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LIQUID CRYSTAL CELL AND LIQUID
CRYSTAL DISPLAY DEVICE

[0001] This application claims priority from U.S. Provi-
sional Application No. 62/649,585 filed on Mar. 29, 2018.
The entire contents of the priority application are incorpo-
rated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to a liquid crystal cell
and a liquid crystal display device.

BACKGROUND

[0003] The liquid cell of a liquid crystal display device is
provided with a color filter substrate in which a colored layer
is formed on a transparent substrate. The colored layer is
provided with a red colored layer, a green colored layer and
a blue colored layer, and each of these is constituted by a
transparent resin layer in which a pigment or the like
corresponding to each of the colors is dispersed. When light
(white light) from a back light device installed in the liquid
crystal display device is supplied thereto, the red colored
layer allows red light to transmit, the green coloring agent
allows green light to transmit and the blue colored layer
allows blue light to transmit.

[0004] In recent years, a color filter substrate which in
place of the colored layers of these color filter substrates, a
color conversion layer and a transparent layer are utilized
has been proposed. For example, Patent Literature 1 has
proposed a color filter substrate in which a color conversion
layer formed by dispersing quantum dots (Quantum Dot) in
a transparent resin layer is utilized. The color conversion
layer is constituted by a red conversion layer and a green
conversion layer, and by utilizing these color conversion
layers together with a transparent layer, color tones of the
respective pixels in the liquid crystal cell are represented.
When blue light is supplied thereto from the back light
device, red light is emitted from the red conversion layer,
green light is emitted from the green conversion layer, and
blue light, as it is, is emitted from the transparent layer.
[0005] By the way, on each of the surfaces of the color
filter substrate and an array substrate that is opposed to the
color filter substrate with a liquid crystal layer interposed
therebetween, an alignment film for controlling the pre-tilt
angle of liquid crystal molecules is formed. The alignment
film of this type is made of. for example, a thin film of
apolyimide-basedresin. As an alignment agent for forming
such an alignment film, Patent Literature 2 has described
that together with a tetracarboxylic acid di-anhydride com-
ponent and a diamine component, an epoxy group contain-
ing benzotriazole compound is used. Patent Literature 2 has
described that when such an alignment agent is baked at a
temperature in a range of 40 to 200° C., an alignment film
can be formed. Moreover, it has described that such an
alignment film makes it possible to alleviate the problem of
an excessive ionic density under high-temperature and high-
humidity environment.

[0006] Patent Literature 1: JP-A No. 2016-126352
[0007] Patent Literature 2: JP-A No. 2017-54119
[0008] The quantum dot is normally used in a state where

on the periphery of a core made of cadmium selenide
(CdSe), cadmium sulfide (CdS) or the like, a capping agent
made of a low molecule organic compound is adsorbed. This
capping agent is not necessarily chemically bonded to the
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core, but is adhered to the core by a weak interaction. For
this reason, the capping agent tends to be easily separated
from the core due to influences of heat. For example, in the
film-forming process of the alignment film, when a color
filter substrate including the quantum dots is heated at 200°
C. or more, the capping agent is easily separated from the
core of the quantum dot. When the capping agent is sepa-
rated, the quantum dots are not uniformly dispersed in a
resin layer to be aggregated, with the result that the quantum
efficiency is lowered by influences of self light extinction.
That is, when the capping agent is separated, an appropriate
color conversion cannot be carried out in the color conver-
sion layer, with the result that an image to be displayed in the
liquid crystal cell cannot be represented by appropriate color
tones.

[0009] Moreover, if one portion of the separated capping
agent is infiltrated into the liquid crystal layer during use of
the liquid crystal cell, the voltage holding rate (VHR) of the
liquid crystal cell is lowered due to influences of the capping
agent, with the result that its reliability might be lowered.
Generally, the capping agent of this type is provided with a
carboxyl group to be introduced into the core as an adsorp-
tion site together with an alkyl group. The carboxyl group
has an ionic property; therefore, when the capping agent
having such a functional group is infiltrated into the liquid
crystal layer, its VHR is caused to be lowered.

[0010] Moreover, in the case of a color filter substrate
using the quantum dots, blue light is supplied from the back
light device, as described above. The back light device of
this type uses a blue LED as a light source for blue light. The
blue LED emits ultraviolet light together with the blue light.
For this reason, when strong blue light and ultraviolet light
from the back light device are continuously exposed onto the
liquid crystal layer, the liquid crystal material in the liquid
crystal layer deteriorates more quickly to cause degradation
in the reliability of the liquid crystal cell, in comparison with
a conventional back light device utilizing white light.
[0011] Additionally, in the Patent Literature 2, although an
epoxy group containing benzotriazole compound is intro-
duced into the alignment film, no consideration is com-
pletely given to the use of a color conversion layer using
quantum dots in a color filter substrate. For this reason, in
the alignment film of Patent Literature 2, a baking treatment
is carried out under temperature conditions that cause deg-
radation in the quantum dots (cause separation in the cap-

ping agent).
SUMMARY

[0012] The present invention relates to a liquid crystal cell
that utilizes a color filter substrate having a color conversion
layer and a liquid crystal display device provided with the
liquid crystal cell, and the object of the present invention is
to suppress degradation in the reliability thereof.

[0013] The liquid crystal cell of the present invention
includes a color filter substrate, an array substrate, a liquid
crystal layer, and two alignment control layers. The color
filter substrate includes a color conversion layer for con-
verting the color of light but not an alignment film contain-
ing polyamic acid or polyimide, which requires a heating
process during formation. The array substrate is opposed to
the color filter substrate that is disposed such that the color
conversion layer in on an inner side. The liquid crystal layer
is interposed between the color filter substrate and the array
substrate. The liquid crystal layer includes liquid crystal
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molecules. The alignment control layers are formed on an
inner surface of the color filter substrate and an inner surface
of the array substrate, respectively. The alignment control
layers contact the liquid crystal layer. The alignment control
layers are made of reactants of radical polymerizable mono-
mers added to the liquid crystal material for forming the
liquid crystal layer. The alignment control layers control
orientations of the liquid crystal molecules. The radical
polymerizable monomers include radical polymerizable
monomers having ultraviolet-ray absorbing functional
groups.

[0014] In the liquid crystal cell, the color conversion layer
includes a red color conversion layer that contains quantum
dots for converting blue light to red light and a green color
conversion layer that contains quantum dots for converging
blue light to green light. The color filter substrate may
include not only the red conversion layer and the green
conversion layer but also a transparent layer that transmits
blue light without conversion.

[0015] In the liquid crystal cell, the array substrate may
include an alignment film disposed below the alignment
control layer. The alignment film may contain polyamic acid
or polyimide.

[0016] In the liquid crystal cell, the alignment film may
include a light aligning functional group, or a vertical
aligning functional group, or an ultraviolet-ray absorbing
agent.

[0017] Inthe liquid crystal cell, the ultraviolet-ray absorb-
ing agent may be a benzotriazole-based compound.

[0018] The radical polymerizable monomer may contain a
radical polymerizable monomer having a horizontal aligning
light functional group or a vertical aligning functional
group.

[0019] In the liquid crystal cell, the horizontal aligning
light functional group may be a functional group having a
chalcone group or an azobenzene group.

[0020] In the liquid crystal cell, the radical polymerizable
monomer including the vertical aligning functional group
may be a compound expressed by the following chemical
formula (1):

[c1]
M
F F
[CH>=CHCOO(CHy¢],CHCOO(CH) 160 O O
[0021] In the liquid crystal cell, the ultraviolet ray absorb-

ing functional group may be a radical polymerizable mono-
mer having a benzotriazole group.

[0022] In the liquid crystal cell, the radical polymerizable
monomer having a benzotriazole group may be a compound
expressed by the following chemical formula (2-1) and
chemical formula (2-2).
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[€2]
(2-1)
OH
N
=\
N
g%
N
0
]
(2-2)
OH
N
=\
g9,
./
N
0O
[0023] In the liquid crystal cell, the color filter substrate

may include a transparent support substrate, the color con-
version layer disposed on the support substrate and a polar-
izing layer disposed on the color conversion layer. The
liquid crystal cell may further include a polarizing plate that
is disposed outer than the array substrate and used in a pair
with the polarizing layer.

[0024] A liquid crystal display device according to the
present invention include the liquid crystal cell described
above and a backlight device that includes a light source
configured to emit blue light for supplying the blue light to
the liquid crystal cell.

[0025] In accordance with the present invention, in the
liquid crystal cell that includes the color filter substrate that
includes the color conversion layer and in the liquid crystal
display device that includes the liquid crystal cell, the
reliability is less likely to be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is an explanatory view that schematically
shows a configuration of a liquid crystal display device
relating to a first embodiment.

[0027] FIG. 2 is an explanatory view that schematically
shows a process where light is applied to a stacked body
constituted by a CF substrate and an array substrate that are
bonded to each other, with a liquid crystal layer interposed
therebetween.

[0028] FIG. 3 is an explanatory view that schematically
shows a state where an alignment control layer is formed on
a liquid crystal cell.

[0029] FIG. 4 is an explanatory view that schematically
shows a process where light is applied to a stacked body of
a second embodiment constituted by a CF substrate and an
array substrate that are bonded to each other, with a liquid
crystal layer interposed therebetween.

[0030] FIG. 5 is an explanatory view that schematically
shows a state where an alignment control layer is formed on
a liquid crystal cell relating to the second embodiment.
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[0031] FIG. 6 is an explanatory view that schematically
shows a configuration of a liquid crystal display device
relating to a third embodiment.

DETAILED DESCRIPTION

First Embodiment

[0032] A first embodiment of the present invention will be
described with reference to FIGS. 1 to 3. FIG. 1 is an
explanatory view that schematically shows a configuration
of a liquid crystal display device 10 in accordance with a
first embodiment. The liquid crystal display device 10 is
mainly provided with a liquid crystal panel 11 and a back
light device 12 that supplies blue light to the liquid crystal
panel 11.

[0033] The liquid crystal panel 11 is mainly provided with
a liquid crystal cell 14 and a polarizing plate 15 that is
affixed to the one surface of the liquid crystal cell 14.
Additionally, a polarizing layer (polarizing plate) 16, which
is on the other side and forms a pair with the polarizing plate
15, is disposed inside the liquid crystal cell 14, as will be
described later.

[0034] Liquid Crystal Cell 14

[0035] The liquid crystal cell 14 is mainly provided with
a pair of a color filter substrate (hereinafter, referred to as CF
substrate) 17 and an array substrate 18 that are opposed to
each other, a liquid crystal layer 19 that is interposed
between these substrates 17 and 18, and a seal member 20
that is interposed between the substrates 17 and 18 in a
manner so as to surround the periphery of the liquid crystal
layer 19.

[0036] The CF substrate 17 is constituted by a transparent
support substrate (for example, glass substrate) 21 on one
side of which a plurality of color conversion layers 22, a
plurality of transparent layers 23, a polarizing layer 16 and
the like are formed. The color conversion layer 22 is a layer
having a function for converting the color of light (blue
light) (that is, for conversing a wavelength of light) supplied
from the back light device 12, and is constituted by dispers-
ing quantum dots in a transparent resin.

[0037] The color conversion layer 22 is provided with a
red conversion layer 22a formed by dispersing quantum dots
for converting blue light into red light in a transparent resin
and a green conversion layer 226 formed by dispersing
quantum dots for converting blue light into green light in a
transparent resin. The quantum dots to be used for the color
conversion layer 22 are made of a II-VI family compound,
a [I-V family compound, a IV-VI family compound, a IV
family element, a IV family compound or a material made
of combining these with one another.

[0038] In particular, the quantum dot of the present
embodiment is formed by adsorbing a capping agent on the
surface of a core made of cadmium selenide (CdSe), cad-
mium sulfide (CdS), cadmium telluride (CdTe) or the like.
The capping agent is made of, for example, a low molecular
organic compound provided with an alkyl base and a car-
boxyl group introduced thereto as an adsorbing site to the
core. The quantum dot with a capping agent adhered to the
core 1is available from, for example, Sigma Aldrich Japan
Corporation, etc. Additionally, as the quantum dot, a so-
called core-shell type quantum dot formed by coating the
surface layer of the core with ZnS or the like, may be
utilized.
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[0039] The transparent layer 23, which is made of a
transparent resin, contains no fluorescent material such as
quantum dots, and allows blue light, as it is, to transmit
therethrough.

[0040] The red conversion layer 22a, the green conversion
layer 225 and the transparent layer 23 constitute a set of
color tone adjusting part 24, and a plurality of the color tone
adjusting parts 24 are installed so as to be assigned to each
of pixels (picture elements) of the liquid crystal cell 14.
Additionally, the red conversion layer 22a, the green con-
version layer 225 and the transparent layer 23 are partitioned
by a lattice-shaped black matrix, not shown.

[0041] The polarizing layer 16 has a function for allowing
only the light polarized in a specific direction to transmit,
and is installed so as to cover the color tone adjusting part
24 constituted by the color conversion layer 22 and the
transparent layer 23. The polarizing layer 16 is disposed
inside the liquid crystal cell 14. The polarizing layer 16 is
made, for example, by forming a polymer resin having an
azo-based colorant into a film, and the resulting film is
irradiated with a polarizing UV ray. As the polarizing layer
16, for example, a wire grid polarizing plate (polarizing
layer) that is utilized in the liquid crystal cell 14 may be
used.

[0042] Additionally, the CF substrate 17 is not provided
with an alignment film (for example, a polyimide based
alignment film made of polyamic acid or polyimide) that
requires a heating treatment (for example, heating treatment
under a temperature condition of 200° C. or more) at the
time of formation. Since the CF substrate 17 uses quantum
dots that are easily influenced by a heating treatment for the
color conversion layer 22, it is not desirable to form a
polyimide based alignment film made of polyamic acid or
polyimide thereon. Additionally, the polyamic acid is a
precursor of polyimide, and when the polyamic acid is
imidized, polyimide is formed. In the present specification,
“polyimide” is supposed to include materials imidized at
various imidizing ratios.

[0043] The array substrate 18 is constituted by forming a
plurality of thin-film transistors (TFT: Thin Film Transistor),
a plurality of pixel electrodes and the like on one surface
side of a transparent support substrate (glass substrate) 25.
The pixel electrode is made of a transparent conductive film
such as ITO (Indium Tin Oxide).

[0044] The array substrate 18 in the present embodiment
has a configuration in which on its surface facing the liquid
crystal layer 19, the polyimide based alignment film 26
made of polyamic acid or polyimide is formed so as to cover
the TFT and the like. Additionally, the array substrate 18 has
a configuration in which the color conversion layer 22 is
opposed to the color filter substrate 17, with the color
conversion layer 22 being disposed on the inside thereof (on
the liquid crystal layer 19 side). Additionally, the polymer
forming the alignment film 26 may have a light aligning
functional group, or may have a vertical aligning functional
group, if necessary. The light aligning functional group is a
functional group that exerts an aligning property upon
receipt of light, such as ultraviolet rays or the like, and the
vertical aligning functional group is a functional group that
reacts with liquid crystal molecules so that the liquid crystal
molecules are vertically aligned relative to the substrate
surface.

[0045] The liquid crystal layer 19 is constituted by a liquid
crystal material containing liquid crystal molecules. As the
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liquid crystal material, normally, a nematic liquid crystal
material containing thin, long organic molecules. As the
nematic liquid crystal material, a positive-type liquid crystal
material that exerts a positive dielectric anisotropy whose
dielectric constant is larger in the long axis direction and
smaller in a direction orthogonal to the long axis direction
(short axis direction), and a negative-type liquid crystal
material that exerts a negative dielectric anisotropy whose
dielectric constant is smaller in the long axis direction and
larger in a direction orthogonal to the long axis direction
(short axis direction).

[0046] In accordance with the liquid crystal alignment
mode or the like of the liquid crystal cell 14 (liquid crystal
panel 11), the liquid crystal material for use in the liquid
crystal layer 19 is selected from known liquid crystal
materials on demand, while adjusting various conditions,
such as nematic-isotropic phase transition temperature (Tni),
dielectric anisotropy (Ae), refractive index anisotropy (An)
and the like. In the case when, for example, the liquid crystal
alignment mode corresponds to a horizontal alignment
mode, such as a fringe field switching (FFS: Fringe Field
Switching) mode for applying a lateral electric field to the
liquid crystal layer 19, with liquid crystal molecules being
horizontally aligned relative to the substrate surface, a
negative-type liquid crystal material or a positive-type liquid
crystal material is utilized. Moreover, in the case when the
liquid crystal alignment mode corresponds to a vertical
alignment (VA: Vertical Alignment) mode in which liquid
crystal molecules are vertically aligned relative to the sub-
strate surface, a negative type liquid crystal material is
utilized.

[0047] Additionally, in the case when the liquid crystal
cell 14 corresponds to the horizontal alignment mode, com-
mon electrodes made of a transparent conductive film are
formed on the array substrate 18 in addition to pixel elec-
trodes. In this case, on the CF substrate 17, no electrodes
made of a transparent conductive film are formed. In con-
trast, in the case when the liquid crystal cell 14 corresponds
to the vertical alignment mode, on the array substrate 18,
pixel electrodes are formed, and on the CF substrate 17 also,
common electrodes (opposing electrodes) made of transpar-
ent conductive films are formed. Additionally, on each of the
electrodes made of transparent conductive films, an align-
ment regulating structural member, such as a slit or the like,
may be formed, if necessary.

[0048] The liquid crystal cell 14 of this type is further
provided with an alignment control layer 27 and an align-
ment control layer 28 that are respectively formed on the
inner surface of the CF substrate 17 and the inner surface of
the array substrate 18. These paired alignment control layers
27 and 28 have functions for controlling the direction
(alignment direction) of liquid crystal molecules in an
unapplied state of voltage. The alignment control layers 27
and 28 are made of a reactant of a radical polymerizable
monomer added to a liquid crystal material for forming the
liquid crystal layer 19. In the case of the present embodi-
ment, layers (polymer layers) made of polymers (reactants)
derived from radical polymerizable monomers are formed as
alignment control layers 27 and 28.

[0049] As the radical polymerizable monomer, for
example, a monomer represented by the following chemical
formula (3) is utilized.
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(€3]

P1—Spl—Z1—f Al—729—Sp2—P2

[0050] In formula (3), P1 and P2 are mutually independent
polymerizable groups made of an acrylate group or a meth-
acrylate group, Spl and Sp2 are mutually independent
spacer groups, which are straight-chain type, cyclic type or
branched-chain type saturated alkyl groups or unsaturated
alkyl groups or direct bonds of carbon numbers of 1 to 24,
71 and 72 are mutually independent —O— group, —S—
group, —CO— group, —COO— group, —OCO— group,
or direct bonds, and Al represents any one of 1,4-phenylene
group, 4,4'-bephenylene group, 2,6-naphthalene group, 2,6-
anthracene group, 2,7-phenanthrene group, 4,4'-chalcone
group and 4,4'-azobenzene group, and n represents any one
of integers of 1 to 3.

[0051] As the radical polymerizable monomer, a radical
polymerizable monomer with an initiator function added
thereto, which has a function for generating radicals upon
receipt of predetermined light (for example, polarizing ultra-
violet rays), is desirably used. The radical polymerizable
monomer having the initiator function of this type generates
radicals, for example, by a photo Fries rearrangement reac-
tion. Additionally, in the case when the monomer repre-
sented by the chemical formula (3) does not generate
radicals, a radical polymerizable initiator may be added to
the liquid crystal material.

[0052] Moreover, as the radical polymerizable monomer,
a radical polymerizable monomer having a horizontal align-
ing light functional group or a radical polymerizable mono-
mer having a vertical aligning functional group is utilized in
accordance with the liquid crystal alignment mode or the
like of the liquid crystal cell 14 (liquid crystal panel 11).
[0053] The horizontal aligning light functional group is a
functional group that exerts an effect on liquid crystal
molecules so as to horizontally align the liquid crystal
molecules relative to the substrate surface. As the horizontal
aligning light functional group, functional groups, such as,
for example, a chalcone group, an azobenzene group or the
like, are listed.

[0054] Moreover, the vertical aligning light functional
group is a functional group that exerts an effect on liquid
crystal molecules so as to vertically align the liquid crystal
molecules relative to the substrate surface. As the radical
polymerizable monomer having the vertical aligning func-
tional group, for example, a chemical compound indicated
by the following chemical formula (1) is listed.

[c4]
M
F F
[CHy=CHCOO(CHy)s];CHCOO(CHy),60 O O
[0055] Additionally, the radical polymerizable monomer

may contain a radical polymerizable monomer having an
ultraviolet absorbing functional group. The back light device
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12 is provided with a blue LED (light emitting diode) 29 for
emitting blue light as a light source. The blue LED 29
normally emits ultraviolet rays together with blue light;
therefore, in the case when strong blue light and ultraviolet
rays from the back light device 12 continuously expose the
liquid crystal layer 19, degradation of the liquid crystal
material (liquid crystal molecules) starts more earlier than
that in a conventional back light device utilizing white light,
with the result that reliability of the liquid crystal cell 14
might be lowered. For this reason, as described earlier, by
introducing a functional group (ultraviolet-ray absorbing
functional group) having a function for absorbing ultraviolet
rays into the polymer constituting the alignment control
layers 27 and 28, ultraviolet rays from the back light device
12 are absorbed, thereby suppressing the degradation of the
liquid crystal material (liquid crystal molecules).

[0056] As the radical polymerizable monomer having an
ultraviolet-ray absorbing functional group, not particularly
limited as long as the object of the present invention is not
impaired, for example, a radical polymerizable monomer
having a benzotriazole group is listed. Moreover, as the
radical polymerizable monomer having a benzotriazole
group, respective compounds indicated by the following
chemical formula (2-1) and chemical formula (2-2) are
listed.

[C5]
(2-1)
OH
=\
N
=~ 7
N
6}
(2-2)
OH
N
=\
N
4
N
6}
[0057] In this case, by reference to FIG. 2 and FIG. 3,

explanation will be given on a formation method of the
alignment control layers 27 and 28. Additionally, this case
exemplifies a configuration in which the alignment control
layers 27 and 28 for horizontally aligning liquid crystal
molecules are formed. FIG. 2 is an explanatory view that
schematically shows a process in which light 32 is applied
to a stacked body 140 constituted by a CF substrate 17 and
an array substrate 18 bonded to each other with a liquid
crystal layer 19 interposed therebetween, and FIG. 3 is an
explanatory view that schematically shows a state in which
the alignment control layers 27 and 28 are formed on the
liquid crystal cell 14. The liquid crystal layer 19 is formed
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by utilizing a liquid crystal material on which a radical
polymerizable monomer 31 is added as an additive. For this
reason, the radical polymerizable monomer 31 is present in
the liquid crystal layer 19 of the stacked body 140. The
liquid crystal material of this stacked body 140 is heated to
a temperature higher than that of Tni, and when to the
stacked body 140 in this state, a polarizing ultraviolet ray
(light 32) is applied from the outside of the array substrate
18 on which the alignment film 26 is formed, the radical
polymerizable monomer 31 (containing a radical polymer-
izable monomer having a horizontal aligning light functional
group) is reacted to generate a polymer so that a film made
of the polymer is formed on the inner surface (surface of a
polarizing layer 16 that is adjacent to the liquid crystal layer
19) of the CF substrate 17 and the inner surface (surface of
the alignment film 26 adjacent to the liquid crystal layer 19)
of the array substrate 18 in a manner so as to be separated
from the liquid crystal layer 19. The polymer films thus
formed constitute the alignment control layers 27 and 28
having a horizontal aligning property, as shown in FIG. 3.

[0058] Additionally, at the time of allowing the alignment
control layers 27 and 28 to exert the horizontal aligning
property, by heating these at a temperature higher than Tni
of the liquid crystal material, as described above, so that the
liquid crystal material (liquid crystal molecules) is brought
to an isotropic phase, light irradiation is desirably carried out
thereon.

[0059] As described above, the array substrate 18 of the
present embodiment is provided with the alignment film 26.
The alignment film 26 is formed by utilizing an alignment
agent made by mixing polyamic acid or polyimide in an
uncured state with a predetermined organic solvent. The
polymer for forming the alignment film 26 may be provided
with a horizontal aligning light functional group, or may be
provided with a vertical aligning functional group in accor-
dance with the liquid crystal alignment mode or the like of
the liquid crystal cell 14. Moreover, the polymer for forming
the alignment film 26 may be provided with a light aligning
functional group that reacts upon receipt of predetermined
light (ultraviolet ray or the like) and exerts a horizontal
aligning property or a vertical aligning property. In the
present specification, such a state as to exert a function for
horizontally alignming liquid crystal molecules relative to the
substrate surface is referred to as “horizontal aligning prop-
erty”, and such a state as to exert a function for vertically
aligning liquid crystal molecules relative to the substrate
surface 1s referred to as “vertical aligning property”.

[0060] Moreover, the alignment film 26 may contain an
ultraviolet-ray absorbing agent. By adding the ultraviolet-
ray absorbing agent into the alignment film 26, ultraviolet
rays from the back light device 12 are absorbed, thereby
making it possible to suppress degradation of the liquid
crystal material (liquid crystal molecules). As the ultravio-
let-ray absorbing agent to be utilized for the alignment film
26, not particularly limited as long as the object of the
present invention is not impaired, for example, a benzotri-
azole-based compound may be listed. As the benzotriazole-
based compound, for example, compounds indicated by the
following chemical formula (6-1), chemical formula (6-2)
and chemical formula (6-3) are listed.
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[0061] In the chemical formula (6-2) and chemical for-

mula (6-3), n represents any one of integers from 1 to 16.

[0062] The back light device 12 is a so-called edge light-
type device (or side light-type device), and provided with a
blue LED 29 and a light introducing plate 30. The light
introducing plate 30 is a plate-shaped member made of a
transparent synthetic resin. The blue LED 29 is configured
such that a light emitting surface 29a for emitting light is
disposed so as to be opposed to an end face 30a of the light
introducing plate 30. Light emitted from the light emitting
surface 29a is made incident into the light introducing plate
30 from the end face 30a. The light made incident into the
light introducing plate 30 is released from a plate face 305
on the surface side toward the liquid crystal panel 11 while
propagating through the light introducing plate 30.

[0063] When blue light from the blue LED 29 is made
incident into the liquid crystal panel 11 and further made
incident into a red conversion layer 22a of the color tone
adjusting part 24, the resulting light is converted to red light
by the red conversion layer 22a so that the red light is
released from the red conversion layer 22a. Moreover, when
blue light is made incident into a green conversion layer 225
of the color tone adjusting part 24, it is converted into green
light by the green conversion layer 225 so that the green
light is released from the green conversion layer 22b.
Moreover, when the blue light is made incident on the
transparent layer 23 of the color tone adjusting part 24, it
passes through the transparent layer 23 and is released from
the transparent layer 23. In this manner, by utilizing light
(red light, green light and blue light) released from the color
tone adjusting part 24, the color tone of each of pixels
(picture elements) of the liquid crystal cell 14 is represented.
Additionally, one portion of the blue light made incident on
the color conversion layer 22 is released as blue light, as it
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is, without being converted by the color conversion layer 22;
however, in the present specification, explanation of such
blue light will be omitted. Additionally, in another embodi-
ment, a so-called direct-type back light device may be used.
[0064] As described above, in the liquid crystal display
device 10 (liquid crystal cell 14) of the present embodiment,
since quantum dots are utilized in the color conversion layer
22 of the CF substrate 17, an alignment film made of
polyamic acid or the like, which requires a high-temperature
baking treatment at the time of film formation, is not formed
on the CF substrate 17. In the case of the liquid crystal cell
14 of the present embodiment, by utilizing the alignment
control layers 27 and 28 that can be formed without the
necessity of a heating treatment or the like causing degra-
dation (in particular, separation of the capping agent) in the
quantum dots, the alignment control of liquid crystal mol-
ecules can be carried out. For this reason, it becomes
possible to suppress the capping agent from separating from
the core of each quantum dot and the separated capping
agent from infiltrating into the liquid crystal layer 19 or the
like, thereby causing degradation of the VHR and degrada-
tion of the contrast of the liquid crystal panel 11.

[0065] Moreover, in the liquid crystal display device 10
(liquid crystal cell 14) of the present embodiment, it
becomes possible to introduce a configuration (ultraviolet-
ray absorbing functional group, ultraviolet-ray absorbing
agent) provided with an ultraviolet-ray absorbing function
into the polymer forming the alignment control layers 27
and 28, as well as into the alignment film 26 formed in the
array substrate 18, respectively. Therefore, even when an
ultraviolet ray is included in light supplied from the back
light device 12, the influences of the ultraviolet ray (for
example, degradation or the like of liquid crystal molecules
due to the ultraviolet ray) can be suppressed by absorbing
the ultraviolet ray.

[0066] Inthe liquid crystal display device 10 of the present
embodiment, the array substrate 18 is disposed on a side
closer to the back light device 12 of the liquid crystal cell 14
(liquid crystal panel 11), and on a side farther therefrom, the
CF substrate 17 is disposed. In the case when in this manner,
the color tone adjusting part 24 constituted by the color
conversion layer 22 and the transparent layer 23 is disposed
on the farther side from the back light device 12, it is
possible to desirably obtain a higher light utilization effi-
ciency and a wider viewing angle. Additionally, in another
embodiment, as long as the object of the present invention
is not impaired, a configuration in which the CF substrate is
disposed on a side closer to the back light device 12
(configuration in which the color tone adjusting part con-
stituted by the light conversion layer and the transparent
layer) may be used.

Second Embodiment

[0067] Next, referring to FIG. 4 and FIG. 5, explanation
will be given on a second embodiment of the present
invention. FIG. 4 is an explanatory view that schematically
shows a process where light 33 is applied to a stacked body
140A of the second embodiment constituted by a CF sub-
strate 17A and an array substrate 18 A that are bonded to each
other, with a liquid crystal layer 19A interposed therebe-
tween, and FIG. 5 is an explanatory view that schematically
shows a state where an alignment control layers 27A and
28A are formed on the liquid crystal cell 14A relating to the
second embodiment. In this case, explanation will be given
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on a case in which the alignment control layers 27A and 28A
for vertically aligning liquid crystal molecules are formed.
[0068] Additionally, in FIG. 4 and FIG. 5, those configu-
rations that are the same as those of the first embodiment are
indicated by the same reference numerals, and explanations
thereof will be omitted. Moreover, in FIG. 4 and FIG. 5, the
configurations of the present embodiment corresponding to
those of the first embodiment are indicated by using refer-
ence numerals used in the first embodiment to which a
subscript “A” is further added. The CF substrate 17A and the
array substrate 18A of the present embodiment are utilized
for a vertical alignment mode, and on the inner surface of the
array substrate 18A, a vertically aligning alignment film is
formed. In the liquid crystal layer 19A (liquid crystal mate-
rial) of the stacked body 140A having these CF substrate
17A and the array substrate 18A, a radical polymerizable
monomer 31A serving as an additive is included. In the case
when a non-polarizing ultraviolet ray is applied to this
stacked body 14A from the outside of the array substrate
18A on which the alignment film 26A is formed, the radical
polymerizable monomer (containing a radical polymerizable
monomer having a vertical aligning functional group) 31A
reacts to generate a polymer so that a film made of the
polymer is formed on the inner surface (surface of the
polarizing layer 16 adjacent to the liquid crystal layer 19A)
of the CF substrate 17A and the inner surface (surface of the
alignment film 26 A adjacent to the liquid crystal layer 19A)
of the array substrate 18A, in a manner so as to be separated
from the liquid crystal layer 19A. The polymer film formed
in this manner constitutes vertically aligning alignment
control layers 27A and 28A as shown in FIG. 5.

[0069] Additionally, at the time of allowing the alignment
control layers 27A and 28B to exert a vertical aligning
property, light irradiation may be carried out at a tempera-
ture condition (for example, room temperature of 23° C.) of
not more than the liquid crystal material Tni.

Third Embodiment

[0070] Next, referring to FIG. 6, explanation will be given
on a third embodiment of the present invention. FIG. 6 is an
explanatory view that schematically shows a configuration
of a liquid crystal display device 10B relating to the third
embodiment. Additionally, in FIG. 6, those configurations
that are the same as those of the first embodiment are
indicated by the same reference numerals, and explanations
thereof will be omitted. Moreover, in FIG. 6, the configu-
rations of the present embodiment corresponding to those of
the first embodiment are indicated by using reference
numerals used in the first embodiment to which a subscript
“B” is further added. A liquid crystal display device 10B in
the present embodiment is not provided with an alignment
film made of polyamic acid or the like formed on the array
substrate 18B provided on the liquid crystal cell 14B (liquid
crystal panel 11B). That is, in the present embodiment, no
alignment film made of polyamic acid or the like is formed
on any of the CF substrate 17 and the array substrate 18B.
In this liquid crystal cell 14B, an alignment control layer
27B made of a polymer film is formed on the inner surface
(surface of the polarizing layer 16 adjacent to the liquid
crystal layer 19) of the CF substrate 17 and an alignment
control layer 28B also made of a polymer film is formed on
the inner surface (surface adjacent to the liquid crystal layer
19) of the array substrate 18B. In this manner, the liquid
crystal cell 14B (liquid crystal panel 11B), which has a
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configuration of a conventional type without an alignment
film, may be used. Additionally, in this case, the configura-
tion having an ultraviolet ray absorbing function is intro-
duced into the alignment control layer.

EXAMPLES

[0071] Referring to examples, the following description
will further explain the present invention in detail. Addi-
tionally, the present invention is not intended to be limited
by these examples.

Example 1

[0072] An array substrate for an FFS mode in which a
TFT, a pixel electrode, a common electrode and the like
were formed on a glass substrate and a CF substrate for an
FFS mode in which a light conversion layer containing
quantum dots, a transparent layer, a polarizing layer inside
the cell, and the like were formed on a glass substrate, were
prepared. The pixel electrode and the common electrode of
the array substrate were made of ITO, and an SiN insulating
film was interposed between these.

[0073] The color conversion layer of the CF substrate was
constituted by a red color conversion layer made of a
material in which quantum dots for converting blue light
into red light were dispersed in a transparent resin and a
green color conversion layer made of a material in which
quantum dots for converting blue light into green light were
dispersed in a transparent resin. The quantum dots used for
the respective color conversion layers were selected and
prepared on demand from a I1-VI family compound, a I1I-V
family compound, a IV-VI family compound, a IV family
element, and a IV family compound and those materials
formed by combining these with one another. The transpar-
ent layer of the CF substrate was made of a transparent resin.
Moreover, the polarizing layer inside the cell was made by
forming a polymer resin having an azo-based colorant into
a film and by irradiating the resulting film with a polarizing
UV ray (inside cell wire grid polarizing plate). Additionally,
the CF substrate was provided with no electrodes.

[0074] Of the pair of these substrates, onto only the inner
surface side of the array substrate, a horizontal aligning
alignment agent containing polyamic acid was applied by a
spin coating method. The coated object was subjected to a
temporary baking treatment in which it was baked at 90° C.
for two minutes, and successively subjected to a main
baking treatment in which it was baked at 200° C. for 20
minutes. Thereafter, a rubbing treatment was carried out on
the coated object so that an alignment film (polyamic
acid-based horizontal alignment film) was formed on the
array substrate.

[0075] Successively, on the inner surface side of the array
substrate, a seal member for ODF (One Drop Fill) in an
uncured state (ultraviolet-ray curing seal member) was
drawn in a lattice shape by utilizing a dispenser. Next, a
negative-type liquid crystal material containing a monomer
to be described later was dripped at predetermined positions
on the inner surface side of the CF substrate.

[0076] The negative-type liquid crystal material contain-
ing a monomer contained a monomer having a chalcone
group indicated by the following chemical formula (7) at a
rate of 1.2% by mass. Moreover, the nematic-isotropic phase
transition temperature (Tni) of the negative-type liquid
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crystal material containing a monomer was adjusted to 85°
C., A thereof was adjusted to -3.5 and An thereof was
adjusted to 0.095.

[€7]
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[0077] Next, the array substrate and the CF substrate were
bonded to each other under vacuum to form a stacked body,
and by irradiating the seal member of the stacked body with
ultraviolet ray, the seal member was optically cured. Suc-
cessively, from the outside of the array substrate, the stacked
body was irradiated with a polarizing UV ray under a
condition of 5 J/em?® (wavelength: 365 nm) in a heated state
of the stacked body at 95° C. so that horizontal aligning
control layers were respectively formed on the inside of the
array substrate and the inside of the CF substrate, thereby
obtaining a liquid crystal cell for the FFS mode. By affixing
a polarizing plate onto the outside of the array substrate of
the liquid crystal cell, a liquid crystal panel of example 1 was
manufactured.

Example 2

[0078] The same processes as those of example 1 were
carried out except that no polyamic acid-based horizontal
alignment film was formed on the array substrate (that is,
none of the substrates had alignment films formed thereon),
thereby manufacturing a liquid crystal panel.

Comparative Example 1

[0079] The same processes as those of example 1 were
carried out except that no polyamic acid-based horizontal
alignment film was formed on the two substrates and that no
horizontal alignment control layer was formed on the two
substrates (that is, no monomer for horizontal alignment
control layer was added to the negative type liquid crystal
material) so that a liquid crystal panel was formed.

[0080]

[0081] The liquid crystal panel of the example 1 or the like
was held under an environment of 70° C. for 1000 hours, and
before and after this process (at the test initiation time and
1000 hours after the test initiation time), the contrast and
voltage holding ratio (VHR: Voltage Holding Ratio) of the
liquid crystal panel were measured. The measurement of the
contrast was carried out under an environment of 25° C. by
using a Topcon UL-1. Moreover, the measurement of the
voltage holding ratio was carried out under environments of
1V at 70° C. by using a VHR measuring system of type 6254
(made by Toyo Corporation). The results were shown in
Table

High Temperature Holding Test
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TABLE 1
0 HOUR 1000 HOURS LATER
VHR VHR
CONTRAST (%) CONTRAST (%)
EXAMPLE 1 1150 99.3 1050 98.2
EXAMPLE 2 1170 99.1 1030 97.8
COMPARATIVE 1020 96.4 880 92.3
EXAMPLE 1
[0082] Inexamples 1 and 2, the VHR at the test initiation

time (0 hour) was 99% or more, and after held for 1000
hours under a condition of 70° C., the VHR showed about
98%. In contrast, in comparative example 1, the VHR at the
test initiation time (0 hour) was about 96% which was a low
value, and after held for 1000 hours under a condition of 70°
C., the VHR was further lowered. This is presumably
because since at the time of forming a polyamic acid-based
alignment film on the CF substrate on which quantum dots
were formed, a baking treatment at 200° C. was carried out,
the capping agent of the quantum dots was separated from
the core and one portion thereof was infiltrated into the
alignment film, and was further infiltrated into the liquid
crystal layer. Another possibility was that since at the test
initiation time (0 hour), the contrast of the comparative
example showed a value lower than those of the examples 1
and 2, an azo-based pigment forming the inside cell polar-
izing layer formed on the CF substrate was infiltrated into
the polyamic acid-based alignment film and the liquid
crystal layer. As the results described above, since no
polyamic acid-based alignment film that requires a high-
temperature baking treatment at 200° C. or more on the CF
substrate side using quantum dots, it becomes possible to
design a liquid crystal cell (liquid crystal panel) of FFS
mode provided with a CF substrate using quantum dots
having high vales in contrast and VHR.

Example 3

[0083] The same array substrate for the FFS mode as that
of example 1 and a CF substrate for the FFS mode using
quantum dots were prepared. Of these paired substrates,
only on the inner surface side of the array substrate, an
alignment agent to be described below was applied by using
a spin coat method. The alignment agent includes polyamic
acid containing azobenzene as a light functional group and
1s formed by adding an ultraviolet absorbing agent indicated
by the following chemical formula (8) at a rate of 10% by
mass relative to the entire solid component.

[C8]
®)
OH
N
=\
N
=~/
N
[0084] Next, a temporary baking treatment for heating the

coated object at 90° C. for two minutes was carried out, and
suiccessively, a main baking treatment at the first time for
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heating at 120 for 20 minutes was carried out. Thereafter, by
irradiating the coating object with the linear polarizing light
from a direction (normal direction) vertical to the array
substrate under a condition of 2 J/cm?, the coated object was
subjected to a light aligning treatment. Thereafter, the coated
object was subjected to a main baking treatment at the
second time for heating at 230° C. for 40 minutes. In this
manner, a polyamic acid-based horizontal alignment film
(horizontal light alignment film) containing an ultraviolet
absorbing agent was formed on the inner surface side of the
array substrate.

[0085] Successively, on the inner surface side of the array
substrate, a seal member for ODF (One Drop Fill) in an
uncured state (ultraviolet-ray curing seal member) was
drawn in a lattice shape by utilizing a dispenser. Next, the
same negative-type liquid crystal material containing a
monomer as that of example 1 was dripped at predetermined
positions on the inner surface side of the CF substrate.
[0086] Thereafter, the array substrate and the CF substrate
were bonded to each other under vacuum to form a stacked
body, and by irradiating the seal member of the stacked body
with ultraviolet ray, the seal member was optically cured.
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respective alignment agents of examples 4 and 5 as well as
comparative examples 2 and 3 were manufactured. More-
over, the same processes as those of example 3 were carried
out except that in place of the alighment agent of example
3, the respective alignment agents of examples 4 and 5 as
well as comparative examples 2 and 3 were used so that
liquid crystal panels of examples 4 and 5 as well as com-
parative examples 2 and 3 were manufactured.

[0088] Blue LED Exposure Test

[0089] A back light device of an edge light device using a
blue LED was prepared as a light source, and exposure by
the light from the back light device was performed on the
liquid crystal panel of example 3 or the like for 1000 hours,
and before and after this process (at the test initiation time
and 1000 hours after the test initiation time), the contrast and
voltage holding ratio (VHR) of the liquid crystal panel were
measured. Light from the back light device was made
incident on the array substrate side of the liquid crystal
panel. The results were shown in table 2. Additionally, the
measurements of the contrast and the VHR were carried out
by using the same devices as those of the example 1. The
same is true for examples or the like to be described later.

TABLE 2
AMOUNT OF
INTRODUCTION
(wt %) OF
ULTRAVIOLET-RAY
ABSORBING
AGENT OF 0 HOUR 1000 HOURS LATER
CHEMICAL FORMULA VHR VHR
(®) CONTRAST (%) CONTRAST (%)
COMPARATIVE 0 1400 9.3 1100 920
EXAMPLE 2
EXAMPLE 3 10 1440 9.3 1350 96.4
EXAMPLE 4 20 1430 9.2 1360 97.7
EXAMPLE 5 30 1440 9.2 1350 98.0
COMPARATIVE 35 1200 98.8 1100 98.0
EXAMPLE 3
Successively, from the outside of the array substrate, the [0090] In comparative example 2, since no ultraviolet ray

stacked body was irradiated with a polarizing UV ray under
acondition of 5 J/em? (wavelength: 365 nm) in a heated state
of the stacked body at 95° C. so that horizontal aligning
control layers were respectively formed on the inside of the
array substrate and the inside of the CF substrate, thereby
obtaining a liquid crystal cell for the FFS mode of example
3. By aflixing a polarizing plate onto the outside of the array
substrate of the liquid crystal cell, a liquid crystal panel of
example 3 was manufactured. Additionally, by making the
polarizing direction of the linear polarizing light irradiated at
the time of the light aligning process and the polarizing
direction of a polarizing UV ray that was irradiated for a
monomer polymerization in the liquid crystal layer the same
as each other, the aligning direction of the liquid crystal
molecules in the liquid crystal layer was set to one direction.

Examples 4 and 5 as Well as Comparative
Examples 2 and 3

[0087] The same processes as those of example 3 were
carried out except that the amount of addition of an ultra-
violet ray absorbing agent indicated by the chemical formula
(8) was altered to values indicated by table 2 so that

absorbing agent (formula (8)) was added to the alignment
film, the VHR was lowered to 92% by the exposure with the
LED. Since ultraviolet rays are also included in the light
emitted from the blue LED and since the alignment film and
the liquid crystal layer are directly exposed with the ultra-
violet rays, it is presumed that deterioration occurs in the
alignment film and the liquid crystal layer to cause the
lowering of the VHR. Moreover, with respect to the contrast
in comparative example 2, since its azobenzene functional
group is directly exposed by the ultraviolet rays, it is
presumed that the contrast was lowered due to disturbance
of the alignment of liquid crystal molecules.

[0091] Moreover, in comparative example 3, since the
amount of addition of the ultraviolet-ray absorbing agent in
the alignment film was set to 35% by mass and since
aggregation of the ultraviolet-ray absorbing agent was
started to occur in the alignment film, it is presumed that
light scattering occurred to cause the lowering in the con-
trast.

[0092] As described above, it is confirmed that by adding
the ultraviolet-ray absorbing agent into the alignment film at
a ratio of 0% by mass or more to 35% by mass or less, the
lowering of the VHR and contrast can be suppressed even
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when exposed with the blue LED, in the liquid crystal panels
(liquid crystal cells) of examples 3 to 5.

Example 6

[0093] The same array substrate for the FFS mode as that
of example 1 and a CF substrate for the FFS mode using
quantum dots were prepared. On these paired substrates, no
alignment films of conventional type (polyimide-based
alignment films) were formed. On the inner surface side of
the array substrate, a seal member for ODF in an uncured
state (ultraviolet curing sealing member) was drawn into a
lattice shape by using a dispenser. Moreover, a negative-type
liquid crystal material containing a monomer to be described
later was dripped at predetermined positions on the inner
surface side of the CF substrate.

[0094] The negative-type liquid crystal material contain-
ing a monomer includes a monomer having a chalcone
group indicated by the chemical formula (7) at a ratio of
1.2% by mass, and also includes a monomer having an
ultraviolet-ray absorbing function (ultraviolet-ray absorbing
functional group) indicated by the following chemical for-
mula (2-1) at a ratio of 0.05% by mass. Moreover, the Tni
of the negative-type liquid crystal material containing a
monomer was set to 85° C., Ae thereof was adjusted to -3.5
and An thereof was adjusted to 0.095.

[co
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[0095] Successively, the array substrate and the CF sub-
strate were bonded to each other under vacuum to form a
stacked body, and by irradiating the seal member of the
stacked body with ultraviolet ray, the seal member was
optically cured. Successively, from the outside of the array
substrate, the stacked body was irradiated with a polarizing
UV ray under a condition of 5 J/cm® (wavelength: 365 nm)
in a heated state of the stacked body at 95° C. so that
horizontal alignment control layers were respectively
formed on the inside of the array substrate and the inside of
the CF substrate, thereby obtaining a liquid crystal cell for
the FFS mode of example 6. By affixing a polarizing plate
onto the outside of the array substrate of the liquid crystal
cell, a liquid crystal panel of example 6 was manufactured.

Examples 7 to 9 and Comparative Example 4

[0096] The same processes as those of example 6 were
carried out except that the amount of addition of the mono-
mer provided with an ultraviolet-ray absorbing function
(ultraviolet-ray absorbing functional group) indicated by
formula (2-1) was altered to values shown in table 3,
negative-type liquid crystal materials of examples 7 to 9 as
well as comparative example 4 were manufactured. More-
over, the same processes as those of example 6 were carried
out except that the negative-type liquid crystal material of

OH examples 7 to 9 as well as comparative example 4 were used

/N\ in place of the negative-type liquid crystal material contain-
N ing a monomer of example 6, thereby obtaining liquid
\N/ crystal cells of examples 7 to 9 as well as comparative

example 4.
[0097] Blue LED Exposure Test

[0098] The same blue LED exposure test as that of the
example 3 was carried out on each of the liquid crystal cells
of examples 7 to 9 as well as comparative example 4. The
results were shown in table 3.

TABLE 3
AMOUNT OF
INTRODUCTION
(wt %) OF
MONOMER OF 0 HOUR 1000 HOURS LATER
CHEMICAL FORMULA VHR VER
@-1) CONTRAST (%) CONTRAST (%)
COMPARATIVE 0 1380 98.6 1220 90.3
EXAMPLE 4
EXAMPLE 6 0.05 1380 98.4 1250 92.1
EXAMPLE 7 0.1 1400 98.4 1300 96.0
EXAMPLE 8 02 1440 98.3 1300 96.1
EXAMPLE 9 03 1380 98.3 1290 95.7
(PARTIALLY

INSOLUBLE)
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[0099] 1In each of the liquid crystal cells of examples 6 to
9, no alignment film of the conventional type was installed,
and by utilizing the film (horizontal alignment control layer)
formed by the polymerization of the monomer, horizontal
alignment control of liquid crystal molecules was carried
out. The results of examples 6 to 9 showed that as the
concentration of the monomer provided with the ultraviolet-
ray absorbing function indicated by formula (2-1) increases,
the lowering of the VHR after exposure by blue LED is
suppressed. Additionally, in example 9, the monomer was
not completely dissolved in the negative-type liquid crystal
material. For this reason, even when the amount of the
monomer to be added to the negative-type liquid crystal
material was increased to 0.2% by mass or more, further
improvement of the VHR after exposure by blue LED was
not confirmed. In contrast, in the case of the liquid crystal
cell of comparative example 4, since no component derived
from the monomer having the ultraviolet-ray absorbing
function indicated by formula (2-1) was contained in the
horizontal alignment control layer, the VHR was further
lowered to about 90% by exposure by the blue LED. As
described above, it is confirmed that by introducing a
component derived from the monomer having the ultravio-
let-ray absorbing function into the horizontal alignment
control layer, the lowering of the VHR and the lowering of
the contrast can be suppressed in the liquid crystal cells of
examples 6 to 9 even when exposed by the blue LED.

Example 10

[0100] The same array substrate for the FFS mode as that
of example 1 and a CF substrate for the FFS mode using
quantum dots were prepared. On these paired substrates, no
alignment film (polyimide based alignment film) of the
conventional type was formed. On the inner surface side of
the array substrate, a seal member for ODF (One Drop Fill)
in an uncured state (ultraviolet-ray curing seal member) was
drawn in a lattice shape by utilizing a dispenser. Next, a
positive-type liquid crystal material containing a monomer
to be described later was dripped at predetermined positions
on the inner surface side of the CF substrate.

[0101] The positive-type liquid crystal material containing
a monomer contained a monomer having an azobenzene
group indicated by the following chemical formula (10) at a
rate of 1.2% by mass, and also contained a monomer having
an ultraviolet-ray absorbing function indicated by the afore-
mentioned chemical formula (2-1) at a rate 0 0.1% by mass.
Moreover, the Tni of the positive-type liquid crystal material
containing a monomer was adjusted to 85° C., Ae thereof
was adjusted to 7.5 and An thereof was adjusted to 0.095.
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[0102] Next, the array substrate and the CF substrate were

bonded to each other under vacuum to form a stacked body,
and by irradiating the seal member of the stacked body with
ultraviolet ray, the seal member was optically cured. Suc-
cessively, from the outside of the array substrate, the stacked
body was irradiated with a polarizing UV ray under a
condition of 5 J/em? (wavelength: 365 nm) in a heated state
of the stacked body at 95° C. so that horizontal alignment
control layers were respectively formed on the inside of the
array substrate and the inside of the CF substrate, thereby
obtaining a liquid crystal cell for the FFS mode of example
10. By aflixing a polarizing plate onto the outside of the
array substrate of the liquid crystal cell, a liquid crystal panel
of example 10 was manufactured.

Examples 11, 12 and Comparative Examples 3, 6

[0103] The same processes as those of example 10 were
carried out except that the amount of addition of the mono-
mer provided with an ultraviolet-ray absorbing function
indicated by the formula (2-1) was altered to values indi-
cated by table 4 so that respective positive-type liquid
crystal materials of examples 11 and 12 as well as compara-
tive examples 5 and 6 were obtained. Moreover, the same
processes as those of example 10 were carried out except
that in place of the positive-type liquid crystal material
containing a monomer of example 10, the respective posi-
tive-type liquid crystal materials of examples 11 and 12 as
well as comparative examples 5 and 6 were used so that
liquid crystal panels of examples 11 and 12 as well as
comparative examples 5 and 6 were manufactured.

[0104] Blue LED Exposure Test

[0105] The same blue LED exposure test as that of the
example 3 was carried out on the respective liquid crystal
panels of examples 11 and 12 as well as comparative
examples 5 and 6. The results were shown in table 4.

TABLE 4
AMOUNT OF
INTRODUCTION
(wt %) OF

MONOMER OF 0 HOUR 1000 HOURS LATER
CHEMICAL FORMULA VHR VHR
@-1) CONTRAST (%) CONTRAST (%)
COMPARATIVE 0 1200 9.0 1060 92.8

EXAMPLE 5
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TABLE 4-continued
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AMOUNT OF
INTRODUCTION
(wt %) OF
MONOMER OF 0 HOUR 1000 HOURS LATER
CHEMICAL FORMULA VHR VHR
(2-1) CONTRAST (%) CONTRAST (%)
EXAMPLE 10 0.1 1200 99.0 1130 97.1
EXAMPLE 11 0.2 1200 98.8 1180 97.3
EXAMPLE 12 03 1170 98.8 1180 98.0
COMPARATIVE 0.4 1060 98.9 970 98.0
EXAMPLE 6
[0106] The liquid crystal cells of examples 10 to 12 were conversion layer containing quantum dots for converting

provided with liquid crystal layers made of a positive-type
liquid crystal material and also provided with horizontal
alignment control layers containing a component derived
from a monomer having an ultraviolet-ray absorbing func-
tion indicated by chemical formula (2-1). Since the liquid
crystal cell of comparative example 4 contained no compo-
nent derived from the monomer having the ultraviolet-ray
absorbing function in the horizontal alignment control layer,
the VHR was further lowered to about 90% after exposure
by the blue LED, even in the case when the positive-type
liquid crystal material was used. This is presumably caused
by degradation in the liquid crystal material and horizontal
alignment control layer due to blue light and ultraviolet rays
emitted from the blue LED. Moreover, as indicated by table
4, as the amount of addition of the monomer increased, the
lowering of the VHR after exposure by blue LED was
greatly suppressed. However, as the concentration of the
monomer increases, the contrast of the test initiation time (0
hour) in the initial state tends to be lowered. In particular, in
comparative example 6, the contrast in the initial state was
lowered down to 1060. This is presumably because since the
introduction rate of the monomer of the chemical formula
(10) having the horizontal alignment control function was
lowered in accordance with the increase of the concentration
of the monomer having the ultraviolet-ray absorbing func-
tion in the horizontal alignment control layer, the degree
(alignment degree) of the horizontal alignment control of
liquid crystal molecules by the horizontal alignment layer
was lowered. As described above, it is confirmed that by
introducing the monomer having the ultraviolet-ray absorb-
ing function to the positive-type liquid crystal material at a
rate of less than 0.4% by mass, the lowering of the VHR and
contrast in liquid crystal cells can be suppressed, even when
exposed by the blue LED.

Example 13

[0107] An array substrate for the VA mode constituted by
a TFT, pixel electrodes and the like formed on a glass
substrate and a CF substrate for the VA mode in which a
color conversion layer containing quantum dots, a transpat-
ent layer, opposing electrodes opposed to the pixel elec-
trodes and an inner cell polarizing layer and the like are
formed on a glass substrate, were prepared. The pixel
electrodes of the array substrate and the opposing electrodes
of the CF substrate are made of [TO. In the same manner as
in example 1, the color conversion layer of the CF substrate
is constituted by a red conversion layer containing quantum
dots for converting blue light to red light and a green

blue light to green light. The transparent layer is made of a
transparent resin that allows blue light, as it is, to transmit.
[0108] Of these paired substrates, only on the inner sur-
face side of the array substrate, an alignment agent for a
polyamic acid-based vertical alignment film formed by
adding the ultraviolet ray absorbing agent indicated by the
chemical formula (8) is applied at a rate of 10% by mass
relative to the entire solid component by using a spin coating
method.

[0109] The coated object was subjected to a temporary
baking treatment in which it was baked at 90° C. for two
minutes, and successively subjected to a main baking treat-
ment in which it was baked at 200° C. for 40 minutes. In this
manner, an alignment film (polyamic acid-based vertical
alignment film) was formed on the array substrate.

[0110] Successively, on the inner surface side of the array
substrate, a seal member for ODF (One Drop Fill) in an
uncured state (ultraviolet-ray curing seal member) was
drawn in a lattice shape by utilizing a dispenser. Next, a
negative-type liquid crystal material containing a monomer
to be described later was dripped at predetermined positions
on the inner surface side of the CF substrate.

[0111] The negative-type liquid crystal material contain-
ing a monomer contained a monomer having a vertical
alignment group indicated by the following chemical for-
mula (1) at a rate of 3.0% by mass, and also contained a
monomer indicated by the following chemical formula (12)
at a rate of 0.3% by mass. Moreover, the Tni of the
negative-type liquid crystal material containing a monomer
was adjusted to 85° C., Ae thereof was adjusted to -3.5 and
An thereof was adjusted to 0.095.

[C11]
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[CH,=CHCOO(CH)s],CHCOO(CHy) 140 O O
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[0112] Thereafter, the array substrate and the CF substrate
were bonded to each other under vacuum to form a stacked
body, and by irradiating the seal member of the stacked body
with ultraviolet ray, the seal member was optically cured.
Successively, from the outside of the array substrate, the
stacked body was irradiated with a non-polarizing UV ray
under a condition of 2 J/em? (wavelength: 365 nm) so that
vertical alignment control layers were respectively formed
on the inside of the array substrate and the inside of the CF
substrate, thereby obtaining a liquid crystal cell for the VA
mode of example 13. By affixing a polarizing plate onto the
outside of the array substrate of the liquid crystal cell, a
liquid crystal panel of example 13 was manufactured.

Examples 14, 15 and Comparative Examples 7, 8

[0113] The same processes as those of example 13 were
carried out except that the amount of addition of an ultra-
violet ray absorbing agent indicated by the chemical formula
(8) was altered to values indicated by table 5 so that
respective alignment agents of examples 14 and 15 as well
as comparative examples 7 and 8 were manufactured. More-
over, the same processes as those of example 13 were carried
out except that in place of the alignment agent of compara-
tive example 13, the respective alignment agents of
examples 14 and 15 as well as comparative examples 7 and
8 were used so that liquid crystal panels of examples 14 and
15 as well as comparative examples 7 and 8 were manufac-
tured.

[0114] Blue LED Exposure Test

[0115] The same blue LED exposure test as that of the
example 3 was carried out on the respective liquid crystal
panels of examples 14 and 15 as well as comparative
examples 7 and 8. The results were shown in table 5.
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alignment film and the liquid crystal molecules, with the
result that the VHR was lowered. Moreover, with respect to
the contrast also, it is presumed that since the vertical
aligning group of the vertical alignment control layer was
directly exposed by the ultraviolet rays, the vertical aligning
property is lowered. In contrast, comparative example 8
shows a configuration in which the ultraviolet-ray absorbing
agent is introduced into the vertical alignment film at a rate
of 35% by mass. In comparative example 8, since aggrega-
tion of the ultraviolet-ray absorbing agent was started to
occur in the alignment film, it is presumed that light scat-
tering occurred to cause the lowering in the contrast. As
described above, in the liquid crystal cell in the vertical
alignment mode also, it is confirmed that by setting the
amount of introduction (ratio of introduction) of the ultra-
violet-ray absorbing agent into the alignment film at a ratio
of 0% by mass or more to less than 35% by mass, the
lowering of the VHR and contrast can be suppressed even
when exposed with the blue LED as indicated by the results
of examples 13 to 15.

Example 16

[0117] The same array substrate for the VA mode and the
same CF substrate for the VA mode using quantum dots as
those of example 13 were prepared. On these paired sub-
strates, no alignment film (polyimide-based alignment film)
of the conventional type was formed. On the inner surface
side of the array substrate, a seal member for DF in an

TABLE 5
AMOUNT OF
INTRODUCTION
(wt %) OF
ULTRAVIOLET-RAY
ABSORBING
AGENT OF 0 HOUR 1000 HOURS LATER
CHEMICAL FORMULA VHR VHR
(8) CONTRAST (%) CONTRAST (%)
COMPARATIVE 0 3500 98.6 2600 90.8
EXAMPLE 7
EXAMPLE 13 10 3500 98.8 3300 97.0
EXAMPLE 14 20 3550 99.0 3300 97.2
EXAVPLE 13 30 3200 98.9 3200 97.6
COMPARATIVE 35 2400 98.5 1900 97.7
EXAMPLE 8
[0116] Comparative example 7 showed a configuration in uncured state (ultraviolet-ray curing seal member) was

which the ultraviolet ray absorbing agent indicated by
chemical formula (8) was not introduced into the vertical
alignment film, and as shown in table 5, the VHR was
lowered down to about 90% by exposure to blue LED. This
is presumably because since light from the blue LED
contains ultraviolet rays together with blue light, the vertical
alignment film and liquid crystal layer were directly exposed
by the ultraviolet rays, degradation occurred in the vertical

drawn in a lattice shape by utilizing a dispenser. Moreover,
a negative-type liquid crystal material containing a mono-
mer to be described later was dripped at predetermined
positions on the inner surface side of the CF substrate.

[0118] The negative-type liquid crystal material contain-
ing a monomer contained a monomer having a vertical
alignment group indicated by the chemical formula (1) at a
rate of 3% by mass, a monomer indicated by the chemical
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formula (12) at a rate of 0.3% by mass and a monomer
having an ultraviolet-ray absorbing function indicated by the
following chemical formula (2-2) at a rate of 0.05% by mass.
Moreover, the Tni of the negative-type liquid crystal mate-
rial containing a monomer was adjusted to 85° C., Ag thereof
was adjusted to 3.5 and An thereof was adjusted to 0.095.
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crystal panels of examples 17 to 19 as well as comparative
example 9 were manufactured.

[0121] Blue LED Exposure Test

[0122] The same blue LED exposure test as that of the
example 3 was carried out on the respective liquid crystal
panels of examples 16 to 19 as well as comparative example
9. The results were shown in table 6.

TABLE 6
AMOUNT OF
INTRODUCTION
(wt %) OF
MONOMER OF 0 HOUR 1000 HOURS LATER
CHEMICAL FORMULA VHR VHR
(2-2) CONTRAST (%) CONTRAST (%)
COMPARATIVE 0 3400 98.8 2400 87.5
EXAMPLE 9
EXAMPLE 16 0.05 3440 98.9 2900 94.0
EXAMPLE 17 0.1 3400 98.9 3000 955
EXAMPLE 18 0.2 3150 98.5 3000 96.7
EXAMPLE 19 0.3 2750 98.1 2400 96.5
(PARTIALLY
INSOLUBLE)
[0123] The respective liquid crystal cells of examples 16

[C13]
(2-2)
OH
N
=\
N
~. 7
N
0]
e}
[0119] Thereafter, the array substrate and the CF substrate

were bonded to each other under vacuum to form a stacked
body, and by irradiating the seal member of the stacked body
with ultraviolet ray, the seal member was optically cured.
Successively, from the outside of the array substrate, the
stacked body was irradiated with a non-polarizing UV ray
under a condition of 2 J/em?® (wavelength: 365 nm) so that
vertical alignment control layers were respectively formed
on the inside of the array substrate and the inside of the CF
substrate, thereby obtaining a liquid crystal cell for the VA
mode of example 16. By affixing a polarizing plate onto the
outside of the array substrate of the liquid crystal cell, a
liquid crystal panel of example 16 was manufactured.

Examples 17 to 19, and Comparative Example 9

[0120] The same processes as those of example 16 were
carried out except that the amount of addition of an ultra-
violet ray absorbing agent indicated by the chemical formula
(2-2) was altered to values indicated by table 6 so that
respective negative-type liquid crystal materials of examples
17 10 19 as well as comparative example 9 were manufac-
tured. Moreover, the same processes as those of example 16
were carried out except that in place of the negative-type
liquid crystal material of example 16, the respective nega-
tive-type liquid crystal materials of examples 17 to 19 as
well as comparative example 9 were used so that liquid

to 19 as well as comparative example 9 had no vertical
alignment film of the conventional type, and vertical align-
ment control of liquid crystal molecules was carried out by
using only the vertical alignment control layer made of a
film formed by polymerization of a monomer. Comparative
example 9 showed a configuration in which a monomer
having an ultraviolet-ray absorbing function indicated by the
chemical formula (2-2) was not contained in the negative-
type liquid crystal material (that is, a component derived
from a monomer having the ultraviolet-ray absorbing func-
tion was not contained in the vertical alignment control
layer). In this comparative example 9, the VHR was lowered
down to less than 90% by exposure by the blue LED.
Moreover, as shown in Table 6, as the concentration of the
monomer having the ultraviolet-ray absorbing function
increased, the degradation of the VHR after exposure by the
blue LED was suppressed (see examples 16 to 18). How-
ever, in example 19, the monomer having the ultraviolet-ray
absorbing function was not completely dissolved in the
negative-type liquid crystal material. For this reason, even
when the amount of the monomer to be added to the
negative-type liquid crystal material was set to 0.2% by
mass or more, further improvements of the VHR after
exposure by the blue LED were not recognized. As
described above, it is confirmed that even in the case of the
vertical alignment mode, by introducing a monomer having
an ultraviolet-ray absorbing function indicated by the afore-
mentioned chemical formula (2-2) into the vertical align-
ment control layer, the degradation of the VHR and contrast
can be made smaller even after the exposure by the blue
LED.

1. A liquid crystal cell comprising:

a color filter substrate including a color conversion layer
for converting color of light but not include an align-
ment film having polyamic acid or polyamide;

an array substrate opposed to the color filter substrate
disposed such that the color conversion layer is on an
inner side;
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a liquid crystal layer interposed between the color filter
substrate and the array substrate, the liquid crystal layer
including liquid crystal molecules; and

two alignment control layers formed on an inner surface
of the color filter substrate and an inner surface of the
array substrate, respectively, the alignment control lay-
ers contacting the liquid crystal layer and being made
of reactants of radical polymerizable monomers added
to aliquid crystal material for forming the liquid crystal
layer to control orientations of the liquid crystal mol-
ecules, the radical polymerizable monomers including
radical polymerizable monomers having ultraviolet-ray
absorbing functional groups.

2. The liquid crystal cell according to claim 1, wherein

the color conversion layer includes a red conversion layer
containing quantum dots for converting blue light to
red light and a green conversion layer containing
quantum dots for converting blue light to green light,
and

the color filter substrate includes not only the red con-
version layer and the green conversion layer but also a
transparent layer for transmitting blue light without
conversion.

3. The liquid crystal cell according to claim 1, wherein the
array substrate includes an alignment film disposed below
the alignment control layer, the alignment film containing
polyamic acid or polyimide.

4. The liquid crystal cell according to claim 3, wherein the
alignment film includes a light aligning functional group.

5. The liquid crystal cell according to claim 3, wherein the
alignment film includes a vertical aligning functional group.

6. The liquid crystal cell according to claim 3, wherein the
alignment film includes an ultraviolet-ray absorbing agent.

7. The liquid crystal cell according to claim 6, wherein the
ultraviolet-ray absorbing agent is a benzotriazole-based
compound.

8. The liquid crystal cell according to claim 1, wherein the
radical polymerizable monomer includes a radical polym-
erizable monomer having a horizontal aligning functional
group or a vertical aligning functional group.

9. The liquid crystal cell according to claim 8, wherein the
horizontal aligning light functional group is a functional
group having a chalcone group or an azobenzene group.

10. The liquid crystal cell according to claim 8, wherein
the radical polymerizable monomer having the vertical
aligning functional group is made of a compound expressed
by chemical formula (1) provided below:
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[c1]
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F F

[CH,=CHCOO(CH,)g],CHCOO(CH,) 40 O O

11. The liquid crystal cell according to claim 1, wherein
the radical polymerizable monomer having the ultraviolet-
ray absorbing functional group is a radical polymerizable
group having a benzotriazole group.

12. The liquid crystal cell according to claim 11, wherein
the radical polymerizable monomer having the benzotriaz-
ole group is made of compounds expressed by chemical
formulas (2-1) and (2-2) provided below:

oH
N
=\
@N
~./
N
(0]
(6]
OH
N
=\
N
@Z/
N
(¢)

13. The liquid crystal cell according to claim 1, wherein

the color filter substrate includes a transparent support
substrate, the color conversion layer disposed on the
support substrate, and a polarizing layer disposed on
the color conversion layer, and

the liquid crystal cell further comprises a polarizing plate
disposed on outer than the array substrate and used as
a pair with the polarizing layer.

14. A liquid crystal display device comprising:

the liquid crystal cell according to claim 1; and

a backlight device including a light source configured to
emit blue light for supplying the blue light to the liquid
crystal cell.

[€2]
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