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(7) ABSTRACT

The present invention provides a liquid crystal display device
including a horizontal alignment type liquid crystal layer, sub
spacers, and a photo-alignment film, wherein the liquid crys-
tal display device can suppress the occurrence of a disclina-
tion. The present invention relates to a liquid crystal display
device including: a pair of substrates facing each other; and a
horizontal alignment type liquid crystal layer interposed
between the pair of substrates, wherein at least one of the pair
of substrates includes a photo-alignment film, one of the pair
of substrates includes multiple sub spacers, the multiple sub
spacers are not in contact with the facing substrate under
atmospheric pressure, and each of the multiple sub spacers is
formed such that its thickness in a cross section monotoni-
cally increases and then monotonically decreases from one
end to another end of the sub spacer.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device. More specifically, the present invention relates to
a liquid crystal display device suitable for a liquid crystal
display device including a horizontal alignment type liquid
crystal layer, sub spacers, and a horizontal photo-alignment
film.

BACKGROUND ART

[0002] A liquid crystal display device (LCD) is a display
device that controls the transmission/shielding of light (on/off
of the display) by controlling the alignment of birefringent
liquid crystal molecules (liquid crystal layer) interposed
between two substrates. Examples of methods for aligning
the liquid crystal molecules include a method in which an
alignment film on which alignment treatment such as rubbing
or photo-alignment has been performed is disposed on a
substrate surface in contact with the liquid crystal layer.
[0003] According to another method, instead of performing
alignment treatment, dielectric protrusions or electrode slits
are provided as alignment controlling structures on an elec-
trode so as to control the alignment of the liquid crystal
molecules, as inthe case of a multi-domain vertical alignment
(MVA) mode. In the MVA mode, the alignment controlling
structures allow the liquid crystal alignment to be controlled
in multiple directions during voltage application. Thus, the
MVA mode provides an excellent viewing angle characteris-
tic, compared to the conventional mode such as a TA mode.
[0004] Further, in the liquid crystal display device, the
thickness (cell gap) of the liquid crystal layer is preferably
evenly maintained for achieving good display quality.
Unevenness in the cell gap may cause display unevenness. A
method for forming spacers on a substrate is known as a
method for evenly maintaining the cell gap. Specifically,
known examples of the method for forming the alignment
controlling structures and the spacers include the use of a
photomask capable of forming a photospacer having astable
height as well as an alignment controlling protrusion without
a depressed portion on its top, using a negative photoresist
(for example, see Patent Literature 1).

CITATION LIST

Patent Literatures

[0005] Patent Literature 1: JP-A 2010-181687

SUMMARY OF INVENTION

Technical Problem

[0006] The present inventors have been studying a photo-
alignment technique that allows the liquid crystal alignment
direction to be controlled in multiple directions during volt-
age application, without the need of rubbing on an alignment
film, and that provides an excellent viewing angle character-
istic. The photo-alignment technique is a technique of irradi-
ating an alignment film, which is formed from a photoactive
material, with light such as ultraviolet light, and thereby
imparting an alignment regulating force to the alignment film.
According to the photo-alignment technique, since alignment
treatment can be performed on a film surface in a non-contact
manner, the occurrence of contaminants, dust and the like
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during alignment treatment can be suppressed. In addition,
unlike rubbing, the photo-alignment technique is also suit-
ably applicable to large panels, and can also achieve excellent
manufacturing yield. An alignment film formed by the photo-
alignment technique is hereinafter also referred to as a photo-
alignment film.

[0007] The current photo-alignment technique has been
adopted mainly for the mass production of televisions in
which a vertical alignment film is used (for example, a VA
mode). The current photo-alignment technique has not been
adopted for the mass production of televisions in which a
horizontal alignment film is used (for example, an IPS mode).
A horizontal alignment film formed by the photo-alignment
technique (hereinafter also referred to as a horizontal photo-
alignment film) has a weak alignment regulating force with
respect to liquid crystal molecules. Thus, when an attempt is
made to regulate the alignment of the liquid crystal molecules
uniformly in a horizontal direction in the entire pixel, the
horizontal photo-alignment film is easily affected by a force
(disturbance)that tends to control the liquid crystal alignment
in a direction different from the desired alignment direction.
As a result, a liquid crystal alignment defect having a string-
like shape as shown in FIG. 14 may occur, causing light
leakage. Hereinafter, such a string-like alignment defect is
also referred to as a disclination.

[0008] The present inventors examined the cause for the
occurrence of the disclination, and as a result, found that the
disturbance that occurs around sub spacers causes such a
disclination. The spacers for evenly maintaining the cell gap
(hereinafter also referred to as main spacers) are usually
provided on one of a pair of substrates, and ends of these
spacers are in contact with the other substrate (facing sub-
strate) under atmospheric pressure. On the other hand, the sub
spacers are provided on the one of the pair of substrates, and
these sub spacers are not in contact with the other substrate
(facing substrate) under atmospheric pressure. Providing
these sub spacers on the substrate makes it possible to reduce
the deformation of the glass caused by, for example, pressure
from pressing the liquid crystal panel.

[0009] With reference to FIGS. 15 to 17, the cause for the
occurrence of a disclination is described. FIG. 15 is a sche-
matic cross-sectional view showing the occurrence of a dis-
clination in a liquid crystal display device according to a
comparative embodiment examined by the present inventors.
FIG. 16 is a schematic plan view showing the occurrence ofa
disclination in a traverse direction in the liquid crystal display
device according to the comparative embodiment examined
by the present inventors. FIG. 17 is a schematic plan view
showing the occurrence of a disclination in a longitudinal
direction in the liquid crystal display device according to the
comparative embodiment examined by the present inventors.
It should be noted that FIGS. 16 and 17 are schematic views
visualizing the inside from the color filter substrate side to the
liquid crystal interface, excluding members that are irrelevant
to the occurrence of the disclination. As shown in FIG. 15, the
liquid crystal display device according to the comparative
embodiment includes ahorizontal alignment type liquid crys-
tal layer 130 interposed between a color filter substrate 110
and an active matrix substrate 120. The liquid crystal layer
130 contains liquid crystal molecules 108. The color filter
substrate 110 includes an insulating substrate 102. Color
filters (not shown) and a BM 104 are formed on the insulating
substrate 102, on the side facing the liquid crystal layer 130.
Sub spacers 105 and main spacers (not shown) are formed on
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the BM 104. Further, a horizontal photo-alignment film 107 is
formed so as to cover these members. It should be noted that
although the horizontal photo-alignment film 107 may be
provided on the sub spacers 105 as shown in FIG. 15, it is
usually not formed on the sub spacers 105 or is formed in
minute amounts on the sub spacers 105. A linear polarizer 112
is provided on the insulating substrate 102, on the side oppo-
site to the liquid crystal layer 130. The active matrix substrate
120includes an insulating substrate 101. Pixel electrodes (not
shown), a common electrode 103, and a horizontal photo-
alignment film 106 that covers these members are formed on
the insulating substrate 101, on the side facing the liquid
crystal layer 130. A linear polarizer 111 is provided on the
insulating substrate 101, on the side opposite to the liquid
crystal layer 130.

[0010] The present inventors found that although each sub
spacer 105 included in the liquid crystal display device
according to the comparative embodiment generally has a
protruding shape (projecting shape) as shown in FIG. 15, the
distal end of the sub spacer has a dent (depressed portion).
Herein, in the vicinity of the depressed portion, the liquid
crystal molecules 108 are not aligned horizontally to the
substrates. Instead, the liquid crystal molecules 108 are
aligned so as to create an arc along the shape of the depressed
portion. As a result, as shown in FIG. 15, an alignment defect
in which the liquid crystal molecules 108 are aligned in a
rounded pattern so as to create a sphere occurs in the vicinity
of the depressed portion. Such liquid crystal molecules 108
being aligned in a rounded pattern are considered to form a
core of a disclination. It is considered that when an alignment
defect at one sub spacer 105 is connected to another align-
ment defect at the adjacent sub spacer 105 as shown in FIGS.
16 and 17, it results in the occurrence of a display defect that
is recognized as a disclination. FIGS. 16 and 17 show a case
where a direction connecting the nearest adjacent sub spacers
105 (left-to-right direction in FIGS. 16 and 17) is parallel to
the initial alignment direction of the liquid crystal molecules
108. Nevertheless, the disclination occurs similarly in the
case where these directions are perpendicular to each other.

[0011] The applicant of the present application has sug-
gested in the earlier application (Japanese Patent Application
No.2011-185045) that the occurrence ofa disclination can be
suppressed if an angle formed between a line connecting the
spacers with a shorter inter-spacer distance than other inter-
spacer distance(s) and an alignment direction of the liquid
crystal molecules at a voltage lower than a threshold voltage
in the liquid crystal layer is 20° or smaller. The invention
according to the earlier application also sufficiently sup-
presses the occurrence of a disclination between the nearest
adjacent sub spacers; yet, it is desired to further suppress the
occurrence of a disclination between the nearest adjacent sub
spacers, in view of enhancing the display quality. In addition,
for example, as shown in FIG. 17, a disclination can occur
between the sub spacers 105 that are not the nearest adjacent
sub spacers 105. Yet, the invention according to the earlier
application may not be able to sufficiently suppress such a
disclination and thus has a room for improvement in this
respect.

[0012] The present invention is made in view of the current
situation described above. and aims to provide a liquid crystal
display device including a horizontal alignment type liquid
crystal layer, sub spacers, and a photo-alignment film,
wherein the liquid crystal display device can suppress the
occurrence of a disclination.
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Solution to Problem

[0013] As a result of various studies on a liquid crystal
display device including a horizontal alignment type liquid
crystal layer, sub spacers, and a photo-alignment film,
wherein liquid crystal display device can suppress the occur-
rence of a disclination, the present inventors placed their
focus on the shape of the sub spacer. Consequently, they
found that the distal end of each sub spacer has a depressed
portion as described above in the liquid crystal display device
according to the comparative embodiment, and that an align-
ment disturbance that occurs at the depressed portion leads to
the occurrence of a disclination with the disturbance as the
core. The present inventors made further extensive studies on
the shape of the sub spacer. As a result, they found that if the
sub spacer is formed such that its thickness in a cross section
monotonically increases and then monotonically decreases
from one end to another end of the sub spacer, it can prevent
the formation of a depressed portion in the sub spacer (par-
ticularly, at the distal end) and can also smoothen the distal
end, thus resulting in the suppression of the occurrence of an
alignment defect that forms a core of a disclination at the
distal end of the sub spacer. The present inventors found that
the above finding can successfully solve the above problem,
and accomplished the present invention.

[0014] In other words, one aspect of the present invention
relates to a liquid crystal display device including: a pair of
substrates facing each other; and a horizontal alignment type
liquid crystal layer interposed between the pair of substrates,
wherein at least one of the pair of substrates includes a photo-
alignment film, one of the pair of substrates includes multiple
sub spacers, the multiple sub spacers are not in contact with
the facing substrate under atmospheric pressure, and each of
the multiple sub spacers is formed such that its thickness in a
cross section monotonically increases and then monotoni-
cally decreases from one end to another end of the sub spacer
(hereinafter such a liquid crystal display device is also
referred to as a first liquid crystal display device ofthe present
invention).

[0015] The present inventors conducted further extensive
studies, and as a result, found that the occurrence of a discli-
nation can be suppressed even when a depressed portion is
formed at the distal end of the sub spacer, as long as the depth
of the depressed portion is shallow and an alignment distur-
bance does not easily occur at the depressed portion. The
present inventors found that the above finding can success-
fully solve the above problem, and accomplished the present
invention.

[0016] In other words, another aspect of the present inven-
tion relates to a liquid crystal display device including: a pair
of substrates facing each other; and a horizontal alignment
type liquid crystal layer interposed between the pair of sub-
strates, wherein at least one of the pair of substrates includes
a photo-alignment film, one of the pair of substrates includes
multiple sub spacers, the multiple sub spacers are not in
contact with the facing substrate under atmospheric pressure,
and each of the multiple sub spacers is formed such that its
thickness in a cross section monotonically increases up to a
first point, monotonically decreases from the first point to a
second point, monotonically increases from the second point
to a third point, and then monotonically decreases from the
third point, in a range from one end to another end of the sub
spacer. An angle formed between a line segment connecting
the first point and the second point and a line segment con-
necting the second point and the third point is at least 168°
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(hereinafter such a liquid crystal display device is also
referred to as a second liquid crystal display device of the
present invention).

[0017] Inthe first and second liquid crystal display devices
of the present invention, each of the pair of substrate includes
an insulating substrate and a member provided on the insu-
lating substrate. Usually, one of the substrates functions as an
active matrix substrate, and the other functions as a color filter
substrate.

[0018] The above-mentioned cross section refers to a cross
section perpendicular to the substrate on which the multiple
sub spacers are provided. Preferably, the cross section cuts
through the center portion of the sub spacer. In the first and
second liquid crystal display devices of the present invention,
as long as each sub spacer has at least one cross section in
which the thickness of the sub spacer changes as described
above, the number of such cross sections is not particularly
limited. For example, the thickness of each sub spacer may
change as descried above in two or more mutually intersect-
ing cross sections of the sub spacer.

[0019] Inthe first and second liquid crystal display devices
of the present invention, the thickness of the sub spacer mono-
tonically increases or monotonically decreases in the follow-
ing manner. First, the Cartesian coordinate system is applied
to the cross section. The direction to the right, which is par-
allel to the substrate on which the multiple sub spacers are
provided, is defined as the positive x-axis. The upward direc-
tion perpendicular to the x-axis (i.e., the direction toward the
liquid crystal layer) is defined as the positive z-axis. Next, an
optionally given point on the profile line of the sub spacer is
represented by two coordinates (x, z). That “the thickness of
the sub spacer monotonically increases” means that if x1<x2,
then z1=z2. That “the thickness of the sub spacer monotoni-
cally decreases” means that if x1<x2, then z1=72. In this
manner, the shape of each of the multiple sub spacers usually
has a protruding shape (projecting shape) without a depressed
portion. It should be noted that the protruding shape may
include a partially flattened portion.

[0020] Patent Literature 1 discloses an alignment control-
ling protrusion without a depressed portion on its top. An
object of the prior art disclosed in Patent Literature 1 is to
solve a problem relating to the alignment controlling protru-
sion. Unlike the present application, Patent Literature 1
nowhere states or suggests a problem associated with a liquid
crystal display device including a horizontal alignment type
liquid crystal layer, sub spacers, and a photo-alignment film,
regarding the fact that a certain shape of the sub spacer is more
likely to result in the formation of a core of a disclination.
[0021] Inthe first and second liquid crystal display devices
of the present invention, the liquid crystal layer contains
liquid crystal molecules. The liquid crystal molecules may
consist of one type of liquid crystal molecules, or plural types
of liquid crystal molecules may be mixed. The liquid crystal
layer may be a mixture of plural types of liquid crystal mol-
ecules for at least one of the following purposes: ensuring
reliability; improving the response speed; and adjusting the
liquid crystal phase temperature range, other elastic con-
stants, anisotropy of dielectric constant, and refractive index
anisotropy. In addition, the liquid crystal molecules in the
liquid crystal layer may have either positive anisotropy of
dielectric constant (positive type) or negative anisotropy of
dielectric constant (negative type).

[0022] Inthe first and second liquid crystal display devices
of the present invention, the horizontal alignment type liquid
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crystal layer is a liquid crystal layer containing the liquid
crystal molecules that are controlled by the photo-alignment
film to be aligned substantially horizontally to the substrate
surface during non-voltage application. Thus, in the first and
second liquid crystal display devices of the present invention,
the photo-alignment film is a horizontal photo-alignment
film. The liquid crystal layer usually has a pretilt angle of 0°
or more and 0.5° or less. In the case where a horizontal
alignment film on which alignment treatment has been per-
formed by rubbing is used, the liquid crystal layer usually has
a pre-tilt angle of 0.5° or more and 5° or less.

[0023] The configurations of the first and second liquid
crystal display devices of the present invention are not par-
ticularly limited as long as they essentially include those
components described above.

[0024] Preferred embodiments ofthe first and second liquid
crystal display devices of the present invention are described
below. The embodiments of the first and second liquid crystal
display devices of the present invention can be employed in
appropriate combination.

[0025] 1In apreferred embodiment, the first and second lig-
uid crystal display devices of the present invention further
include a polymer layer that is formed by polymerization of a
monomer contained in the liquid crystal layer and that has an
alignment regulating force, on the liquid crystal layer side of
the photo-alignment film (hereinafter, such an embodiment is
also referred to as a first embodiment). Since the horizontal
photo-alignment film has a weak alignment regulating force,
image sticking may occur in a conspicuous manner; however,
the occurrence of image sticking can be suppressed by form-
ing a polymer layer having an alignment regulating force. The
image sticking is a phenomenon resulting from continuous
application of the same amount of voltage to a liquid crystal
cell for a certain period of time, in which brightness appears
different between a portion to which voltage was continu-
ously applied and a portion to which voltage was not applied.
In addition, if a disclination is present during formation of the
polymer layer, the disclination may be immobilized by the
polymer layer; however, the present invention can suppress
the occurrence of a disclination, and thus immobilization of a
disclination is less likely to be induced by the formation ofthe
polymer layer. A technique to stabilize the alignment using a
polymer as described above is also referred to as a polymer
sustained alignment (PSA) technique.

[0026] The polymer layer is a polymerized product of a
monomer contained in the liquid crystal layer. Usually, the
polymer layer controls the alignment of liquid crystal mol-
ecules adjacent to the polymer layer. The polymerizable func-
tional group of the monomer is not particularly limited. Yet, in
particular, an acrylate group and/or a methacrylate group is
preferred. These polymerizable functional groups are highly
likely to generate radicals, and are thus effective in reducing
manufacturing cycle time. In addition, the monomer prefer-
ably includes at least two polymerizable functional groups
because the reaction efficiency is higher when the number of
polymerizable functional groups is larger. Further, the maxi-
mum number of polymerizable functional groups in the
monomer is preferably four, so that the molecular weight is
sufficiently reduced and the monomer can thus be easily
dissolved in liquid crystal. In addition, the monomer is pref-
erably a monomer that initiates polymerization by light irra-
diation (i.e., photopolymerization) or a monomer that ini-
tiates  polymerization by heating (i.e., thermal
polymerization). In other words, the polymer layer is prefer-
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ably formed by photopolymerization or thermal polymeriza-
tion. Photopolymerization is particularly preferred because
the polymerization reaction can be easily initiated at normal
temperature. The light used for photopolymerization is pref-
erably ultraviolet light, visible light, or a combination thereof.
[0027] Inthe first embodiment, the type of polymerization
reaction to form the polymer layer is not particularly limited,
and examples thereof include step-growth polymerization in
which a bifunctional monomer is polymerized stepwise while
forming a new bond; and chain polymerization in which a
monomer undergoes chain growth as it is sequentially bonded
to active species generated from a small amount of catalyst
(initiator). Examples of the step-growth polymerization
include polycondensation and polyaddition. Examples of the
chain polymerization include radical polymerization and
ionic polymerization (for example, anionic polymerization
and cationic polymerization).

[0028] The polymer layer can improve the alignment regu-
lating force of the horizontal photo-alignment film on which
alignment treatment has been performed, and can reduce the
occurrence of image sticking in display. In addition, if a
monomer is polymerized to form a polymer layer by applying
no voltage or by applying a voltage below a threshold voltage
to the liquid crystal layer in a state where the liquid crystal
molecules are aligned at a pre-tilt angle, the resulting polymer
layer will have a structure that allows the liquid crystal mol-
ecules to be aligned at a pre-tilt angle with respect to the
polymer layer.

[0029] The substrate on which the multiple sub spacers are
provided further includes multiple main spacers, and the mul-
tiple main spacers are in contact with the facing substrate
under atmospheric pressure. Each of the multiple sub spacers
has a bottom (circular bottom) diameter of preferably 80% or
more of a bottom (circular bottom) diameter of each of the
multiple main spacers. When forming the main spacers, it is
preferred to use a photoresist to form the main spacers and the
sub spacers at the same time. At this point, the smaller the sub
spacer in size relative to the main spacer, the less exposed a
portion corresponding to the sub spacer in the photoresist is to
light, and thus a depressed portion may be formed in the sub
spacer. Conventionally, the bottom diameter of the sub spacer
was sometimes set to about 75% of the bottom diameter of the
main spacer. The maximum ratio between the two bottoms
mentioned above is not particularly limited. Yet, the bottom
(circular bottom) diameter of each of the multiple sub spacers
is usually set to 100% or less of the bottom (circular bottom)
diameter of each of the multiple main spacers because the
aperture ratio will decrease if it is set to more than 100%.
[0030] An alignment film material to form the photo-align-
ment film preferably includes at least one photoreactive func-
tional group selected from the group consisting of a chalcone
group, a coumarin group, a cinnamato group, an azobenzene
group, and a stilbene group. These photoreactive functional
groups can be relatively easily introduced into the side chain
of the polymer, and exhibit excellent reactivity during photo-
alignment treatment.

[0031] Inaddition, the photoreactive functional group may
be appropriately modified with a modifying group. For
example, a benzene ring of a cinnamato group may be modi-
fied with at least one group selected from the group consisting
of fluorine, an alkyl group, an alkoxy group, a benzyl group,
a phenoxy group, a benzoyl group, a benzoate group, and a
benzoyloxy group. Moreover, a derivative of a monomer
including the photoreactive functional group and a derivative
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of a monomer including the photoreactive functional group
modified with a modifying group may be used to form a
polymer as the alignment film material. Use of the alignment
film material including the above modifying group or the
alignment film material formed from the above derivative can
improve electrical properties and alignment stability.

[0032] A preferred embodiment of the present invention is
that an alignment film material to form the photo-alignment
film includes a cyclobutane skeleton in a repeating unit (here-
inafter such an embodiment is also referred to as a second
embodiment). The alignment film material including a
cyclobutane skeleton exhibits an alignment-controlling abil-
ity through photodissociation. Yet, usually, the light energy of
light (for example, ultraviolet light) used to irradiate the
alignment film material during alignment treatment is high,
so that the main chain of the structure forming the alignment
film, color filters, and the like may also undergo photodisso-
ciation, thus impairing the long-term reliability. On the other
hand, in the first embodiment of the present invention, the
polymer layer can assist the alignment-controlling ability of
the photo-alignment film. Thus, the light energy of the light
used to irradiate the alignment film material during alignment
treatment can be relatively reduced. As a result, it is possible
to suppress damage to the alignment film itself, color filters,
and the like caused by light irradiation. Usually, light of a
wavelength of around 254 nm is used to react (align) a pho-
todissociable alignment film material. In contrast, in the case
of the PSA technique, light of a wavelength of 313 nm or
longer can be used to photopolymerize a monomer contained
in the liquid crystal layer. Thus, it can be considered that
irradiation with light for photopolymerization of a monomer
will not deteriorate the alignment-controlling ability of the
photo-alignment film that has been already irradiated with
light. On the other hand, usually, light of a wavelength of
around 313 nm is used to react (align) an alignment film
material including the photoreactive functional group. Thus,
in the case of using the photo-alignment film material includ-
ing the photoreactive functional group, attention must be paid
to the irradiation energy and the like so that the photo-align-
ment film itself will not be deteriorated during light irradia-
tion for photopolymerization of a monomer. In this respect,
the photodissociable photo-alignment film material including
a cyclobutane skeleton is more advantageous than the photo-
alignment film material including the photoreactive func-
tional group. In view of the above, it is preferred to combine
the second embodiment with the first embodiment. Yet, even
when the second embodiment is not combined with the first
embodiment, the second embodiment can still achieve an
effect of suppressing a disclination to a similar degree as in
the case where the photoreactive functional group is used.
Thus, the technical significance of the second embodiment is
high.

[0033] The photo-alignment film may be a horizontal
photo-alignment film to which light (for example, ultraviolet
light) is emitted from the outside of the liquid crystal cell. In
this case, if the photo-alignment film is formed by photo-
alignment treatment and the polymer layer is formed by pho-
topolymerization in the first embodiment, the photo-align-
ment film and the polymer layer are preferably formed at the
same time using the same light. In other words, alignment
treatment on the photo-alignment film and formation of the
polymer layer through photopolymerization of a monomer in
the liquid crystal layer are preferably carried out at the same
time by emitting light (for example, ultraviolet light) from the
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outside of the liquid crystal cell. This provides a liquid crystal
display device with high production efficiency.

[0034] The photo-alignment film preferably includes
amain chain structure of at least one polymer selected from
the group consisting of polyimides, polyamic acids, polyma-
leimides, and polysiloxanes. The photo-alignment film
including these main chain structures (particularly, the photo-
alignment film mainly including these polymers) is advanta-
geous in that it has high stability to heat, light, chemicals, and
the like, and is thus less likely to suffer from deterioration of
the alignment film.

[0035] In the case where only one of the pair of substrates
includes the photo-alignment film, the substrate including the
photo-alignment film may be either one of the pair of sub-
strates. Thus, in this case, between the pair of substrates, the
one without the multiple sub spacers may or may not include
the photo-alignment film. Still, it is preferred that each of the
pair of substrates includes the photo-alignment film. In the
case where each substrate includes the photo-alignment film,
various matters such as materials and alignment conditions
can be suitably set for each photo-alignment film indepen-
dently. Yet, usually, these matters are common between these
photo-alignment films.

[0036] The display mode of the first and second liquid
crystal display devices of the present invention is preferably
an in-plane switching (IPS) mode or a fringe field switching
(FFS)mode. The present invention is suitable to these display
modes in which a horizontal electric field is generated. The
liquid crystal display device ofthe IPS mode is aliquid crystal
display device of a horizontal electric field mode in which,
usually, one of the pair of substrates includes two types of
electrodes that are opposed to each other in the plan view of
the substrate main surface. In addition, the liquid crystal
display device of the FFS mode is a liquid crystal display
device of a fringe electric field mode in which, usually, one of
the pair of substrates includes a planar electrode and a slit
electrode (an electrode having a slit) disposed in a layer
different from a layer including the planar electrode, with an
insulation layer between these layers. These liquid crystal
display devices are described in further detail in embodi-
ments.

[0037] In addition, liquid crystal display devices of a fer-
roelectric liquid crystal (FL.C) mode and an anti-ferroelectric
Liquid Crystal (AFLC) mode also have a wide viewing angle
and a high response speed, and these devices have been the
subjects of research and development. Since these modes
similarly require the liquid crystal molecules to be horizon-
tally aligned, preferred display modes of the first and second
liquid crystal display devices of the present invention also
include the FLC mode and the AFLC mode.

[0038] One of the pair of substrates preferably includes a
color filter. In this case, the substrate including the color filter
may be either one of the pair of substrates. Thus, the substrate
including the multiple sub spacers may or may notinclude the
color filter.

[0039] One of the pair of substrates preferably includes an
IGZO-TFT. In this case, the substrate including the IGZO-
TFT may be either one of the pair of substrates. Thus, the
substrate including the multiple sub spacers may or may not
include the IGZO-TFT. The IGZO-TFT refers to a TFT
including a semiconductor layer formed from indium-gal-
lium-zinc-oxygen (IGZ0).
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Advantageous Effects of Invention

[0040] The present invention provides a liquid crystal dis-
play device including a horizontal alignment type liquid crys-
tal layer, sub spacers, and a photo-alignment film, wherein the
liquid crystal display device can suppress the occurrence of a
disclination.

BRIEF DESCRIPTION OF DRAWINGS

[0041] FIG. 1 is a schematic plan view showing a color
filter substrate included in a liquid crystal display device
according to Embodiment 1.

[0042] FIG. 2 is a schematic cross-sectional view showing
a sub spacer included in a liquid crystal display device
according to Embodiment 1, and a sub spacer included in a
liquid crystal display device according to a comparative
embodiment.

[0043] FIG. 3 is an enlarged schematic plan view showing
two sub spacers and their vicinities in the liquid crystal dis-
play device according to Embodiment 1.

[0044] FIG. 4 is a schematic cross-sectional view showing
a portion of the entire liquid crystal display device, which
corresponds to a section taken along line segment B1-B2 in
FIG. 1.

[0045] FIG. 5 is a schematic plan view showing an active
matrix substrate included in the liquid crystal display device
of an IPS mode according to Embodiment 1.

[0046] FIG. 6 is a schematic plan view showing an active
matrix substrate included in the liquid crystal display device
of an FFS mode according to Embodiment 1.

[0047] FIGS. 7(a) to 7(c) are schematic views showing
examples of cross sectional shapes of the sub spacers
included in the liquid crystal display device according to
Embodiment 1.

[0048] FIGS. 8(a) to 8(c) are schematic views showing
other examples of cross sectional shapes of the sub spacers
included in the liquid crystal display device according to
Embodiment 1.

[0049] FIGS. 9(a) and 9(b) are schematic views showing
still other examples of cross sectional shapes of the sub spac-
ers included in the liquid crystal display device according to
Embodiment 1.

[0050] FIG. 10 is a graph showing a relationship between
the bottom diameter of the sub spacer and the incidence of
disclinations.

[0051] FIG. 11isaschematic cross-sectional view showing
a sub spacer included in a liquid crystal display device
according to Embodiment 2, and the sub spacer included in
the liquid crystal display device according to the comparative
embodiment.

[0052] FIG. 12 is another schematic cross-sectional view of
the sub spacer included in the liquid crystal display device
according to Embodiment 2.

[0053] FIG. 13 is a graph showing a relationship between
the angle 6 and the incidence of disclinations.

[0054] FIG. 14 is animage of aliquid crystal display device
in which a disclination is present.

[0055] FIG. 15is across-sectional view showing the occur-
rence of a disclination in the liquid crystal display device
according to the comparative embodiment.

[0056] FIG. 16 is a schematic plan view showing the occur-
rence of a disclination in a traverse direction in the liquid
crystal display device according to the comparative embodi-
ment.
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[0057] FIG.17 is a schematic plan view showing the occur-
rence of a disclination in a longitudinal direction in the liquid
crystal display device according to the comparative embodi-
ment.

DESCRIPTION OF EMBODIMENTS

[0058] The present invention will be described below in
more detail with reference to the drawings in the following
embodiments, but is not limited to these embodiments.

Embodiment 1

[0059] With reference to FIGS. 1 to 4, a liquid crystal
display device according to Embodiment 1 is described in
detail. FIG. 1 is a schematic plan view showing a color filter
substrate included in the liquid crystal display device accord-
ing to Embodiment 1. FIG. 2 is a schematic cross-sectional
view of a sub spacer included in the liquid crystal display
device according to Embodiment 1 and a sub spacer included
in a liquid crystal display device according to a comparative
embodiment. The schematic cross-sectional view of a sub
spacer included in the liquid crystal display device according
to Embodiment 1 shown in FIG. 2 corresponds to a schematic
cross-sectional view taken along line segment A1-A2 in FIG.
1. FIG. 3 is an enlarged schematic plan view showing two sub
spacers and their vicinities in the liquid crystal display device
according to Embodiment 1. Further, FIG. 4 is a schematic
cross-sectional view showing a portion of the entire liquid
crystal display device, which corresponds to a section taken
along line segment B1-B2 in FIG. 1.

[0060] As shown in FIG. 1, the color filter substrate
included in the liquid crystal display device according to
Embodiment 1 is configured such that any one of a red color
filter 13R, a blue color filter 13B, and a green color filter 13G
is arranged in each subpixel. A black matrix (BM) 4 is
arranged at the boundaries of the subpixels, and sub spacers 5
and main spacers 15 are arranged on the BM 4. The sub
spacers 5 are arranged on almost all subpixels, except for
some subpixels. The main spacers 15 are arranged on the
subpixels on which the sub spacers 5 are not arranged. As
described, the arrangement is made such that the number of
the sub spacers 5 is higher than the number of the main
spacers 15. The sub spacers 5 are not in contact with a facing
active matrix substrate under atmospheric pressure, whereas
the distal ends of the main spacers 15 are in contact with the
facing active matrix substrate under atmospheric pressure.
[0061] As shown in FIG. 2, the sub spacer 105 included in
the liquid crystal display device according to the comparative
embodiment has a dent (depressed portion) at its distal end. In
contrast, the sub spacer 5 is configured such that, in a cross
section (usually, a cross section cutting through the center
portion of the sub spacer 5) that is perpendicular to the color
filter substrate (substrate main surface), the thickness (height
of a point on the profile line) of the sub spacer 5 monotoni-
cally increases and then monotonically decreases from one
end 5a to another end 5b. In other words, the sub spacer 5 does
nothave a depressed portion atits distal end. In FIG. 2, the sub
spacer 5 is formed in a rounded projecting shape.

[0062] Inaddition, as shownin FIG. 3, the occurrence of an
alignment defect that forms a core of a disclination is sup-
pressed at the distal end of the sub spacer 5. Thus, the occur-
rence of a disclination is suppressed.

[0063] As described above, according to one aspect, the
present invention provides a liquid crystal display device
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including a substrate having sub spacers, wherein each sub
spacer is formed in a projecting shape having a rounded distal
end without a depressed portion at the distal end.

[0064] It should be noted that FIG. 3 shows a case where a
direction connecting the nearest adjacent sub spacers 5 (left-
to-right direction in FIG. 3) is parallel to the initial alignment
direction of liquid crystal molecules 8; however, the present
embodiment does not impose any particular limitation on the
relationship between a direction connecting the nearest adja-
cent sub spacers 5 and the initial alignment direction of the
liquid crystal molecules 8. For example, also in the cases
where these directions are perpendicular to each other, and
where these directions obliquely intersect each other, the
present embodiment can still suppress the occurrence of a
disclination.

[0065] With reference to FIG. 4, the liquid crystal display
device according to Embodiment 1 is described in further
detail. The liquid crystal display device according to Embodi-
ment 1 includes a horizontal alignment type liquid crystal
layer 30 interposed between a color filter substrate 10 and an
active matrix substrate 20 (these substrates correspond to the
pair of substrates). The liquid crystal layer 30 includes the
liquid crystal molecules 8 (nematic liquid crystal). The color
filter substrate 10 includes a transparent insulating substrate 2
such as a glass substrate. The color filters (not shown in FIG.
4) and the BM 4 are formed on the insulating substrate 2, on
the side facing the liquid crystal layer 30. The sub spacers 5
and the main spacers (not shown in FIG. 4) are formed on the
BM 4. Further, a horizontal photo-alignment film 7 is formed
so as to cover these members. It should be noted that although
the horizontal photo-alignment film 7 may be provided on the
sub spacers 5 as shown in FIG. 4, it is usually not formed on
the sub spacers 5 or is formed in minute amount on the sub
spacers 5. A linear polarizer 12 is provided on the insulating
substrate 2, on the side opposite to the liquid crystal layer 30.
The active matrix substrate 20 includes a transparent insulat-
ing substrate 1 such as a glass substrate. Various types of
wiring, thin film transistors (TFT, not shown in FIG. 4) that
function as switching elements, pixel electrodes (not shown
in FIG. 4), a common electrode 3, and a horizontal photo-
alignment film 6 that covers these members are formed on the
insulating substrate 1, on the side facing the liquid crystal
layer 30. A linear polarizer 11 is provided on the insulating
substrate 1, on the side opposite to the liquid crystal layer 30.
The linear polarizers 11 and 12 each may further include a
retarder to form a circular polarizer.

[0066] The liquid crystal display device according to
Embodiment 1 may have a color-filter-on-array structure in
which the color filters are provided on the active matrix sub-
strate 20. In addition, the liquid crystal display device accord-
ing to Embodiment 1 may be a monochrome display. In this
case, it is unnecessary to form the color filters. Further, the
sub spacers 5 and the main spacers 15 may be formed on the
active matrix substrate 20 instead of the color filter substrate
10.

[0067] The shapes and arrangement of the pixel electrodes
and the common electrode 3 are different depending on the
display mode of the liquid crystal display device. FIG.5is a
schematic plan view showing an active matrix substrate
included in the liquid crystal display device of the IPS mode
according to Embodiment 1. FIG. 6 is a schematic plan view
showing an active matrix substrate included in the liquid
crystal display device of the FFS mode according to Embodi-
ment 1. As shown in FIG. 5, for example, inthe case of the IPS



US 2014/0354930 A1

mode, both of the pixel electrode 23 and the common elec-
trode 3 are combteeth electrodes, and these electrodes are
formed on the same layer or different layers. As shown in FIG.
6, in the case of the FFS mode, the pixel electrode 23 and the
common electrode 3 are formed on different layers via an
insulating layer. One of the electrode 23 and the common
electrode 3 is formed with apertures and the other electrode is
formed at a certain position so as to cover the apertures. One
of these electrodes having apertures is arranged on the upper
layer and the other electrode is arranged on the lower layer. In
FIG. 6, the pixel electrode 23 is formed with apertures and the
common electrode 3 is formed so as to cover the display area
including the apertures. Preferably, the apertures are slits.
[0068] The display mode of the liquid crystal display
device according to Embodiment 1 is not particularly limited
to the IPS mode or the FFS mode. The present invention is
applicable to other known modes in which the horizontal
alignment film is used. For example, an FL.C mode and an
AFLC mode are also suitable.

[0069] Further, as described above, the active matrix sub-
strate 20 includes thin film transistors (TFT) and various
types of wiring (for example, gate bus lines, source bus lines,
and storage capacitor wiring lines). The pixel electrode 23
and the common electrode 3 can be formed from publicly
known materials such as indium tin oxide (ITO) and indium
zine oxide (1Z0).

[0070] Any material such as amorphous silicon and poly-
silicon can be used for a semiconductor layer in the TFT
included in the active matrix substrate 20. Yet, it is preferred
to use an oxide semiconductor having a high mobility, such as
indium-gallium-zinc-oxygen (IGZO). The use of IGZO can
reduce the size of each TFT element, compared to the case
where amorphous silicon is used. Thus, the use of IGZO is
suitable for ahigh-definition liquid crystal display. In particu-
lar, IGZO is preferably used in a system for which high
response speed is required, as in the case of a field sequential
color system.

[0071] The method for forming the sub spacer 5 according
to Embodiment 1 is not particularly limited, but usually, a
photoresist is used to form the sub spacer 5. The type of the
photoresist is not particularly limited, and it may be either a
positive or negative photoresist. Yet, it is preferred to use a
negative photoresist, for example, to obtain a sub spacer
diameter (bottom diameter of the sub spacer) that corre-
sponds to a pixel size of a liquid crystal panel for a mobile
device. As a result of studies, the present inventors found that
in the case where a negative photoresist is used to form the sub
spacet, even when the same halftone mask is used, the size of
the sub spacer will be different if there are changes in condi-
tions such as the intensity of light to irradiate the mask and the
proximity gap. The present inventors also found that in the
case where the size (particularly volume) of the sub spacer is
small relative to that of the main spacer, the sub spacer tends
to shrink due to post-baking, and consequently, the depressed
portion is easily formed. Therefore, in order to suppress the
formation of the depressed portion, it is important to prevent
the sub spacer from becoming too small in size (particularly
in volume) relative to the main spacers. The relative size
(particularly volume) of the sub spacers can be changed, for
example, by a method for changing exposure conditions such
as the amount of light exposure, intensity of light to irradiate
the mask, proximity gap, and transmittance of the halftone
mask. For example, in some cases, shrinkage during post-
baking can be suppressed by increasing the transmittance of
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mesh for a halftone mask used to form the sub spacer and
thereby increasing the amount of light exposure. More spe-
cifically, for example, Patent Literature 1 discloses the use of
a halftone mask having a transmittance of 10 to 15% during
formation of alignment controlling protrusions using a nega-
tive photoresist; however, in Embodiment 1, the transmit-
tance of a halftone mask used to form the sub spacer 5 is set
to 12 to 18% to increase the transmittance, thus increasing the
amount of light exposure and improving the shape ofa recess.
In addition, examples of other methods for ensuring the rela-
tive size (particularly volume) of the sub spacer and thus
suppressing the formation of the depressed portion include a
method for increasing or decreasing the intensity of light to
irradiate the mask, and a method for increasing the proximity
gap. In the case where a photoresist is used, the corners of the
sub spacer 5 will be rounded, not angular.

[0072] In addition, the sub spacer 5 is so small that it is
difficult to form the horizontal photo-alignment film 7 par-
ticularly on its distal end, and thus it is difficult to regulate the
alignment particularly at the distal end. Therefore, in view of
suppressing a disclination, it is preferred to reduce the area of
the upper base of the sub spacer 5, i.e., to approximate the
shape of the sub spacer 5 to a projecting shape.

[0073] InFIG. 1, the sub spacer 5 has a circular bottom in
the plan view of the color filter substrate. Yet, the shape ofthe
bottom of the sub spacer 5 is not particularly limited to the
circular shape. For example, the bottom may have a polygonal
shape (such as a rhombic or octagonal shape) or an elliptical
shape. The absolute size of the bottom of the sub spacer 5 is
not particularly limited, but the size of the bottom of the sub
spacer 5 relative to that of the main spacer 15 is preferably set
as follows: in the case where the sub spacer 5 and the main
spacer 15 both have circular bottoms, the bottom diameter of
the sub spacer 5 is preferably set to 80% or more of the bottom
diameter of the main spacer 15 in view of effectively sup-
pressing the occurrence of a disclination, and is preferably set
to 100% or less in view of preventing a reduction in the
aperture ratio.

[0074] The thickness (height) of the sub spacer 5 is not
particularly limited. Yet, the difference in height between the
main spacer 15 and the sub spacer 5is usually 0.2 pm or more
and 1 pm or less, and is preferably 0.6 pm.

[0075] FIGS. 7 to 9 are schematic views each showing
examples of cross sectional shapes of the sub spacers
included in the liquid crystal display device according to
Embodiment 1. The shape of the sub spacer 5 according to
Embodiment 1 is not particularly limited to the one shown in
FIG. 2 as long as the thickness (a point on the profile line) of
the sub spacer 5 monotonically increases and then monotoni-
cally decreases in the cross sectional view. Specifically, for
example, the shape may be one having a step as shown in FIG.
7(a), a conical shape as shown in FIG. 7(b), or a cylindrical
shape as shown in FIG. 7(c¢). In the case of the shapes shown
in FIGS. 7(a) to 7(c), the distal end of each sub spacer 5 is
spherically rounded. In addition, the sub spacer 5 may include
a flat portion. Specifically, for example, the cross sectional
view of the sub spacer 5 may have a trapezoidal shape as
shown in FIG. 8(a), a pyramid-like shape with at least one
step as shown in FIG. 8(d), or a cylindrical shape with a flat
distal end as shown in FIG. 8(c). Further, the shapes shown in
FIGS. 2, 7(a) to 7(c), and 8(a) to 8(c) are all bilaterally
symmetrical in the cross sectional view; however, the sub
spacer 5 may have a bilaterally asymmetrical and unbalanced
shape in the cross sectional view as shown in FIGS. 9(a) and
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9(b). All of the shapes shown in FIGS. 7 to 9 can suppress the
occurrence of a disclination as in the shape shown in FIG. 2.
[0076] The distance between the sub spacers 5 is not par-
ticularly limited, and it can be suitably adjusted according to
the design (such as the size of the pixel and the subpixel) of
the liquid crystal display device. It is considered that the
deterioration of the display quality will be more significant if
the distance between the sub spacers 5 is long because a large
disclination is likely to occur, resulting in the presence of a
disclination over several pixels between the sub spacers. In
contrast, the present embodiment makes it possible to sup-
press the occurrence of a disclination even in the case where
the distance between the sub spacers 5 is long.

[0077] The horizontal photo-alignment films 6 and 7 are
formed in the following manner: an alignment film material is
diluted in a good or poor solvent to obtain a coating solution;
the coating solution is applied to a substrate by ink-jet print-
ing or the like to form a coating film having a thickness of
about 1000 to 1500 A; after application of the coating solu-
tion, the thus-obtained coating film is dried and baked; and
then the coating film is alignment-treated, for example, by
emitting polarized ultraviolet light to the coating film. In the
above case where the coating solution containing an align-
ment film material is applied to the color filter substrate on
which the sub spacers 5 are formed, usually, the coating
solution hardly remains on the sub spacers 5. Thus, the hori-
zontal photo-alignment film 7 is not formed on the sub spac-
ers 5 or is formed in minute amounts on the sub spacers 5. Yet,
as shown in FIG. 4, the horizontal photo-alignment film 7
may be formed on the sub spacers 5.

[0078] As for the alignment film material, an alignment
film material having a photoreactive functional group is used.
The photoreactive functional group includes at least one func-
tional group selected from the group consisting of a chalcone
group, a coumarin group, a cinnamato group, an azobenzene
group, and a stilbene group. An alignment film material
including a cyclobutane skeleton in a repeating unit may also
beused. As described above, an isomeric, dimeric, re-aligned,
or dissociated alignment film material is used. The liquid
crystal layer 30 will have a similar pre-tilt angle (for example,
0°) regardless of which ofthese materials is used, thus achiev-
ing an effect of suppressing a disclination to a similar degree.
[0079] Although the present inventors examined whether it
is possible to suppress a disclination by increasing the align-
ment regulating force of the alignment film in the liquid
crystal display device according to the comparative embodi-
ment as shown in FIGS. 15 to 17, a sufficient effect was not
achieved at this point. The reason was confirmed through
observation under an electron microscope as follows: the
solution (coating solution) containing an alignment film
material, which was applied by inkjet printing, hardly
remains particularly in the vicinity of the distal end of each
sub spacer, and flows toward the circumference of the bottom
of the sub spacer; thus, the alignment film is less likely to be
formed particularly in the vicinity of the distal end of the sub
spacer, failing to achieve a sufficient alignment regulating
force. Therefore, improving the shape of the sub spacer is
considered to be effective in the suppression of a disclination.
[0080] The liquid crystal display device according to
Embodiment 1 may further include a polymer layer having an
alignment regulating force on at least one of the horizontal
photo-alignment films 6 and 7. The polymer layer is prefer-
ably formed entirely on the horizontal photo-alignment films
6 and 7, and more preferably in such a manner that it is dense
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and has a substantially uniform thickness. In addition, the
polymer layer may be formed in a dotted manner on the
horizontal photo-alignment films 6 and 7, i.e., it may be
formed discretely on the surface of the horizontal photo-
alignment films 6 and 7. Also in this case, it is possible to
uniformly maintain the alignment regulating force of the
horizontal photo-alignment films 6 and 7 and suppress image
sticking. Further, after the polymer layer is formed on at least
a part of the horizontal photo-alignment films 6 and 7, a
polymer network structure formed in a network shape may be
formed in the entire liquid crystal layer 30.

[0081] An example of a specific procedure for forming the
polymer layer is described. First, a liquid crystal composition
containing a liquid crystal material and at least one type of
monomer is injected between the active matrix substrate 20
and the color filter substrate 10. Subsequently, a polarizer is
attached to both ofthe active matrix substrate 20 and the color
filter substrate 10 so as to prepare a liquid crystal display
panel, and a backlight is disposed on the liquid crystal display
panel, on the side opposite to the display surface. Then, the
liquid crystal layer 30 is irradiated with a certain amount of
visible light emitted from the backlight.

[0082] Light used to polymerize a monomer is not particu-
larly limited, and any light such as ultraviolet light or visible
light can be suitably selected according to the type of the
monomer. In particular, the use of visible light makes it pos-
sible to greatly reduce deterioration or damage that occurs in
the constituent members such as the liquid crystal layer and
the alignment film. The use of visible light also makes it
possible to polymerize a monomer even after the polarizer
and the backlight are disposed on the liquid crystal display
panel. Therefore, unlike the case of using ultraviolet light for
irradiation, there is no need for new equipment, and as a
result, the use of visible light greatly contributes to the effi-
ciency of the production process and the cost reduction.
[0083] A monomer suitably used to form the polymer layer
is described below. The monomer used to form the polymer
layer can be determined by confirming the molecular struc-
ture of the monomer unit in the polymer layer of the present
embodiment.

[0084] Thepolymer layeris preferably formed by polymer-
ization of at least one type of monomer having a monofunc-
tional or polyfunctional polymerizable group having a ring
structure. Examples of such monomers include a monomer
represented by the following chemical formula (1).

[Chem. 1]

Pl—s,'—R*A'-(Z-A%), R 6

[0085] In the chemical formula (1), R* represents a —R>-
Sp*-P' group, a hydrogen atom, a halogen atom, a —CN
group, an —NO, group, an —NCO group, an —NCS group,
an —OCN group, an —SCN group, an —SF; group, oraCl
to C12 linear or branched alkyl group.

[0086] P’ represents a polymerizable group. Sp* represents
aCl to C6 linear, branched, or cyclic alkylene or alkyleneoxy
group, or a direct bond.

[0087] A hydrogen atom in R' may be replaced by a fluo-
rine atom or a chlorine atom. A —CH,— group in R* may be
replaced by an —O— group, an —S— group, an —NH—
group, a —CO— group, a —COO— group, an —OCO—
group, an —O—COO— group, an —OCH,— group, a
—CH,0— group, an —SCH,— group, a —CH,S5— group,
an —N(CH;)— group, an —N(C,Hs)— group, an
—N(C;H,)— group, an —N(C,Hg)— group, a —CF,0—
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group, an —OCF ,—group, a —CF,S— group, an—SCF,—
group, an —N(CF;)— group, a —CH,CH,— group, a
—CF,CH,— group, a —CH,CF,— group, a —CF,CF,—
group, a —CH—CH— group, a —CF—CF— group, a
—C=C— group, a —CH=—CH—COO— group, or an
—OCO—CH—CH— group, as long as an oxygen atom and
a sulfur atom are not adjacent to each other.

[0088] R? represents an —O— group, an —S— group, an
—NH— group, a —CO— group, a —COO— group, an
—COO— group, an —O—COO— group, an —OCH,—
group, a—CH,O— group, an —SCH,— group,a—CH,S—
group, an —N(CH,)— group, an —N(C,H,)— group, an
—N(C;H,)— group, an —N(C,Hg)— group, a —CF,0—
group, an—OCF,—group,a—CF,S— group, an—SCF,—
group, an —N(CF,)— group, a —CH,CH,— group, a
—CF,—CH,— group,a—CH,CF,— group,a—CF,CF,—
group, a —CH—CH— group, a —CF—CF— group, a
—C=C— group, a —CH—CH—COO— group, an
—OCO—CH—CH— group, or a direct bond.

[0089] A'and A? are the same or different, and each repre-
sents a 1,2-phenylene group, a 1,3-phenylene group, a 1,4-
phenylene group, a naphthalene-1.4-diyl group, a naphtha-
lene-1,5-diyl group, a naphthalene-2,6-diyl group, a 1,4-
cyclohexylene group, a 1,4-cyclohexenylene group, a 1,4-
bicyclo[2.2.2]octylene group, a piperidine-1,4-diyl group, a
naphthalene-2,6-diyl group, a decahydronaphthalene-2,6-
diyl group, a 1,2,3,4-tetrahydronaphthalene-2,6-diyl group,
an indane-1,3-diyl group, an indane-1,5-diyl group, an
indane-2,5-diyl group, a phenanthrene-1,6-diyl group, a
phenanthrene-1,8-diyl group, a phenanthrene-2,7-diyl group,
aphenanthrene-3,6-diyl group, an anthracene-1,5-diyl group,
an anthracene-1,8-diyl group, an anthracene-2,6-diyl group,
or an anthracene-2,7-diyl group. —CH,— groups in A" and
A? each may be replaced by an —O— group or an —S—
group, as long as they are not adjacent to each other. Hydro-
gen atoms in A' and A? each may be replaced by a fluorine
atom, a chlorine atom, a —CN group, or a C1 to C6 alkyl,
alkoxy, alkyl carbonyl, alkoxy carbonyl, or alkyl carbonyloxy
group.

[0090] Each Z is the same or different and represents an
—O— group, an —S— group, an —NH— group, a —CO—
group, a —COO— group, an —OCO— group, an
—O0—CO0— group, an —OCH,— group, a —CH,0—
group, an —SCH,— group, a —CH,S— group, an
—N(CH;)— group, an —N(C,H,)— group, an
—N(C;H,)— group, an —N(C,Hg)— group, a —CF,0—
group, an —OCF ,—group,a—CF,S—group, an—SCF,—
group, an —N(CF;)— group, a —CH,CH,— group, a
—CF,CH,— group, a —CH,CF,— group, a —CF,CF,—
group, a —CH—CH— group, a —CF—CF— group, a
—C=C—group,a—CH—CH-—COO group, an—OCO—
CH—CH— group, or a direct bond; and m is 0, 1, or 2.
[0091] More specific examples thereof include monomers
represented by the following chemical formulae (2-1) to
(2-5):

[Chem. 2]

2-1)
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[0092] In these chemical formulae (2-1) to (2-5), each P* is
the same or different and represents a polymerizable group.

[0093] Examples of P above include an acryloyloxy group,
amethacryloyloxy group, a vinyl group, a vinyloxy group, an
acryloylamino group, and a methacryloylamino group.
Herein, hydrogen atoms in benzene rings and fused rings in
the compounds represented by the above chemical formulae
(2-1) to (2-5) may be partially or fully replaced by halogen
atoms, or C1 to C12 alkyl or alkoxy groups. In addition,
hydrogen atoms in alkyl and alkoxy groups may be partially
or fully replaced by halogen atoms. Further, the bonding
position of P! to the benzene rings and the fused rings is not
limited to the ones shown.

[0094] The monomer represented by the chemical formula
(1) is a monomer polymerizable by ultraviolet irradiation.
The polymer layer of the present embodiment may be a poly-
merized product of a monomer polymerizable by visible light
irradiation.

[0095] Monomers to form the polymer layer include two or
more types of monomers. The monomer polymerizable by
visible light irradiation may be a monomer that polymerizes
another monomer. The monomer that polymerizes another
monomer refers to, for example, a monomer that undergoes a
chemical reaction by visible light irradiation; initiates and
promotes polymerization of another monomer that does not
polymerize by itself by visible light irradiation; and polymer-
izesitself, while the wavelength range that induces reaction is
different depending on the molecular structure. Owing to the
monomer that polymerizes another monomer, a large number
of existing monomers that do not polymerize by light irradia-
tion (for example, visible light irradiation) can be used as
materials of the polymer layer. Examples of the monomer that
polymerizes another monomer include a monomer having a
structure that generates radicals by visible light irradiation.
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[0096] Examples of the monomer that polymerizes another
monomer include a monomer represented by the following
chemical formula (3).

[Chem. 3]
3

[0097] Inthe chemical formula (3), A® and A* are the same
or different, and each represents a benzene ring, a biphenyl
ring, or a C1 to C12 linear or branched alkyl or alkenyl group.
Atleast one of A® and A* includes an -Sp>-P* group. A hydro-
gen atom in A® and A* each may be replaced by an -Sp*-P*
group, a halogen atom, a —CN group, an —NO, group, an
—NCO group, an —NCS group, an —OCN group, an
—SCN group, an —SF; group, or a C1 to C12 linear or
branched alkyl, alkenyl, or aralkyl group. Two adjacent
hydrogen atoms in A* and A* each may be replaced by a C1 to
C12 linear or branched alkylene or alkenylene group to form
a cyclic structure. A hydrogen atom in an alkyl, alkenyl,
alkylene, alkenylene, or aralkyl group in A* and A* each may
be replaced by an -Sp>-P* group. A —CH,— group in an
alkyl, alkenyl, alkylene, alkenylene, or aralkyl group in A®
and A* each may be replaced by an —O— group, an —S—
group, an —NH-— group, a —CO— group, a —COO—
group, an —OCO— group, an —O—COO— group, an
—OCH,— group, a —CH,0O— group, an —SCH,— group,
a—CH,S— group, an —N(CH,)— group, an —N(C,Hs)—
group, an —N(C,H,)— group, an —N(C,H,)— group, a
—CF,0— group, an —OCF,— group, a —CF,S— group,
an —SCF,— group, an —N(CF,)}— group, a —CH,CH,—
group, a —CF,CH,— group, a —CH,CF,— group, a
—CF,CF,— group, a —CH=CH— group, a —CF—=CF—
group, a—C=C— group, a —CH—CH—COO— group, or
an —OCO—CH—CH— group, as long as an oxygen atom, a
sulfur atom, and a nitrogen atom are not adjacent to one
another.

[0098] P*represents a polymerizable group. Sp” represents
aCl to C6 linear, branched, or cyclic alkylene or alkyleneoxy
group, or a direct bond.

[0099] Further,nis 1 or 2. A dotted line connecting A®> with
Y and a dotted line connecting A* with Y indicate that a
Y-mediated bond may be present between A* and A*.

[0100] Y represents a —CH,— group, a —CH,CH,—
group, a —CH—CH— group, an —O— group, an —S—
group, an —NH— group, an —N(CH,)— group, an
—N(C,H,)— group, an —N(C,H,)— group, an
—N(C,Hg)— group, an —OCH,— group, a —CH,O—
group, an —SCH,— group, ora—CH,S— group, or a direct
bond.

[0101] More specific examples thereof include monomers
represented by the following chemical formulae (4-1) to
(4-8).
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[0102] In the chemical formulae (4-1) to (4-8), R? and R*
are the same or different, and each represents an -Sp*-P*
group, a hydrogen atom, a halogen atom, a —CN group, an
—NO, group, an —NCO group, an —NCS group,an —OCN
group, an —SCN group, an —SF; group, or a C1 to C12
linear or branched alkyl, aralkyl, or phenyl group. At least one
of R? and R* includes an -Sp*-P? group.



US 2014/0354930 A1

[0103] P?represents a polymerizable group. Sp represents
aCl to C6 linear, branched, or cyclic alkylene or alkyleneoxy
group, or a direct bond. When at least one of R?® and R*
represents a C1 to C12 linear or branched alkyl, aralkyl, or
phenyl group, a hydrogen atom in at least one of R* and R*
above may be replaced by a fluorine atom, a chlorine atom, or
an -Sp>-P* group. A—CH,— group in R* and R* each may be
replaced by an —O— group, an —S— group, an —NH—
group, a —CO— group, a —COO— group, an —OCO—
group, an —O—COO— group, an —OCH,— group, a
—CH,O— group, an —SCH,— group, a —CH,S— group,
an —N(CH;)— group, an —N(C,H;)— group, an
—N(C,H,)— group, an —N(C,H,)— group, a —CF,0—
group, an —OCF,— group,a—CF,S— group, an—SCF,—
group, an —N(CF;)}»— group, a —CH,CH,— group, a
—CF,CH,— group, a —CH,CF,— group, a —CF,CF,—
group, a —CH—CH— group, a —CF—CF— group, a
—C=C— group, a —CH—CH-—COO— group, or an
—OCO—CH=—CH— group, as long as an oxygen atom, a
sulfur atom, and a nitrogen atom are not adjacent to one
another.

[0104] Examples of P* above include an acryloyloxy group,
amethacryloyloxy group, a vinyl group, a vinyloxy group, an
acryloylamino group, and a methacryloylamino group.
Herein, hydrogen atoms in benzene rings in the compounds
represented by the above chemical formulae (4-1) to (4-8)
may be partially or fully replaced by halogen atoms or C1 to
C12 alkyl or alkoxy groups. In addition, hydrogen atoms in
alkyl and alkoxy groups may be partially or fully replaced by
halogen atoms. Further, the bonding positions of R> and R*to
the benzene rings are not limited to the ones shown.

[0105] The monomers to form the polymer layer (for
example, the compounds represented by the chemical formu-
lae (2-1) to (2-5), and the compounds represented by the
above chemical formulae (4-1) to (4-8)) preferably include
two or more polymerizable groups. For example, monomers
including two polymerizable groups are preferred.

[0106] The above-described monomers may be added to
liquid crystal without using a conventional polymerization
initiator. This results in a significant improvement in electri-
cal properties because there is no residual polymerization
initiator that can be an impurity in the liquid crystal layer. In
other words, a polymerization initiator for the monomers can
be substantially absent in the liquid crystal layer during poly-
merization of the monomers.

[0107] Inthe presentembodiment, for example, a biphenyl-
based bifunctional methacrylate monomer represented by the
following chemical formula (5) may be used.

[Chem. 5]

HOH

0]

[0108] In this case, the formation of a polymer can be
ensured without mixing a photopolymerization initiator. The
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radical generation process represented by the following for-
mulae (6-1) and (6-2) is considered to be induced by light
irradiation.

[Chem. 6]

{6-1)
OO

6-2)

S .OH

[0109] In addition, the presence of a methacrylate group
also allows the monomer to form a polymer by radical poly-
merization. Monomers that dissolve in liquid crystal are pref-
erably used, and rod-like molecules are preferred. Examples
thereof may include naphthalene-based, phenanthrene-
based, and anthracene-based monomers, in addition to the
biphenyl-based monomer. In addition, hydrogen atoms
therein may be partially or fully replaced by halogen atoms,
alkyl groups, or alkoxy groups (hydrogen atoms in these
groups may be partially or fully replaced by halogen atoms).
Examples of polymerizable groups may also include an acry-
loyloxy group, a vinyloxy group, an acryloylamino group,
and a methacryloylamino group, in addition to the methacry-
loyloxy group. These monomers can generate radicals by
light having a wavelength ranging from about 300 to 380 nm.
In addition to the above monomers, monomers such as acry-
lates and diacrylates having no photopolymerization initiat-
ing function may be mixed. The photopolymerization reac-
tion rate can be adjusted with these monomers.

[0110] Inaddition, in the present embodiment, a mixture of
a monomer represented by the following chemical formula
(7-1) and a monomer represented by the following chemical
formula (7-2) can also be used.

[Chem. 7]

{7-1)
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[0111] Inthiscase, visible light may be used to irradiate the
monomers to induce polymerization, thus reducing damage
to the liquid crystal and the photo-alignment films. Other
examples of monomers that can be used include benzoin
ether-based, acetophenone-based, benzil ketal-based, and
ketone-based monomers, which generate radicals by photof-
ragmentation and hydrogen abstraction. A polymerizable
group must be attached to these monomers. Examples of the
polymerizable group include an acryloyloxy group, a viny-
loxy group, an acryloylamino group, and a methacryloy-
lamino group, in addition to the methacryloyloxy group. In
addition, in the present embodiment, a polyimide having a
cyclobutane skeleton may be used as the main chain of a
polymer of an alignment film material.

[0112] In addition, a preferred structure in the polymer
layer is described in detail. The polymer layer preferably
includes a structure represented by the following chemical
formula (8) in the repeating unit.

[Chem. 8]
®)

[0113] In the chemical formula (8), X represents —H or
—CH,;; Y represents —O—, —COO—, —CONH—, or a
direct bond; R represents a divalent group having a benzene
ring structure that is bonded to at least Y; and Q represents a
monovalent organic group.

[0114] In the present invention, preferably used as the
monomer to form the repeating unit is a monomer that itself
acts as an initiator and undergoes polymerization by light
irradiation. Herein, such a monomer is also referred to as an
initiator function-imparted monomer. The monomer prefer-
ably has a structure in which an acryloyloxy group, a meth-
acryloyloxy group, a vinyl group, a vinyloxy group, an acry-
loylamino group, or a methacryloylamino group is bonded to
a benzene ring. If the monomer has a structure that forms a
repeating unit represented by the above chemical formula (8)
(preferably, a structure that includes the benzene ring), radi-
cals can be generated by light irradiation, as shown by the
following chemical reaction formula (9), for example. This
reaction is considered to be the same as the reaction in which
the functional group is cleaved to generate radicals during
photo-Fries rearrangement. Further, as shown by the follow-
ing chemical reaction formula (9), for example, the presence
of a methacrylate group allows a radical polymerization reac-
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tion to form a polymer. In general, a monomer that is poly-
merized by light irradiation is referred to as a photopolymer-
izable monomer. In the case of an initiator function-imparted
monomet, the photopolymerizable monomer itself generates
radicals and undergoes polymerization, and thus it does not
require an initiator. It should be noted that although an initia-
tor may be used to form the polymer layer, the initiator is
preferably used in a minimum amount because the residual
initiator will affect the performance of the liquid crystal dis-
play. It is most preferred not to use an initiator.

[Chem. 9]
O

0=
Light
0 +

CH;
0 0
-
CH;
— R
0]
n©
T
[0115] Inthe above chemical reaction formula (9), the sym-

bol “*” represents any organic group. The same applies here-
inafter.

[0116] The above chemical reaction formula (9) shows a
mode in which an initiator function-imparted monomer is
cleaved by light to generate radicals, and a mode in which a
double bond in the monomer is polymerized to form a repeat-
ing unit of a polymer.

[0117] Theinitiator function-imparted monomer refers to a
monomer that generates radicals and induces a polymeriza-
tion reaction, even in the absence of a commonly used initia-
tor, by light irradiation using visible light or ultraviolet light
whose intensity is comparable to that of ultraviolet light used
to irradiate a monomer to induce a polymerization reaction in
the usual PSA technique.

[0118] Preferably, R in the above chemical formula (8)
includes a structure selected from the following chemical
formula group (10). If a rod-like skeleton similar to arod-like
liquid crystal molecule and having high affinity with the
liquid crystal molecule is included in the repeating unit, it can
improve the solubility of the monomer in the liquid crystal
and can also enhance the alignment regulating force of the
horizontal photo-alignment films.
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[Chem. 10]

AN AN

NSO NA

(10)

\</:’ \; 2/ \/:\>
7 | N~
N Z N\

[
o X

/ \_/

/
\ X

[ Daval
\_/

[0119] Inthe chemical formulagroup (10), hydrogen atoms
may be partially or fully replaced by halogen atoms. In addi-
tion, each ring structure may be a hetero ring in which a
carbon atom is replaced by another atom.

[0120] The polymer layer preferably includes a structure
represented by the following chemical formula (11) or (12) in
the repeating unit.

gg//
X

[Chem. 11]
Q 11
0
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o X
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[Chem. 12]
(12)
Q
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H Y
H X
[0121] Inthe chemical formulae (11)and (12), X represents

—H or—CHs,; Y represents —O—, —COO—, —CONH—,
or a direct bond; and Q represents a monovalent organic
group.

[0122] Inother words, it is preferred that the polymer layer
includes a benzoyl skeleton. As shown by the following
chemical reaction formula (13), a monomer having a benzoyl
skeleton generates radicals by a hydrogen-atom abstraction
reaction. Thus, such a monomer is more likely to generate
radicals than a monomer having a non-benzoyl skeleton.
Therefore, it is possible to reduce the polymerization time
required for forming the polymer layer, and also to form a
dense polymer layer.

[Chem. 13]
(13)
] * OH
Light
e
(0] 6]
j :
CH; CH;
[0123] Preferably, Q in the above chemical formula (8)

includes a benzene ring structure that is bonded to the R
moiety. This allows the rod-like skeleton in the repeating unit
to become more similar to the rod-like skeleton of the liquid
crystal molecule, resulting in an improved affinity between
the monomer skeleton and the liquid crystal molecule as well
as an enhanced ability of the thus-formed polymer layer to
stabilize the liquid crystal alignment. In addition, the liquid
crystal is usually sealed within a panel in vacuum; however, if
the monomer has a low molecular weight, the concentration
of the monomer may unfortunately be reduced or become
uneven due to volatilization of the monomer. The introduc-
tion of a benzene ring can increase the molecular weight and
also reduce the volatility.
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[0124] Preferably, Q includes a polymer chain. This allows
the polymer layer to have a dense three-dimensional struc-
ture, thus improving the ability of the polymer layer to stabi-
lize the liquid crystal alignment.

[0125] The polymer layer is preferably formed from a
bifunctional monomer, and more preferably includes at least
one structure selected from the following chemical formula
group (14) in the repeating unit. This results in a further
increase in the density of polymerization starting points in the
liquid crystal display panel. In addition, in the case where
cleavage as shown by the above chemical reaction formula (9)
is induced to generate radicals, if the monomer is a bifunc-
tional monomer, each of the cleaved moieties will include a
polymerization reaction group. Thus, it is possible to sup-
press the unreacted materials from remaining in the liquid
crystal.

[Chem. 14]
(14
H X
g X
H Y
H VY
H X
Il{ 0
H Y
H X
g v
H Y
H X
H X
H X
H Y
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H Y
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[0126] In the chemical formula group (14), X and X' each
independently represent —H or —CH;; and Y and Y' each
independently represents —O—, —COO—, —CONH—, or
a direct bond.

[0127] The average molecular weight of the polymer con-
stituting the polymerlayer is not particularly limited, and may
be comparable to the number average molecular weight or
weight average molecular weight of the polymer formed by
the usual PSA technique. Typically, the average molecular
weight is desirably 8 or more in terms of the number of
repeating units, or 1000 or more in terms of the molecular
weight.

[0128] Inaddition to the monomers exemplified above and
the polymers including the structures exemplified above,
other monomers and polymers that are used in the usual PSA
technique can be suitably used in the present invention.

Example 1

[0129] A liquid crystal cell (liquid crystal display panel)
according to Embodiment 1 was actually produced in
Example 1.

[0130] First, a 10-inch IGZO-TFT substrate having an FFS
structure and a color filter substrate as a counter substrate
were provided. Herein, the IGZO-TFT substrate refers to an
active matrix substrate in which an indium gallium zinc com-
plex oxide is used as a semiconductor. In addition, a slit
electrode on the upper layer was formed to have an electrode
width L of 3 um and to have an inter-electrode distance (slit
width) S of 5 um (L/S=3 um/5 pum).

[0131] As a material of main spacers and sub spacers, a
negative photoresist was applied to the color filter substrate,
and a mask was arranged. Subsequently, the color filter sub-
strate was irradiated with light having a wavelength of 365 nm
and an intensity of 150 mJ/cm? A halftone mask having a
transmittance of 15% was used to form the sub spacers. The
proximity gap between the mask and the color filter substrate
was set to 240 um. Each sub spacer in Example 1 had the same
shape as the sub spacer 5 shown in FIG. 2. The sub spacer was
formed to have a bottom diameter of 12 pm and a height of2.5
wm. The height of the main spacer was set such that the
thickness of the liquid crystal layer in the active area was 3.3
wm, and the bottom diameter of the main spacer was set to 14
um. As shown in FIG. 1, the sub spacers were arranged on
almost all subpixels, and the main spacers were arranged on
the subpixels on which the sub spacers were not arranged. The
distance between the nearest adjacent sub spacers was set to
30 pum.

[0132] A coating solution containing a photoreactive align-
ment film material having a photoreactive functional group at
the side chain was applied to these substrates by ink-jet print-
ing to form a coating film. After the coating solution was
applied, the thus-obtained coating film was temporarily dried
at 80° C. for 3 minutes, and then baked at 200° C. for 40
minutes while purging with nitrogen gas. The alignment film
on a transparent electrode, which is the uppermost layer (i.e.,
the layer closest to the liquid crystal layer) on the active
matrix substrate, had a film thickness of 45 nm in the active
area. The alignment film on the color filter substrate had a film
thickness of 50 nm in the active area.

[0133] Next, these substrates were irradiated with linearly
polarized ultraviolet light having a wavelength of 313 nm and
an intensity of 5 J/cm? from the normal direction of the sub-
strates for liquid crystal alignment treatment (photo-align-
ment treatment), whereby a horizontal photo-alignment film
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was formed. The horizontal photo-alignment film was
aligned in a monodomain. In other words, the liquid crystal
alignment treatment was performed in a maskless manner,
and the domain was not divided.

[0134] Next, a thermosetting seal (HC1413FP, manufac-
tured by Mitsui Chemicals, Inc.) was printed on the active
matrix substrate by using a screen plate. These two types of
substrates were bonded to each other such that the polariza-
tion direction of irradiated ultraviolet light is consistent
between the substrates. Next, the bonded substrates were
heated at 200° C. for 60 minutes in a nitrogen-purged furnace
while applying a pressure of 0.5 kgf/cm? thereto, and the seal
was thus cured.

[0135] A liquid crystal material containing liquid crystal
molecules having positive anisotropy of dielectric constant
was injected under vacuum into a cell prepared by the above
method. An inlet of a cell through which the liquid crystal
material was injected was sealed with an epoxy adhesive
(ARALDITE AR-S30, manufactured by NICHIBAN Co.,
Ltd.). At this point, a short circuit was created between the
electrodes and electrostatic charge was removed from the
glass surface so that the liquid crystal alignment would not be
disturbed by an external electric field. Next, in order to
remove the liquid crystal flow alignment and simulate the
curing of the seal in the one drop fill (ODF) process during
mass production, the panel was heated at 130° C. for 40
minutes to transform the liquid crystal into the isotropic phase
for realignment treatment, whereby obtaining a liquid crystal
cell of the FFS mode in which the liquid crystal molecules
were uniaxially aligned in a direction perpendicular to the
polarization direction of ultraviolet light used to irradiate the
alignment film. All the processes were performed under yel-
low fluorescent light to prevent the liquid crystal panel from
being exposed to ultraviolet light emitted from a fluorescent
lamp.

Comparative Example 1

[0136] InComparative Example 1, a liquid crystal cell was
produced in the same manner as in Example 1, except that the
proximity gap was reduced and the intensity of light to irra-
diate the mask was also reduced to form the sub spacers.
Specifically, the proximity gap was set to 100 pm, and the
intensity of light having a wavelength of 365 nm in Compara-
tive Example 1 was set to 100% whereas the intensity of light
having awavelength of 365 nm in Example 1 was setto 110%.
The shape of the sub spacer in Comparative Example 1 was
the same as that of the sub spacer 105 of the comparative
embodiment shown in FIG. 2.

[0137] The incidence of disclinations was calculated for
each of the liquid crystal cells according to Example 1 and
Comparative Example 1. The calculation of the incidence of
disclinations is the same as the measurement of the so-called
vield of the liquid crystal display device. Specifically, a volt-
age of a threshold or higher was applied to the liquid crystal
cell placed between crossed-Nicols polarizers, and the pres-
ence of a disclination was visually determined under dark
room conditions. The liquid crystal cell in which one or more
disclinations were recognized in the display area was evalu-
ated as non-conforming. When 5 out of 100 liquid crystal
cells were evaluated as non-conforming, the incidence of
disclinations was calculated to be 5%.

[0138] Table 1 shows the results. The incidence of discli-
nations was very high (58.9%) in the liquid crystal cell
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according to Comparative Example 1, whereas the incidence
of disclinations decreased sharply (3.4%) in the liquid crystal
cell according to Example 1.

TABLE 1

Incidence of disclinations

Comparative Example 1 58.9%
Example 1 3.4%

Modified Example 1

[0139] Aliquid crystal cell was produced in the same man-
ner as in Example 1, except that the bottom diameter of the
sub spacer was set to 11.3 pm, 12 um, and 12.7 um indepen-
dently, and the bottom diameter of every main spacer was set
to 15 pm. The incidence of disclinations was measured for
each case. FIG. 10 shows the results. FIG. 10 is a graph
showing a relationship between the bottom diameter of the
sub spacer and the incidence of disclinations.

[0140] As shown in FIG. 10, the incidence of disclinations
was suppressed to a low level when the bottom diameter of the
sub spacer was 12 pm and 12.7 pm. In contrast, the incidence
of disclinations increased when the bottom diameter of the
sub spacer was 11.3 pm. The reason is considered as follows:
if the bottom diameter of the sub spacer is too small relative to
the bottom diameter of the main spacer, a portion correspond-
ing to the sub spacer will be exposed to less light while the
photoresist is irradiated with light; and as a result, the sub
spacer will shrink during post-baking, forming a depressed
portion at the distal end of the sub spacer.

[0141] As described above, it became clear from Modified
Example 1 that when the bottom diameter of the main spacer
is 15 um, the bottom diameter of the sub spacer is preferably
12 pm or more, and the difference in the bottom diameter
between the main spacer and the sub spacer s preferably 3 pm
or less. In addition, it became clear from Modified Example 1
that the bottom diameter of the sub spacer is preferably 80%
or more of the bottom diameter of the main spacer.

Embodiment 2

[0142] None of the sub spacers 5 included in the liquid
crystal display device according to Embodiment 1 had a
depressed portion. In contrast, each of the sub spacers 5
included in a liquid crystal display device according to
Embodiment 2 had a depressed portion. Except for the above
difference, the liquid crystal display device according to
Embodiment 2 is the same as the liquid crystal display device
according to Embodiment 1, and thus the description thereof
is omitted. In addition, various embodiments described in
Embodiment 1 are also suitably applicable to Embodiment 2.
[0143] FIG. 11is aschematic cross-sectional view showing
the sub spacer included in the liquid crystal display device
according to Embodiment 2, and the sub spacer included in
the liquid crystal display device according to the comparative
embodiment. As shown in FIG. 11, a sub spacer 205 included
in the liquid crystal display device according to Embodiment
2 is configured in the same manner as in the sub spacer 105
included in the liquid crystal display device according to the
comparative embodiment such that the thickness (height of a
point on the profile line) of the sub spacer 205 in the cross
sectional view monotonically increases up to a first point,
monotonically decreases from the first point to a second
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point, monotonically increases from the second point to a
third point. and then monotonically decreases from the third
point, in a range from an end 205a to another end 2054. In
other words, each of the sub spacers 105 and 205 is formed in
the shape having a depressed portion at the distal end. More
specifically, the cross sectional view refers to a cross section
of each of the sub spacers 105 and 205 (usually, a cross
section cutting through the center portion of the sub spacers
105 and 205), as in the case of Embodiment 1. In this case, the
cross section perpendicular to the color filter substrate (sub-
strate main surface) was observed.

[0144] Meanwhile, the depth of the depressed portion of the
sub spacer 205 is shallower than that of the sub spacer 105.
Specifically, the sub spacer 205 is formed such that the angle
6 formed between a line segment connecting the first point
and the second point and a line segment connecting the sec-
ond point and the third pointis 168° or more (preferably, 177°
or more) and less than 180°.

[0145] As described above, the sub spacer 205 is formed
such that the depth of the depressed portion is shallow, so that
an alignment disturbance, which becomes a core of a discli-
nation, does not easily occur at the depressed portion, and the
occurrence of a disclination is thus suppressed.

[0146] FIG.12is another schematic cross-sectional view of
the sub spacer included in the liquid crystal display device
according to Embodiment 2. As shown in FIG. 12, provided
that a first point “a” has coordinates (X1, Z1) and a second
point “b” has coordinates (X2, Z2), when the profile line has
a shape that is bilaterally symmetrical about a line extending
in the thickness direction of the sub spacer and passing
through the second point, the angle 8 formed between a line
segment connecting the first point “a” and the second point
“b” and a line segment connecting the second point “b” and
the third point “c” can be calculated from the following for-
mula.

Tan(6/2)=(X2-X1)(Z2-Z1)

Example 2

[0147] Aliquid crystal cell according to Embodiment 2 was
produced in Example 2.

[0148] A liquid crystal cell of Example 2 was produced in
the same manner as in the liquid crystal cell of Example 1,
except that the proximity gap was reduced and the intensity of
light to irradiate the mask was also reduced to form the sub
spacers. Specifically, the proximity gap was set to 100 pum,
and the intensity of light having a wavelength of 365 nm in
Example 2 was set to 91% whereas the intensity of light
having awavelength of 365 nmin Example 1 was setto 110%.
The shape of the sub spacer in Example 2 was the same as that
of the sub spacer 205 shown in FIG. 11.

[0149] The incidence of disclinations was calculated for
each of the liquid crystal cells according to Example 2 and
Comparative Example 1. The shape of the sub spacer in
Comparative Example | was the same as that of the sub spacer
105 of the comparative embodiment shown in FIG. 11, and
the angle 8=164°. Table 2 shows the results. The incidence of
disclinations was very high (58.9%) in the liquid crystal cell
according to Comparative Example 1, whereas the incidence
of disclinations was suppressed to a low level (11.4%) in the
liquid crystal cell according to Example 2.
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TABLE 2
Incidence of
disclinations 0 (deg)
Comparative Example 1 58.9% 164
Example 2 11.4% 168
Modified Example 2
[0150] A liquid crystal cell was produced in the same man-

ner as in Example 2, except that the angle 6 was set to 180°,
and the incidence of disclinations was measured. FIG. 13
shows the results. FIG. 13 is a graph showing a relationship
between the angle 0 and the incidence of disclinations.
[0151] As shown in FIG. 13, it became clear that the inci-
dence of disclinations was suppressed to a low level with the
angle 6 of 168° as a threshold.

[0152] The aforementioned embodiments may be
employed in appropriate combination as long as the combi-
nation is not beyond the spirit of the present invention. Each
embodiment may also be employed in appropriate combina-
tion with the other embodiments.

[0153] The present application claims priority to Patent
Application No. 2011-262528 filed in Japan on Nov. 30,2011
under the Paris Convention and provisions of national law in
a designated State, the entire contents of which are hereby
incorporated by reference.

REFERENCE SIGNS LIST

[0154] 1.2,101, 102: insulating substrate
[0155] 3. 103: common electrode

[0156] 4. 104: black matrix (BM)

[0157] 5. 105, 205: sub spacer

[0158] 5a, 55, 205a, 2055: end

[0159] 6.7, 106, 107: horizontal photo-alignment film
[0160] 8. 108: liquid crystal molecule
[0161] 10, 110: color filter substrate
[0162] 11,12,111, 112: linear polarizer
[0163] 13R, 13B, 13G: color filter

[0164] 15: main spacer

[0165] 20, 120: active matrix substrate
[0166] 23: pixel electrode

[0167] 30, 130: liquid crystal layer
[0168] a: first point

[0169] b: second point

[0170] c: third point

1. A liquid crystal display device comprising:

a pair of substrates facing each other; and

a horizontal alignment type liquid crystal layer interposed
between the pair of substrates,

wherein at least one of the pair of substrates includes a
photo-alignment film,

one of the pair of substrates includes multiple sub spacers,

the multiple sub spacers are not in contact with the facing
substrate under atmospheric pressure, and

each of the multiple sub spacers is formed such that its
thickness in a cross section monotonically increases and
then monotonically decreases from one end to another
end of the sub spacer.

2. The liquid crystal display device according to claim 1,

wherein an alignment film material to form the photo-
alignment film comprises at least one photoreactive
functional group selected from the group consisting of'a
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chalcone group, a coumarin group, a cinnamato group,
an azobenzene group, and a stilbene group.

3. The liquid crystal display device according to claim 1,

wherein an alignment film material to form the photo-

alignment film includes a cyclobutane skeleton in a
repeating unit.

4. The liquid crystal display device according to claim 2,
further comprising a polymer layer that is formed by poly-
merization of a monomer contained in the liquid crystal layer
and that has an alignment regulating force, on the liquid
crystal layer side of the photo-alignment film.

5. The liquid crystal display device according to claim 2,

wherein the substrate on which the multiple sub spacers are

provided further comprises multiple main spacers,

the multiple main spacers are in contact with the facing

substrate under atmospheric pressure, and

each of the multiple sub spacers has a bottom diameter of

80% or more of a bottom diameter of each of the mul-
tiple main spacers.

6. The liquid crystal display device according to claim 1,

wherein the photo-alignment film includes a main chain

structure of at least one polymer selected from the group
consisting of polyimides, polyamic acids, polymaleim-
ides, and polysiloxanes.

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

wherein the display mode of the liquid crystal display

device is an IPS mode or a FFS mode.

8. A liquid crystal display device comprising:

a pair of substrates facing each other; and

a horizontal alignment type liquid crystal layer interposed

between the pair of substrates,

wherein at least one of the pair of substrates includes a

photo-alignment film,

one of the pair of substrates includes multiple sub spacers,

the multiple sub spacers are not in contact with the facing

substrate under atmospheric pressure, and

each of the multiple sub spacers is formed such that its

thickness in a cross section monotonically increases up
to a first point, monotonically decreases from the first
point to a second point, monotonically increases from
the second point to a third point, and then monotonically
decreases from the third point, in a range from one end to
another end of the sub spacer, and

an angle formed between a line segment connecting the

first point and the second point and a line segment con-
necting the second point and the third point is at least
168°.
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9. The liquid crystal display device according to claim 8,

wherein an alignment film material to form the photo-

alignment film comprises at least one photoreactive
functional group selected from the group consisting of a
chalcone group, a coumarin group, a cinnamato group,
an azobenzene group, and a stilbene group.

10. The liquid crystal display device according to claim 8,

wherein an alignment film material to form the photo-

alignment film includes a cyclobutane skeleton in a
repeating unit.

11. The liquid crystal display device according to claim 9,
further comprising a polymer layer that is formed by poly-
merization of a monomer contained in the liquid crystal layer
and that has an alignment regulating force, on the liquid
crystal layer side of the photo-alignment film.

12. The liquid crystal display device according to claim 9,

wherein the substrate on which the multiple sub spacers are

provided further comprises multiple main spacers,

the multiple main spacers are in contact with the facing

substrate under atmospheric pressure, and

each of the multiple sub spacers has a bottom diameter of

80% or more of a bottom diameter of each of the mul-
tiple main spacers.

13. The liquid crystal display device according to claim 8,

wherein the photo-alignment film includes a main chain

structure of at least one polymer selected from the group
consisting of polyimides, polyamic acids, polymaleim-
ides, and polysiloxanes.

14. The liquid crystal display device according to claim 8,

wherein the display mode of the liquid crystal display

device is an IPS mode or a FFS mode.

15. The liquid crystal display device according to claim 1,

wherein one of the pair of substrates comprises a color

filter.

16. The liquid crystal display device according to claim 1,

wherein one of the pair of substrates comprises an IGZO-

TFT.

17. The liquid crystal display device according to claim 8,

wherein one of the pair of substrates comprises a color

filter.

18. The liquid crystal display device according to claim 8,

wherein one of the pair of substrates comprises an [GZO-

TFT.
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