is set to the
-45° azimuthal direction with respect to the photo-irradia-
tion direction 252. Then, the rotation adjustment mechanism
260 (not illustrated) adjusts the exposure direction 253 on
the liquid crystal display panel substrate plane to have an
angle of approximately 45° with respect to the photo-
irradiation direction 252. After that, irradiation is performed
with the light 221, and the first photo-irradiation is per-
formed.

[0124] Subsequently, as illustrated in (b) of FIG. 12, the
region corresponding to the first domain 10« is subjected to
the second photo-irradiation. During the second photo-
irradiation, the light blocking member 240 is moved, the
movement direction 251 of the liquid crystal display panel
substrate is the second direction, and the photo-irradiation
direction 252 is the third direction. Under this state, the
rotation mechanism 264 rotates the polarization axis 231 of
the polarizer 230 from the —45° azimuthal direction by an
angle of 90° to the +45° azimuthal direction with respect to
the photo-irradiation direction 252. Then, the rotation
adjustment mechanism 260 adjusts the polarization axis 231
to perform the second photo-irradiation.

[0125] Further, as illustrated in (c) of FIG. 12, the region
corresponding to the second domain 104 is subjected to the
third photo-irradiation. During the third photo-irradiation,
the light blocking member 240 is moved, the movement
direction 251 of the liquid crystal display panel substrate and
the photo-irradiation direction 252 are the second direction,
and the third photo-irradiation is performed without chang-
ing the polarization axis 231 of the polarizer 230.

[0126] Finally, as illustrated in (d) of FIG. 12, the region
corresponding to the third domain 10c¢ is subjected to the
fourth photo-irradiation. During the fourth photo-irradiation,
the light blocking member 240 is moved, and the movement
direction 251 of the liquid crystal display panel substrate and
the photo-irradiation direction 252 are the second direction.
Under this state, the rotation mechanism 264 rotates the
polarization axis 231 of the polarizer 230 from the +45°
azimuthal direction by an angle of 90° to the —45° azimuthal
direction with respect to the photo-irradiation direction 252.
After that, the rotation adjustment mechanism 260 adjusts
polarization axis 231 to perform the fourth photo-irradiation.
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[0127] A part surrounded by the dotted line in (d) of FIG.
12 is a region corresponding to one pixel. In the liquid
crystal display panel substrate subjected to alignment pro-
cess during the photo-irradiation in the first example, the
regions corresponding to the four alignment regions formed
in one pixel have the exposure directions 253 different from
one another. Specifically, the four alignment regions, which
have different exposure directions on the coating films and
form an angle of approximately 45° with respect to the first
direction of the display unit, are formed along the first
direction.

[0128] Even in a case where the liquid crystal display
panel substrate is not rotated, the order of subjecting the
region corresponding to the first domain to the fourth
domain to alignment process is not particularly limited. For
example, in the fourth example of alignment process, as
illustrated in (a) of FIG. 13, the region corresponding to the
first domain 10a is subjected to the first photo-irradiation. As
illustrated in (b) of FIG. 13, the region corresponding to the
second domain 105 is subjected to the second photo-irra-
diation, As illustrated in (¢) of FIG. 13, the region corre-
sponding to the third domain 10c is subjected to the third
photo-irradiation. As illustrated in (d) of FIG. 13, the region
corresponding to the fourth domain 104 is subjected to the
fourth photo-irradiation. In the fourth example, alignment
process is performed similarly in the third example except
for the point that the order of performing alignment process
is different. A part surrounded by the dotted line in (d) of
FIG. 13 is a region corresponding to one pixel. As illustrated
in (d) of FIG. 13, by switching the order of performing
alignment process described above, the exposure directions
in the regions corresponding to the first domain to the fourth
domain can be different from those in the third example.
[0129] The disclosure is described in more detail below
using examples and comparative examples. However, the
disclosure is not limited only to these examples.

Example 1

[0130] First, as the first substrate, a TFT substrate includ-
ing a TFT, pixel electrodes, signal lines, and the like on a
glass substrate was prepared. As the second substrate, a CF
substrate including a black matrix, color filters, counter
electrodes, and the like on a glass substrate was prepared. In
Example 1, as the pixel electrodes, the pixel electrodes with
slits formed therein as illustrated in FIG. 7 were used. As the
counter electrodes, the solid electrodes without openings
(slits) were used. Subsequently, an alignment film compo-
sition was applied on the surface of the TFT substrate, and
the coating film was formed. After that, the coating film was
heated at a temperature of 80° C. or less, and then was
heated at a temperature of 200° C. or 230° C. during final
heat treatment. In this manner, the first vertical alignment
film was formed. Similarly to the first vertical alignment
film, the second vertical alignment film was formed on the
surface of the CF substrate. The alignment film composition
contained a photo-alignment film material including a cin-
namate group as a material having a photo-alignment prop-
erty.

[0131] Subsequently. through use of a photo-alignment
processing device including a mechanism that performs
irradiation by emitting light from the light source illustrated
in FIG. 8 through the polarizer (photo-irradiation mecha-
nism), the CF substrate on which the second vertical align-
ment film was performed was subjected to alignment pro-
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cess. During alignment process described above, scanning
exposure was performed, and irradiation was performed
with linearly polarized light having a main wavelength of
313 nm and intensity of 20 mJ/cm®. FIG. 14 is a view
illustrating alignment process of the CF substrate (second
substrate) in Example 1. FIG. 14 illustrates the exposure
directions when the CF substrate was observed from the
second vertical alignment film side. As illustrated in FIG. 14,
the first photo-irradiation to the fourth photo-irradiation
were performed, and the four alignment regions, which had
the different exposure directions 254 on the coating films
and formed an angle of approximately 45° with respect to
the first direction of the display unit, were formed along the
first direction. The first vertical alignment film was not
subjected to alignment process.

[0132] A sealing material was applied to one of the
substrates, and a liquid crystal composition containing a
negative-working liquid crystal material was dripped down.
Then, the substrate was attached to the other substrate to
form a liquid crystal layer, and the sealing material was
cured. In this manner, a liquid crystal cell 111 in Example 1
was produced. (a) of FIG. 15 is a view illustrating a state of
alignment process in Example 1, (b) of FIG. 15 is a
schematic plan view illustrating tilt azimuthal directions of
liquid crystal molecules in Example 1, and (c) of FIG. 15 is
an enlarged picture of Example 1 at the time of voltage
application. (a) to (c) of FIG. 15 each illustrate one display
unit of the liquid crystal cell 111 in Example 1, and illustrate
a case where the liquid crystal cell 111 was observed from
the glass substrate side of the CF substrate.

[0133] Through use of a polarized light analysis device
(OPTIPRO available from SHINTEC Co., Ltd.), the average
tilt angle of the liquid crystal molecules in the liquid crystal
layer of the liquid crystal cell in Example 1 was measured.
The average tilt angle of the liquid crystal cell in Example
1 was 89.4°. FIG. 16 is a graph illustrating a relationship
between the average tilt angle of the liquid crystal molecules
in the liquid crystal layer and the pre-tilt angle of the liquid
crystal molecules. From FIG. 16, it was found out that the
pre-tilt angle of the liquid crystal molecules with respect to
the second vertical film was approximately 89°.

Example 2

[0134] In Example 2, a liquid crystal cell in Example 2
was produced similarly in Example 1 except for using solid
electrodes without openings (slits) as pixel electrodes as
illustrated in FIG. 6. The average tilt angle of the liquid
crystal cell in Example 2 was 89.4°. From FIG. 16, it was
found out that the pre-tilt angle of the liquid crystal mol-
ecules with respect to the second vertical film was approxi-
mately 89°.

Example 3

[0135] In Example 3, a liquid crystal cell 113 in Example
3 was produced similarly in Example 1 except for subjecting
the first vertical alignment film formed on the TFT side to
alignment process and not subjecting the second vertical
alignment film formed on the CF substrate side to alignment
process. FIG. 17 is a view illustrating alignment process of
the TFT substrate (first substrate) in Example 3. FIG. 17
illustrates the exposure directions when the TFT substrate
was observed from the first vertical alignment film side. As
illustrated in FIG. 17, in Example 3, the TFT substrate was
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subjected to alignment process through use of the same
device under the same conditions as in Example 1 when the
CF substrate was subjected to alignment process. (a) of FIG.
18 is a view illustrating a state of alignment process in
Example 3, and (b) of FIG. 18 is a schematic plan view
illustrating tilt azimuthal directions of liquid crystal mol-
ecules in Example 3. (a) and (b) of FIG. 18 each illustrate
one display unit of the liquid crystal cell 113 in Example 3,
and illustrate a case where the liquid crystal cell 113 was
observed from the glass substrate side of the CF substrate.
The average tilt angle of the liquid crystal cell in Example
3 was 89.4°. From FIG. 16, it was found out that the pre-tilt
angle of the liquid crystal molecules with respect to the first
vertical film was approximately 89°.

Comparative Example 1

[0136] First, similarly to Example 1, the first vertical
alignment film was formed on the surface of the TFT
substrate, and the second vertical alignment film was formed
on the CF substrate. In Comparative Example 1, through use
of an alignment processing device similar to that in Example
1, both the first vertical alignment film and the second
vertical alignment film were subjected to alignment process.
(a) of FIG. 19 is a view illustrating alignment process of the
TFT substrate (first substrate) in Comparative Example 1,
and (b) of FIG. 19 is a view illustrating alignment process
of the CF substrate (second substrate) in Comparative
Example 1. FIG. 19(a) illustrates the exposure directions in
a case where the TFT substrate was observed from the first
vertical alignment film side, and FIG. 19(b) illustrates the
exposure directions in a case where the CF substrate was
observed from the second vertical alignment film side.

[0137] Similarly in Example 1, the TFT substrate and the
CF substrate that were subjected to alignment process
described above were used to produce a liquid crystal cell
300 in Comparative Example 1. (a) of FIG. 20 is a view
illustrating a state of alignment process in Comparative
Example 1, (b) of FIG. 20 is a schematic plan view illus-
trating tilt azimuthal directions of liquid crystal molecules in
Comparative Example 1, and (c) of FIG. 20 is an enlarged
picture of Comparative Example 1 at the time of voltage
application. (a) to (c) of FIG. 20 each illustrate one display
unit of the liquid crystal cell 300 in Comparative Example
1, and illustrate a case where the liquid crystal cell 300 was
observed from the glass substrate side of the CF substrate.
The average tilt angle of the liquid crystal cell in Compara-
tive Example 1 was 88.9°. From FIG. 16, it was found out
that the pre-tilt angles of the liquid crystal molecules with
respect to the first vertical film and the second vertical film
were approximately 88°.

Comparative Example 2

[0138] InComparative Example 2, a liquid crystal cell 301
in Comparative Example 2 was produced similarly in Com-
parative Example 1 except for using solid electrodes without
openings (slits) as pixel electrodes as illustrated in FIG. 6.
The average tilt angle of the liquid crystal cell in Compara-
tive Example 2 was 88.9°. From FIG. 16, the pre-tilt angle
of the liquid crystal molecules with respect to the first
vertical film and the second vertical film were both approxi-
mately 88°. FIG. 21 is a picture of one pixel in Comparative
Example 2 at the time of voltage application.
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Comparative Example 3

[0139] In Comparative Example 3, a liquid crystal cell in
a 4D-RTN mode in which one pixel was divided into eight
domains and aligned was produced. In Comparative
Example 3, a TFT substrate including solid electrodes
without openings (slits) as pixel electrodes and a CF sub-
strate including solid electrodes without openings as com-
mon electrodes were used.

[0140] (a) of FIG. 22 is a view illustrating alignment
process of the TFT substrate (first substrate) in Comparative
Example 3, and (b) of FIG. 22 is a view illustrating align-
ment process of the CF substrate (second substrate) in
Comparative Example 3. As illustrated in (a) of FIG. 22,
first, a right half of one pixel was blocked from light, and a
left half of the one pixel was subjected to the first photo-
irradiation with a movement direction 351 of the TFT
substrate or the light source as a vertical direction and a
photo-irradiation direction 352 parallel to the movement
direction 351 of the TFT substrate and the light source.
Subsequently, the left half of the one pixel was blocked form
light, and the right half of the one pixel was subjected to the
second photo-irradiation with the movement direction 351
of the TFT substrate or the light source and the photo-
irradiation direction 352 as the directions reverse to the first
photo-irradiation. The CF substrate was subjected to align-
ment process in the following manner. As illustrated in (b)
of FIG. 22, first, a lower half of each half pixel (a region
obtained by dividing one pixel into two upper and lower
parts) was blocked from light, and an upper half of each half
pixel was subjected to the first photo-irradiation with the
movement direction 351 of the CF substrate or the light
source as a horizontal direction, and the photo-irradiation
direction 352 parallel to the movement direction 351 of the
TFT substrate or the light source. Subsequently, the upper
half of each half pixel was blocked from light, and the lower
half of each half pixel was subjected to the second photo-
irradiation with the movement direction 351 of the TFT
substrate or the light source and the photo-irradiation direc-
tion 352 as directions reverse to the first photo-irradiation.

[0141] Similarly in Example 1, the TFT substrate and the
CF substrate that were subjected to alignment process
described above were used to produce a liquid crystal cell
302 in Comparative Example 3. (a) of FIG. 23 is a view
illustrating a state of alignment process in Comparative
Example 3, (b) of FIG. 23 is a schematic plan view illus-
trating tilt azimuthal directions of liquid crystal molecules in
Comparative Example 3, and (¢) of FIG. 23 is an enlarged
picture of Comparative Example 3 at the time of voltage
application. (a) to (c) of FIG. 23 each illustrate one display
unit of the liquid crystal cell 302 in Comparative Example
3. As illustrated in (a) of FIG. 23, when the TFT substrate
and the CF substrate were attached to each other, in each
alignment region, a pre-tilt azimuthal direction 353 with
respect to the TFT substrate and a pre-tilt azimuthal direc-
tion 354 with respect to the CF substrate were orthogonal to
each other. As illustrated in (b) of FIG. 23, in the known
4D-RTN mode, a half pixel was divided into four alignment
regions. The tilt azimuthal directions of the liquid crystal
molecules were different from one another in the alignment
regions. In Comparative Example 3, as illustrated in (c) of
FIG. 23, dark lines in a fylfot pattern were formed in each
half pixel. The average tilt angle of the liquid crystal cell in
Comparative Example 3 was 88.9°.From FIG. 16, the pre-tilt
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angle of the liquid crystal molecules with respect to the first
vertical film and the second vertical film were both approxi-
mately 88°.

Evaluation 1

Comparison of Exposure Times

[0142] The exposure times in Examples 1 to 3 and Com-
parative Examples 1 and 2 were compared and collectively
shown in Table 1 give below. As shown in Table 1, the liquid
crystal display panels in Examples 1 to 3 could perform
alignment process with a half of the exposure times in
Comparative Examples 1 and 2 in which both the surfaces
were subjected to exposure.

TABLE 1
Compar-  Compar-
Exposure Example Example Example ative ative
Times 1 2 3 Example 1 Example 2
TFT side 4 4 0 4 4
CF side 0 0 4 4 4
Total 4 4 4 8 8

Evaluation 2

Comparison of Mode Efficiency

[0143] As the liquid crystal cells in Example 1 and Com-
parative Examples 1 to 3, liquid crystal cells in which pixel
pitches were changed were produced. Luminance with volt-
age application and luminance without voltage application
in each liquid crystal cell were measured by the following
method. The pixel pitch corresponded to a longitudinal
direction of one display unit. First, a liquid crystal cell was
arranged between a pair of linear polarizers, and a backlight
was arranged on a back surface of one of the linear polar-
izers. Subsequently, the pair of linear polarizers were
arranged in crossed-Nicol alignment to have the polarization
axes orthogonal to each other. While the backlight was in an
ON state, a voltage of 7 V was applied between the pixel
electrodes and the common electrodes. In this manner, the
luminance with voltage application was measured. The pair
of linear polarizers were rotated by an angle of 90°, and were
arranged in parallel-Nicol alignment to have the polarization
axes parallel to each other. While the backlight was in the
ON state, a voltage was not applied between the pixel
electrodes and the common electrodes. In this manner, the
luminance without voltage application was measured. The
luminance with voltage application and the luminance with-
out voltage application were measured through use of a
spectroradiometer (SR-UL2 available from TOPCON
TECHNOHOUSE CORPORATION).

[0144] From a value of the luminance with voltage appli-
cation and a value of the luminance without voltage appli-
cation in each liquid crystal cell, which were obtained in the
above-mentioned manner, mode efficiency of each liquid
crystal cell was calculated by Equation (1) given below. The
mode efficiency of Comparative Example 3 in which the
pixel pitch was 360 um was set to 100%, and a mode
efficiency ratio of each liquid crystal cell was shown in FIG.
24. F1G. 24 is a graph showing a relationship between the
pixel pitch and the mode efficiency ratio.
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The mode efficiency=the luminance with voltage

application/the luminance without voltage appli-

cation 0
[0145] As shown in FIG. 24, the liquid crystal cell in
Example 1 was largely improved in the mode efficiency ratio
as compared to that in Comparative Example 3, and had the
mode efliciency ratio exceeding 100% even when the pixel
pitch was changed from 180 pum to 360 pm. When Example
1 and Comparative Example 1 were compared, it was found
out that, even with Example 1 in which only the second
vertical alignment film was subjected to alignment process,
the mode efficiency equivalent to that in Comparative
Example 1 in which both the first vertical alignment film and
the second vertical alignment film were subjected to align-
ment process was obtained.

Evaluation 3

[0146] The mode efficiency ratios of Example 2, Com-
parative Example 2, and Comparative Example 3 were
compared. In Comparative Example 2, alignment was per-
formed on both the sides without providing slits to the pixel
electrodes. In Comparative Example 3, the known eight-
domain division was adopted. With regard to the mode
efficiency ratios, the mode efficiency of Comparative
Example 3 in which the pixel pitch was 360 um was set to
100%. The results are shown in Table 2 given below. As
shown in Table 2 given below, it was found out that the mode
efficiency ratio was high in a case where the pixel pitch was
particularly small. As described above, in Example 2, the
slits were not provided to the pixel electrodes. Thus, lumi-
nance unevenness among the pixels due to variation of slit
processing was not caused. Thus, even when the present
embodiment is applied to a liquid crystal display panel with
a large screen, display unevenness is less likely to be
visually recognized. From the matters described above, it
was found out that Example 2 was suitable for producing a
liquid crystal display panel with a high resolution and a large
screetl.

TABLE 2
Compar- Compar-
Example ative ative
Mode efficiency ratio (%) 2 Example 2 Example 3
Pixel pitch 180 pm 85 74 70
240 pm 98 87 82

Evaluation 4

Comparison of Mode Efficiency

[0147] For the liquid crystal cells in Example 1 and
Example 3, the pre-tilt angle was changed, and the mode
efficiency was calculated by a method similar to that
described above. The mode efliciency of Comparative
Example 1 in which the actual measured value of the pre-tilt
angle was 88.9° was set to 100%, and the mode efficiency
ratio of each liquid crystal cell was shown in FIG. 25. FIG.
25 is a graph showing a relationship between the pre-tilt
angle and the mode efficiency ratio. As shown in FIG. 25,
there was no difference between the mode efficiency ratios
of Example 1 and Example 3 even in a case where the pre-tilt
angle was changed. From this point, it was found out that the
mode efliciency ratio was not affected when any one of the
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vertical alignment film on the TFT substrate side and that on
the CF substrate side was subjected to alignment process.

Evaluation on Response Speed

[0148] For the liquid crystal cells in Example 1 and
Example 3, a response speed was measured by the following
method. For the response speed, a response speed evaluation
system, which was formed of a digital function generator
(MIF1974 available from NF CORPORATION), a photo-
sensor (photosensor amplifier C9329 available from Hama-
matsu Photonics Co., Ltd), and an oscilloscope (TDS3034C-
01 available from Tektronix, Inc.), was used. In the response
speed evaluation system, first, the digital function generator
output two freely-selected applied voltages to drive the
liquid crystal cell. Subsequently, through use of the photo-
sensor, a response from the liquid crystal molecules was
detected and converted into a voltage signal. A response
waveform between the voltages of the digital function
generator and the photosensor was input to the oscilloscope
and analyzed. In this manner, the response time of the liquid
crystal molecules was measured. A time period required for
transmittance or luminance of each liquid crystal cell to be
changed from 10% to 90% was measured. In this manner,
the response speed was calculated. The results are shown in
FIG. 26. FIG. 26 is a graph showing a relationship between
the pre-tilt angle and the response speed.

[0149] As shown in FIG. 26, at any pre-tilt angle, Example
1 had a response speed higher than that in Example 3. From
this point, it was found out that higher response speed can
be achieved when the vertical alignment film on the CF
substrate side was subjected to alignment process as com-
pared to the case where the vertical alignment film on the
TFT substrate side was subjected to alignment process.
Particularly, in Example 1, it was found that the configura-
tion with the pre-tilt angle of 89° or less enabled the
response speed to be 8 milliseconds being a guide value for
120 Hz drive, and was suitable for accelerating speed of the
liquid crystal display panel.

Evaluation 5

Evaluation on Contrast

[0150] Through use of a liquid crystal simulator (LCD-
master available from SHINTEC Co., Ltd.), evaluation was
performed on contrast of the liquid crystal cell having the
configuration similar to that in Example 2. For the liquid
crystal cell using solid electrodes without slits as both the
pixel electrodes and the counter electrodes, only the second
vertical alignment film formed on the CF substrate side was
subjected to alignment process similarly in Example 2, and
the pre-tilt angle was changed. Then, simulation was per-
formed on the contrast (CR) change. The first vertical
alignment film formed on the TFT side was not subjected to
alignment process.

[0151] The pre-tilt angle of the liquid crystal molecules
adjacent to the second vertical alignment film was set to 88°,
a CR value with an applied voltage of 2 V was set to 1
(normal value), and contrast with respect to the normal value
was set to normalized contrast. With this, a relationship
between the applied voltage and the normalized contrast was
examined. The results are shown in FIG. 27. FIG. 27 is a
graph showing a relationship between the applied voltage
and the normalized contrast. Further, the CRs with the
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normalized CR of 1 and the CRs with the applied voltage of
0V, which are surrounded by circles in FI1G. 27, are plotted
as shown in FIG. 28 with respect to the pre-tilt angle. FIG.
28 is a graph showing a relationship between the pre-tilt
angle and the contrast. As shown in FIG. 28, in a case where
the pre-tilt angle was between 89° and 85°, the CR was
constant. In a case where the pre-tilt angle was 85° or less,
a coefficient of determination R is R?=0.9892. Thus, the CR
was able to approximate an exponential function of y=0.
0001e2°%**, The value “x” corresponds to the pre-tilt angle
(°) of the liquid crystal molecules with respect to the vertical
alignment film subjected to alignment process in a case
where only one of the vertical alignment films is subjected
to alighment process.

[0152] From FIG. 28, the following matters were found
out. Specifically, in a case where the contrast of the liquid
crystal display panel was set to 1000 or greater, the pre-tilt
angle of the liquid crystal molecules with respect to the
vertical alignment film subjected to alignment process was
preferably 76° or greater. In a case where the contrast was
3000 or greater, the pre-tilt angle was further preferably 81°
or greater. [n a case where the contrast was set to 6700 being
a constant value, the pre-tilt angle was further preferably 85°
or greater.

Supplement

[0153] According to an aspect of the disclosure, a liquid
crystal display panel includes, in the following order, a first
substrate including a pixel electrode, a first vertical align-
ment film, a liquid crystal layer containing liquid crystal
molecules, a second vertical alignment film, and a second
substrate including a common electrode, wherein, when no
voltage is applied to the liquid crystal layer, a first tilt angle
of the liquid crystal molecules adjacent to the first vertical
alignment film with respect to the first vertical alignment
film and a second tilt angle of the liquid crystal molecules
adjacent to the second vertical alignment film with respect to
the second vertical alignment film differ from each other, in
a case where the liquid crystal display panel is seen in a plan
view, and alignment vectors are defined such that an end
closer to the first substrate in a long axis direction of the
liquid crystal molecules is defined as a starting point and an
end closer to the second substrate in the long axis direction
of the liquid crystal molecules is defined as a terminal point,
any one of the first vertical alignment film and the second
vertical alignment film is a photo-alignment film subjected
to alignment process such that a plurality of domains, the
alignment vectors of which differ from each other, are
formed in a region of a display unit, and the display unit
includes, in the following order along a first direction of the
display unit in a plan view, a first domain, a second domain,
a third domain, and a fourth domain, the alignment vectors
of which differ from each other, when a voltage is applied to
the liquid crystal layer.

[0154] When no voltage is applied to the liquid crystal
layer, a twist angle of the liquid crystal molecules between
the first substrate and the second substrate may be 45° or
less.

[0155] When no voltage is applied to the liquid crystal
layer, a tilt angle of the liquid crystal molecules adjacent to
a vertical alignment film that is subjected to the alignment
process out of the first vertical alignment film and the second
vertical alignment film may be 86° or greater and less than
90°,
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[0156] When no voltage is applied to the liquid crystal
layer, a difference between the first tilt angle and the second
tilt angle may be 30° or less.

[0157] The pixel electrode may be provided with at least
one slit.
[0158] The second vertical alignment film may be sub-

jected to alignment process.

[0159] When a voltage is applied to the liquid crystal
layer, the terminal points of the liquid crystal molecules in
two domains adjacent to each other in one display unit may
face with each other, and the alignment vectors of the two
domains adjacent to each other may be parallel to each other.
[0160] When a voltage is applied to the liquid crystal
layer, the terminal points of the liquid crystal molecules in
two domains adjacent to each other in one display unit may
face with each other, and the alignment vectors of the two
domains adjacent to each other may be orthogonal to each
other.

[0161] When a voltage is applied to the liquid crystal
layer, the starting points of the liquid crystal molecules in
two domains adjacent to each other in one display unit may
face with each other, and the alignment vectors of the two
domains adjacent to each other may be parallel to each other.
[0162] When a voltage is applied to the liquid crystal
layer, the starting points of the liquid crystal molecules in
two domains adjacent to each other in one display unit may
face with each other, and the alignment vectors of the two
domains adjacent to each other may be orthogonal to each
other.

[0163] When a voltage is applied to the liquid crystal
layer, the starting point of the liquid crystal molecules of one
domain of two domains adjacent to each other in one display
unit and the terminal point of the liquid crystal molecules of
the other domain may face with each other.

[0164] According to another aspect of the disclosure, a
liquid crystal display panel includes, in the following order,
a first substrate including a pixel electrode, a first vertical
alignment film, a liquid crystal layer containing liquid
crystal molecules, a second vertical alignment film, and a
second substrate including a common electrode, wherein, in
a case where the liquid crystal display panel is seen in a plan
view, and alignment vectors are defined such that an end
closer to the first substrate in a long axis direction of the
liquid crystal molecules is defined as a starting point and an
end closer to the second substrate in the long axis direction
of the liquid crystal molecules is defined as a terminal point,
any one of the first vertical alignment film and the second
vertical alignment film is a photo-alignment film subjected
to alignment process such that a plurality of domains, the
alignment vectors of which differ from each other, are
formed in a region of a display unit, the other one of the first
vertical alignment film and the second vertical alignment
film is not subjected to the alignment process, and the
display unit includes, in the following order along a first
direction of the display unit in a plan view, a first domain,
a second domain, a third domain, and a fourth domain, the
alignment vectors of which differ from each other, when a
voltage is applied to the liquid crystal layer.

[0165] According to yet another aspect of the disclosure,
a method for manufacturing the liquid crystal display panel
according to the disclosure includes forming a vertical
alignment film on any one of the first substrate and the
second substrate, wherein, the forming a vertical alignment
film is a step in which a coating film is formed by applying,
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on any one of the first substrate and the second substrate, an
alignment film composition containing a material having a
photo-alignment property, and alignment process is per-
formed such that the coating film is irradiated with light
from a light source, and the alignment process is performed
at a plurality of scanning steps such that four alignment
regions where exposure directions on the coating film differ
from each other and form an angle of approximately 45°
with respect to the first direction are formed along the first

direction.
REFERENCE SIGNS LIST
[0166] 10, 11, 12 Pixel (display unit)
[0167] 10a First domain
[0168] 105 Second domain
[0169] 10¢ Third domain
[0170] 10d Fourth domain
[0171] 13 TFT
[0172] 20 Back face-side polarizer
[0173] 30 First substrate
[0174] 31 Pixel electrode
[0175] 32 Slit
[0176] 40 Liquid crystal layer
[0177] 41 Liquid crystal molecule
[0178] 41S Starting point (tail of liquid crystal director)
[0179] 41T Terminal point (head of liquid crystal director)
[0180] 50 Second substrate (liquid crystal display panel
substrate)
[0181] 51 Counter electrode
[0182] 60 Display surface-side polarizer
[0183] 71 First vertical alignment film
[0184] 72 Second vertical alignment film
[0185] 80 Sealing member
[0186] 100, 111, 113, 300, 301, 302 Liquid crystal display
panel (liquid crystal cell)
[0187] 110 Backlight
[0188] 200 Photo-alignment processing device
[0189] 220 Light source
[0190] 221 Light
[0191] 230 Polarizer
[0192] 231 Polarization axis
[0193] 232 Wire grid polarizer
[0194] 233 Metal thin wire (wire grid)
[0195] 235 Wavelength selection filter
[0196] 240 Light blocking member
[0197] 250 Stage
[0198] 251, 351 Movement direction of substrate
[0199] 252. 352 Photo-irradiation direction
[0200] 253, 254 Light exposure direction
[0201] 260 Rotation adjustment mechanism
[0202] 264 Rotation mechanism
[0203] 270 Lamp box
[0204] 280 Photo-irradiation mechanism
[0205] 353, 354 Light exposure direction
[0206] G1, G2 Gate signal line
[0207] S1, S2, S3, S4 Source signal line

1: A liquid crystal display panel comprising, in the fol-
lowing order:

a first substrate including a pixel electrode;

a first vertical alignment film;

a liquid crystal layer containing liquid crystal molecules;

a second vertical alignment film; and

a second substrate including a common electrode,
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wherein, when no voltage is applied to the liquid crystal
layer, a first tilt angle of the liquid crystal molecules
adjacent to the first vertical alignment film with respect
to the first vertical alignment film and a second tilt
angle of the liquid crystal molecules adjacent to the
second vertical alignment film with respect to the
second vertical alignment film are different from each
other,

in a case where the liquid crystal display panel is seen in
aplan view, and alignment vectors are defined such that
an end closer to the first substrate in a long axis
direction of the liquid crystal molecules is defined as a
starting point and an end closer to the second substrate
in the long axis direction of the liquid crystal molecules
is defined as a terminal point, any one of the first
vertical alignment film and the second vertical align-
ment film is a photo-alignment film subjected to align-
ment process such that a plurality of domains, the
alignment vectors of which differ from each other, are
formed in a region of a display unit, and

the display unit includes, in the following order along a
first direction of the display unit in a plan view, a first
domain, a second domain, a third domain, and a fourth
domain, the alignment vectors of which differ from
each other, when a voltage is applied to the liquid
crystal layer.

2: The liquid crystal display panel according to claim 1,

wherein, when no voltage is applied to the liquid crystal
layer, a twist angle of the liquid crystal molecules
between the first substrate and the second substrate is
45° or less.

3: The liquid crystal display panel according to claim 1,

wherein, when no voltage is applied to the liquid crystal
layer, a tilt angle of the liquid crystal molecules adja-
cent to a vertical alignment film that is subjected to the
alignment process out of the first vertical alignment
film and the second vertical alignment film is 86° or
greater and less than 90°.

4: The liquid crystal display panel according to claim 1,

wherein, when no voltage is applied to the liquid crystal
layer, a difference between the first tilt angle and the
second tilt angle is 30° or less.

5: The liquid crystal display panel according to claim 1,

wherein the pixel electrode is provided with at least one
slit.

6: The liquid crystal display panel according to claim 1,

wherein the second vertical alignment film is subjected to
the alignment process.

7. The liquid crystal display panel according to claim 1,

wherein, when a voltage is applied to the liquid crystal
layer, the terminal points of the liquid crystal molecules
in two domains adjacent to each other in one display
unit face with each other, and the alignment vectors of
the two domains adjacent to each other are parallel to
each other.

8: The liquid crystal display panel according to claim 1,

wherein, when a voltage is applied to the liquid crystal
layer, the terminal points of the liquid crystal molecules
in two domains adjacent to each other in one display
unit face with each other, and the alignment vectors of
the two domains adjacent to each other are orthogonal
to each other.
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9: The liquid crystal display panel according to claim 1,

wherein, when a voltage is applied to the liquid crystal
layer, the starting points of the liquid crystal molecules
in two domains adjacent to each other in one display
unit face with each other, and the alignment vectors of
the two domains adjacent to each other are parallel to
each other.

10: The liquid crystal display panel according to claim 1,

wherein, when a voltage is applied to the liquid crystal
layer, the starting points of the liquid crystal molecules
in two domains adjacent to each other in one display
unit face with each other, and the alignment vectors of
the two domains adjacent to each other are orthogonal
to each other.

11: The liquid crystal display panel according to claim 1,

wherein, when a voltage is applied to the liquid crystal
layer, the starting point of the liquid crystal molecules
of one domain of two domains adjacent to each other in
one display unit and the terminal point of the liquid
crystal molecules of the other domain face with each
other.

12: A liquid crystal display panel comprising, in the

following order:

a first substrate including a pixel electrode;

a first vertical alignment film;

a liquid crystal layer containing liquid crystal molecules;

a second vertical alignment film; and

a second substrate including a common electrode,

wherein, in a case where the liquid crystal display panel
is seen in a plan view, and alignment vectors are
defined such that an end closer to the first substrate in
a long axis direction of the liquid crystal molecules is
defined as a starting point and an end closer to the
second substrate in the long axis direction of the liquid

18
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crystal molecules is defined as a terminal point, any one
of the first vertical alignment film and the second
vertical alignment film is a photo-alignment film sub-
jected to alignment process such that a plurality of
domains, the alignment vectors of which differ from
each other. are formed in a region of a display unit, the
other one of the first vertical alignment film and the
second vertical alignment film is not subjected to the
alignment process, and

the display unit includes, in the following order along a
first direction of the display unit in a plan view, a first
domain, a second domain, a third domain, and a fourth
domain, the alignment vectors of which differ from
each other, when a voltage is applied to the liquid
crystal layer.

13: A method for manufacturing the liquid crystal display

panel described in claim 1, the method comprising:

forming a vertical alignment film on any one of the first
substrate and the second substrate,

wherein, the forming a vertical alignment film is a step in
which a coating film is formed by applying, on any one
of the first substrate and the second substrate, an
alignment film composition containing a material hav-
ing a photo-alignment property, and alignment process
is performed such that the coating film is irradiated
with light from a light source, and

the alignment process is performed at a plurality of
scanning steps such that four alignment regions where
exposure directions on the coating film differ from each
other and form an angle of approximately 45° with
respect to the first direction are formed along the first
direction.
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