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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 in which a polymer layer is
formed on an alignment film to enhance the alignment-con-
trol capability of liquid crystals.

BACKGROUND ART

[0002] Liquidcrystaldisplay devices, having advantages in
the thin profile, light weight, and low power consumption, are
widely used as display devices such as televisions, personal
computers, and PDAs. Particularly in recent years, liquid
crystal display devices have been rapidly increased in size as
seen in liquid crystal display devices for televisions.

[0003] Pretilt angle imparting technology using a polymer
(hereinafter, also referred to as a PSA (Polymer Sustained
Alignment: alignment maintaining) layer) to achieve high
luminance and high-speed response has been drawing atten-
tion recently (see, for example, Patent Literatures 1, 2). Inthe
PSA technology, a liquid crystal composition prepared by
mixing liquid crystals with polymerizable components such
as monomers and oligomers is sealed between substrates.
Then, the polymerizable components are polymerized into a
polymer while a voltage is applied between the substrates to
tilt liquid crystal molecules. Thereby, the liquid crystals have
the prescribed pretilt angles even after elimination of applied
voltage, and thus the alignment direction of the liquid crystals
may be defined. The polymerizable components are polymer-
ized by irradiation with heat or light (ultraviolet rays). The
PSA technology may achieve high-speed response without
reducing an aperture ratio.

CITATION LIST

Patent Literature

Patent Literature 1: JP 2004-286984 A
Patent Literature 2: JP 2006-78968 A

[0004]
[0005]

SUMMARY OF INVENTION

Technical Problem

[0006] However, the present inventors conducted investi-
gations and found that even though known PSA technology
can form a polymer layer for maintaining the alignment-
control capability on an alignment film by injecting a liquid
crystal layer composition that contains a liquid crystal mate-
rial, a polymerizable monomer, and a polymerization initiator
between a pair of substrates, and causing a polymerization
reaction under determined conditions, it may deteriorate the
display quality. Specifically, it may cause display unevenness
and image sticking after long-time display of a same pattern.
[0007] Ultraviolet rays irradiation is typically employed to
polymerize monomers in a liquid crystal layer. Long-time
ultraviolet rays irradiation, however, tends to deteriorate
structures constituting a liquid crystal display device, and
thereby tends to lower the display quality. Among the struc-
tures, easily deteriorated are alignment films and dielectric
protrusions that control the alignment of liquid crystals and
interlayer insulation films that isolate wirings, electrodes, and
the like because both of the alignment films and the interlayer
insulation films often contain organic insulating materials.
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[0008] Meanwhile, short-time ultraviolet rays irradiation
for avoiding the deterioration causes unpolymerized mono-
mers to remain in a liquid crystal layer, which causes quality
deterioration such as image sticking. Thus, it is necessary to
investigate a method of proceeding polymerization by short-
time ultraviolet rays irradiation. Effective examples of this
include adding a polymerization initiator represented by the
following chemical formula (9).

[Chem. 1]
®
CH;
0o 0
T
]
CH;
[0009] Such a polymerization initiator, however, hardly

achieves 100% reaction efficiency. According to the investi-
gations by the present inventors, electrically charged sub-
stances (e.g. ions, radical generators) remain after a PSA
polymerization step, which presumably deteriorates the dis-
play quality. Specifically, substances such as unreacted
monomers and polymerization initiators still remain in a lig-
uid crystal layer even after a series of polymerization reac-
tions. If unreacted monomers and polymerization initiators,
which are easily charged, remain in a liquid crystal layer,
charge transfers to other substances easily occur to generate
ionic impurities in the following production steps or in typical
use. This easily causes display unevenness and image stick-
ing.

[0010] The present invention has been made under the cur-
rent situation and aims to provide a liquid crystal display
device reducing display unevenness and image sticking even
though employing a PSA polymerization step in which
monomers are added to a liquid crystal layer.

Solution to Problem

[0011] The present inventors conducted various investiga-
tions and focused on the components in a liquid crystal layer
after polymerization reaction. They found that using a mono-
mer that can serve as an initiator as a monomer for a PSA
polymerization step may prevent residual unreacted mono-
mers and polymerization initiators in a liquid crystal layer
even by short-time ultraviolet rays irradiation, and may
reduce deterioration of the components containing organic
insulating materials. This can impressively solve the above
problems, and thereby completing the present invention.

[0012] That is, an aspect of the present invention is a liquid
crystal display device, including: a pair of substrates, at least
one of the pair of substrates including an alignment film and
a structure consisting of an organic insulating material, a
polymer layer that is formed on the alignment film to control
the alignment of liquid crystal molecules, and a liquid crystal
layer containing a liquid crystal material, the liquid crystal
layer being placed between the pair of substrates, wherein the
polymer layer is formed by polymerization of one or more
kinds of radical polymerizable monomers contained in the
liquid crystal layer, and at least one kind of the radical poly-
merizable monomers is a compound including a structure
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which generates radicals through self-cleavage reaction by
light irradiation and two or more radical polymerizable
groups.

[0013] One of the pair of substrates is used as an array
substrate, and the other is used as a color filter substrate, for
example. The array substrate includes a plurality of pixel
electrodes, and thereby individually controlling the align-
ment of liquid crystals in each pixel. The color filter substrate
includes color filters with a plurality of colors, arranged to be
superimposed with respective pixel electrodes on the array
substrate. This enables individually controlling display color
in each pixel.

[0014] At least one of the pair of substrates includes a
structure consisting of an organic insulating material. The
structure consisting of an organic insulating material means a
structure including an organic compound with insulation
properties as a material. The shape of the structure is not
particularly limited and may be a film, a protrusion, or other
shapes. Specific examples include a dielectric protrusion to
control the alignment of the liquid crystal molecules that are
adjacent to the dielectric protrusion, and an interlayer insula-
tion film formed between a supporting substrate (e.g. glass
substrate) and the alignment film. The structure consisting of
an organic insulating material is photoreactive. Thus, it is
deteriorated by ultraviolet rays irradiation in forming a poly-
mer layer mentioned below, and may cause display uneven-
ness and image sticking.

[0015] Atleast one of the pair of substrates further includes
analignment film. The alignment film of the present invention
may be or may not be subjected to alignment treatment. If
alignment treatment is performed, examples of the method
thereof include rubbing treatment and photo-alignment treat-
ment. The alignment film contains, as a main component, a
polymer compound such as polyimide, polyamic acid, polya-
mide, or polysiloxane. If the alignment film is a photo-align-
ment film, preferable examples of a photo-alignment film
material include a polymer compound that contains a photo-
reactive functional group such as a cinnamate group, a chal-
cone group, a coumarin group, a tran group, a stilbene group,
or an azobenzene group.

[0016] At least one of the pair of substrates includes a
polymer layer that is formed on the alignment film and con-
trols the alignment of liquid crystal molecules. The polymer
layer is formed by polymerization of one or more kinds of
radical polymerizable monomers contained in a liquid crystal
layer. Forming the polymer layer may allow liquid crystal
molecules adjacent to the alignment film and the polymer
layer to have determined initial inclinations even if the align-
ment film has not undergone an alignment treatment. In addi-
tion, if the polymer layer is formed by polymerizing mono-
mers in the state that liquid crystal molecules have pretilt
angles, for example, the polymer layer includes a structure
allowing the liquid crystal molecules to have pretilt angles.

[0017] The liquid crystal material may have a positive
anisotropy of dielectric constant or a negative amsotropy of
dielectric constant. If a liquid crystal material with a negative
anisotropy of dielectric constant is used and a polymer layer
is formed to allow the liquid crystal molecules adjacent to the
polymer layer to have vertical alignment, a liquid crystal
display device of vertical alignment (VA) mode (MVA mode,
fish bone PSA mode) with a high contrast ratio may be
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obtained. If a liquid crystal material with a positive anisotropy
of dielectric constant isused, a liquid crystal display device of
IPS mode, FFS mode, or TN mode may be obtained.

[0018] At least one kind of the radical polymerizable
monomers is a compound including a structure which may
generate radicals through self-cleavage reaction by light irra-
diation and two or more radical polymerizable groups. Using
such a monomer enables short-time polymerization reaction
without adding a polymerization initiator and causes no
impurities derived from the polymerization initiator. This
may prevent a decrease in a voltage holding ratio (VHR) in
the liquid crystal layer, reducing deterioration of display
quality. Using such a monomer also enables short-time light
irradiation, which may prevent deterioration of components,
enabling production ofa reliable liquid crystal display device.
[0019] Configuration of the liquid crystal display device of
the present invention is not particularly limited by other com-
ponents as long as the components mentioned above are
essentially included, and may further include, for example,
peripheral circuits such as backlight unit and driver.

[0020] Preferred aspects of the liquid crystal display device
of the present invention are specifically described in the fol-
lowing. Two or more of the preferred aspects shown in the
following may be combined to serve as another preferred
aspect of the liquid crystal display device of the present
invention.

[0021] Examples of the radical polymerizable group
include a (meth)acryloyloxy group, a (meth)acryloyl amino
group, avinyl group, and a vinyloxy group. A (meth)acryloy-
loxy group herein means an acryloyloxy group or amethacry-
loyloxy group, and a (meth)acryloyl amino group herein
means an acryloyl amino group or a methacryloyl amino
group.

[0022] At least one radical polymerizable monomer,
including the structure which may generate radicals through
self-cleavage reaction by light irradiation, preferably gener-
ates radicals by irradiation with light having a wavelength of
350 nm or longer. The radical polymerizable monomer,
including the structure which may generate radicals through
self-cleavage reaction by light irradiation, preferably gener-
ates radicals by irradiation with light having a wavelength of
shorter than 400 nm. Irradiation with light having a wave-
length of 350 nm or shorter may deteriorate structures in a
panel to deteriorate the properties as a display. Thus, a self-
cleavage photopolymerization initiator to which the polymer-
izing group is bonded preferably includes a structure which
may generate radicals through self-cleavage reaction that is
efficiently caused by irradiation with light having a wave-
length of 350 nm or longer. Meanwhile, if the radical poly-
merizable monomer absorbs light with a 400 nm or longer
wavelength, uncleaved photopolymerization initiator which
is phase separated by polymerization will react in response to
light irradiated by a backlight (cold cathode fluorescent tube
or LED) for a display in normal use during operation of the
display, which may reduce long-term reliability. Thus, the
above compound is preferably a compound in which the
polymerizing group is bonded to a photopolymerizable com-
pound shows no or sufficiently low absorption of light at 400
nm or longer. This enables production of a liquid crystal
display device with long-term high reliability.

[0023] The radical polymerizable monomer, for example,
includes a structure in which polymerizing groups are bonded
to aself-cleavage photopolymerization initiator that may gen-
erate radicals through self-cleavage reaction by light irradia-
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tion. Specific examples of the radical polymerizable mono-
mer include monomers with a structure in which
polymerizing groups or polymerizing group-containing func-
tional groups are bonded to the molecular framework of a
self-cleavage photopolymerization initiator such as 2,2-
dimethoxy-1,2-diphenyl ethane-1-one (product name:
IRGACURE 651), 1-hydroxy-cyclohexyl-phenyl-ketone
(product name: IRGACURE 184), 2-hydroxy-2-methyl-1-
phenyl-propane-1-one (product name: IRGACURE 1173),
1-[4-(2-hydroxy  ethoxy)-phenyl]-2-hydroxy-2-methyl-1-
propane-1-one (product name: IRGACURE 2959), 2-hy-
droxy-1-{4-[4-(2-hydroxy-2-methyl-propionyl)-benzyl]-
phenyl}-2-methyl-propane-1-one (product name:
IRGACURE 127), phenylglyoxylic acid methyl ester (prod-
uct name: DAROCURMBF), 2-methyl-1-[4-(methylthio)
phenyl]-2-morpholino propane-1-one (product name: IRGA-
CURE 907), 2-benzyl-2-dimethylamino-1-(4-morpholino
phenyl)-butanone-1 (product name: IRGACURE 369),
2-dimethylamino-2-(4-methyl-benzyl)-1-(4-morpholine-4-
yl-phenyl)-butane-1-one (product name: IRGACURE 379),
bis (2,4,6-trimethyl benzoyl)-phenylphosphine oxide (prod-
uct name: IRGACURE 819), 2.4,6-trimethyl benzoyl-diphe-
nyl-phosphine oxide (product name: DAROCURTPO), bis
(1°-2,4-cyclopentadiene-1-yl)-bis (2,6-difluoro-3-(1H-
pyrrole-1-yl)-phenyljtitanium (product name: IRGACURE
784), 1,2-octanedione, 1-[4-(phenylthio)-, 2-(O-benzoy-
loxime)] (product name: IRGACUREOXE 01), ethanone,
1-[9-ethyl-6-(2-methyl benzoyl)-9H-carbazole-3-yl]-, 1-(O-
acetyloxime) (product name: IRGACUREOXE 02), or 2-eth-
ylhexyl-4-dimethylaminobenzoate (product name: DARO-
CUREHA).

[0024] The radical polymerizable monomer including a
structure which generates radicals through self-cleavage
reaction by light irradiation and two or more radical polymer-
izable groups is, in terms of drive conditions of the liquid
crystal display device, preferably a self-cleavage photopoly-
merization initiator having an extinction coefficient of 20
ml/g-cm or less for light having a wavelength of 400 nm or
longer. Specific examples of the radical polymerizable mono-
mer include self-cleavage photopolymerization initiators
with a structure in which polymerizing groups or polymeriz-
ing group-containing functional groups are bonded to the
molecular framework of 2,2-dimethoxy-1,2-diphenyl ethane-
1-one (product name: IRGACURE 651), 1-hydroxy-cyclo-
hexyl-phenyl-ketone (product name: IRGACURE 184),
2-hydroxy-2-methyl-1-phenyl-propane-1-one (product
name: IRGACURE 1173), 1-[4-(2-hydroxy ethoxy)-phenyl]-
2-hydroxy-2-methyl-1-propane-1-one  (product  name:
IRGACURE 2959), 2-hydroxy-1-{4-[4-(2-hydroxy-2-me-
thyl-propionyl)-benzyl]-phenyl}-2-methyl-propane-1-one
(product name: IRGACURE 127), phenylglyoxylic acid
methyl ester (product name: DAROCURMBEF), 2-methyl-1-
[4-(methylthio)phenyl]-2-morpholino propane-1-one (prod-
uct name: IRGACURE 907), ethanone, 1-[9-ethyl-6-(2-me-
thyl  benzoyl)-9H-carbazole-3-yl]-,  1-(0-acetyloxime)
(product name: IRGACUREOXE 02), or 2-ethylhexyl-4-
dimethylaminobenzoate (product name: DAROCUREHA).

[0025] Examples of the compound including a structure
which may generate radicals through self-cleavage reaction
by light irradiation and two or more radical polymerizable
groups include compounds represented by the following
chemical formula (1):
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[Chem. 2]

@

wherein

R* represents a C1-C4 linear or branched alkyl or alkenyl
group, or Sp>-P3;

R? represents a C1-C4 linear or branched alkyl or alkenyl
group, or Sp*-P*;

P!, P2, P3, and P* represent the same or different radical
polymerizable groups, and the total number of the radical
polymerizable groups is two or more:

Sp* represents a C1-C6 linear, branched, or cyclic alkylene,
alkyleneoxy, or alkylene carbonyloxy group, or a direct bond,
and whenm' is 2 or more, the Sp's are the same as or different
from each other;

Sp? represents a C1-C6 linear, branched, or cyclic alkylene,
alkyleneoxy, or alkylene carbonyloxy group, or a direct bond,
and when m? is 2 or more, the Sp?s are the same as or different
from each other;

Sp® represents a C1-C6 linear, branched, or cyclic alkylene,
alkyleneoxy, or alkylene carbonyloxy group;

Sp* represents a C1-C6 linear, branched, or cyclic alkylene,
alkyleneoxy, or alkylene carbonyloxy group;

L! represents a—F group, a—OH group, or a C1-C12 alkyl,
alkenyl, or aralkyl group, the alkyl or alkenyl group may be
linear or branched, and when n' is 2 or more, the L's are the
same as or different from each other;

when two L's are independently bonded to respective two
adjacent carbon atoms in an aromatic ring, the two L's may be
bonded to each other to form a cyclic structure, and the two
L's are the same as or different from each other, each repre-
senting a C1-C12 linear or branched alkylene or alkenylene
group;

1.2 represents a—F group, a—OH group, or a C1-C12 alkyl,
alkenyl, or aralkyl group, the alkyl or alkenyl group may be
linear or branched, and when n? is 2 or more, the [%s are the
same as or different from each other;

when two [.%s are independently bonded to respective two
adjacent carbon atoms in an aromatic ring, the two L*s may be
bonded to each other to form a cyclic structure, and the two
L3s are the same as or different from each other, each repre-
senting a C1-C12 linear or branched alkylene or alkenylene
group;

one or more hydrogen atoms on the alkyl, alkenyl, alkylene,
alkenylene, or aralkyl group in L' and L* may be substituted
with a—F group or a—OH group;

one or more —CH,— groups of the alkyl, alkenyl, alkylene,
alkenylene, or aralkyl group in L' and 1.? may be indepen-
dently substituted with a —O— group, a —S— group, a
—NH— group, a —CO— group, a —COO— group, a
—O0CO— group, a —O0—COO— group, a —OCH,—
group, a—CH,O— group, a —SCH,— group, a —CH,S—
group, a —N(CH;)— group, a —N(C,Hs)}— group, a
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—N(C,H,)— group, a —N(C,Hy)— group, a —CF,0—
group, a —OCF,— group, a —CF,S— group, a —SCF,—
group, a —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, a
—OCO—CH=CH— group, a Sp'-P* group, or a Sp*-P*
group as long as oxygen, sulfur, and nitrogen atoms are not
adjacent to each other;

m* is an integer of 1 to 3;

m” is an integer of 0 to 3;

n' is an integer of 0 to 4;

n? is an integer of 0 to 4;

the total of m* and n* is an integer of 1 to 3;

the total of m* and n® is an integer of 0 to 5; and

the total of m" and m? is an integer of 1 to 6.

[0026] In other words, another aspect of the present inven-
tion is a liquid crystal display device including: a pair of
substrates, at least one of the pair of substrates including an
alignment film and a structure consisting of an organic insu-
lating material, a polymer layer that is formed on the align-
ment film to control the alignment of liquid crystal molecules,
and a liquid crystal layer containing a liquid crystal material,
the liquid crystal layer being placed between the pair of
substrates, wherein the polymer layer is formed by polymer-
ization of one or more kinds of radical polymerizable mono-
mers contained in the liquid crystal layer, and at least one kind
of the radical polymerizable monomers is a compound rep-
resented by the chemical formula (1).

[0027] TheP' and P preferably represent the same or dif-
ferent (meth)acryloyloxy groups.

[0028] Specific examples of the compound represented by
the chemical formula (1) include compounds represented by
the following chemical formula (2):

[Chem. 3]
@

A \

pl—-gp! RY

wherein

R® represents a C1-C4 linear or branched alkyl or alkenyl
group;

R* represents a C1-C4 linear or branched alkyl or alkenyl
group;

P! and P? represent the same or different radical polymeriz-
able groups;

Sp' represents a C1-C6 linear, branched, or cyclic alkylene,
alkyleneoxy, or alkylene carbonyloxy group, or a direct bond,
and

Sp* represents a C1-C6 linear, branched, or cyclic alkylene,
alkyleneoxy, or alkylene carbonyloxy group, or a direct bond.
[0029] Specific examples of the compound represented by
the chemical formula (2) include compounds represented by
the following chemical formula (3):
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[Chem. 4]

RS

wherein R* and R® are the same as or different from each
other, each representing a hydrogen atom or a methyl group.
[0030] Thecompounds represented by the chemical formu-
lae (1) to (3) include structures of (1) generating radicals by
irradiation with light having a wavelength of 350 nm or
longer, (i1) generating radicals by irradiation with light having
a wavelength of shorter than 400 nm, and (iii) having an
extinction coefficient of 20 ml/g-cm or less for light having a
wavelength of 400 nm or longer.

[0031] The polymer layer is formed by polymerization of
further one or more kinds of radical polymerizable monomers
including a ring structure and a monofunctional or polyfunc-
tional polymerizable group. Examples of the further one or
more kinds of radical polymerizable monomers including a
ring structure and a monofunctional or polyfunctional poly-
merizable group are preferably a compound represented by
the following chemical formula (4):

P3-Sp>-REA-(Z-A%),-R7 4

wherein

R” represents a —R®—Sp’-P> group, a hydrogen atom, a
halogen atom, a —CN group, a —NO, group, a —NCO
group, a —NCS group, a —OCN group, a —SCN group, a
—SF group, or a C1-C18 linear or branched alkyl group;
P? represents a radical polymerizable group;

Sp’ represents a C1-C6 linear, branched, or cyclic alkylene or
alkyleneoxy group, or a direct bond;

ahydrogen atom in R” may be substituted with a fluorine or a
chlorine atom;

a —CH,— group in R” may be substituted with a —O—
group, a—S— group, a —NH— group, a —CO— group, a
—COO— group, a —OCO— group, a—0O—COO— group,
a—OCH,— group, a—CH,O— group, a—SCH,— group,
a —CH,S— group, a —N(CH;)— group, a —N(C,H,)—
group, a —N(C,H,)— group, a —N(C,H,)— group, a
—CF,0— group, a —OCF,— group, a —CF,S— group, a
—SCF,— group, a —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
a —OCO—CH=—CH— group as long as oxygen and sulfur
atoms are not adjacent to each other;

R® represents a —O— group, a —S— group, a —NH—
group, a —CO— group, a —COO— group, a —OCO—
group, a —O—COO— group, a —OCH,— group, a
—CH,0— group, a —SCH,— group, a —CH,S— group, a
—N(CH,;)— group, a —N(C,H;)— group, a —N(C;H,)—
group, a —N(C,Hy)— group, a —CF,0— group, a
—OCF,— group, a—CF,S— group, a —SCF,— group, a
—N(CF;)— group, a —CH,CH,— group, a —CF,CH,—
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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, a —OCO—
CH=—CH— group, or a direct bond;

A and A? are the same as or different from each other, each
representing a 1,2-phenylene group, a 1,3-phenylene group, a
1,4-phenylene group, a naphthalene-1,4-diyl group, a naph-
thalene-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-diyl1 group,
aphenanthrene-3,6-diyl group, an anthracene-1,5-divl group,
an anthracene-1,8-diyl group, an anthracene-2,6-diyl group,
or an anthracene-2,7-diyl group;

a—CH,— group in A’ and A* may be, unless they are adja-
cent to each other, substituted with a—O— group ora —S—
group; one or more hydrogen atoms in A* and A each may be
substituted with a fluorine atom, a chlorine atom, a —CN
group, or a C1-C6 alkyl, alkoxy, alkyl carbonyl, alkoxy car-
bonyl, or alkyl carbonyloxy group;

Z represents a—O— group, a—S— group, a—NH— group,
a —CO— group, a —COO— group, a —OCO— group, a
—O0—CO0— group, a —OCH,— group, a —CH,O0—
group, a —SCH,— group, a —CH,S— group, a
—N(CH;)— group, a —N(C,H;)— group, a —N(C,H,)—
group, a —N(C,Hg)— group, a —CF,0O— group, a
—OCF,— group, a —CF,S— group, a —SCF,— group, a
—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, a —OCO—
CH—CH— group, or a direct bond; and

nis0, 1,o0r 2.

[0032] Specific examples of the compound represented by
the chemical formula (4) include compounds represented by
the following chemical formulae (5-1) to (5-5):

[Chem. 6]
(5-1
S 5-2)
P
PS
(5-3)
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-continued
S S 5-4)
P P

(5-5)
PS

PS

wherein P%s are the same as or different from each other, each
representing a radical polymerizable group.

[0033] The Ps preferably are the same or different (meth)
acryloyloxy groups.

[0034] The further one or more kinds of radical polymer-
izable monomers including a ring structure and a monofunc-
tional or polyfunctional polymerizable group in the liquid
crystal layer have a residual concentration after forming the
polymer layer of preferably 0.05 wt % or lower of the whole
composition constituting the liquid crystal layer. This enables
sufficient reduction of image sticking.

[0035] At least one of the pair of substrates may include a
first electrode and a second electrode, and at least one of the
first electrode and the second electrode may be provided with
slits. The slits may provide the alignment properties of a
multi-domain mode under an applied voltage. The smallest
portion of the slits has a width of preferably 2 um or greater.
Such a condition is preferred to provide sufficient effects of
the slits.

[0036] The liquid crystal display device preferably further
includes a pair of polarizing plates disposed in a cross-nicol
state. The slits formed in at least one of the first electrode and
the second electrode are preferably provided with a cross-
shaped trunk part and branch parts, the branch parts each
extending in a direction of about 45° relative to the trunk part.
Polarization axes of the pair of polarizing plates each prefer-
ably overlap with the cross-shaped trunk part. This may pro-
vide a configuration with efficient transmittance and good
viewing angle characteristic.

[0037] The liquid crystal display device preferably further
includes a pair of polarizing plates disposed in a cross-nicol
state. At least one of the first electrode and the second elec-
trode is preferably provided with a cross-shaped trunk part
and branch parts, the branch parts each extending in a direc-
tion of about 45° relative to the trunk part. Polarization axes of
the pair of polarizing plates each preferably overlap with the
cross-shaped trunk part. This may provide a configuration
with efficient transmittance and good viewing angle charac-
teristic.

[0038] Examples of the structure consisting of an organic
insulating material include color filters. Color filters enable
color display and typically contain organic insulating mate-
rials. The present invention may prevent deterioration of color
filters.

[0039] The alignment film is preferably a photo-alignment
film formed by irradiating a photo-alignment film material
with light. This may separate a liquid crystal into multiple
domains without other components such as dielectric protru-
sions, and may prevent a decrease in the transmittance.



US 2014/0139794 Al

[0040] Examples of the structure consisting of an organic
insulating material include a sealing structure made of a pho-
tocurable resin, which seals a liquid crystal layer between the
pair of substrates. Although the sealing structure may be
made of a heat curable resin, a sealing structure made of a
photocurable resin is better because sealing process may be
performed at normal temperature and requires no treatment
on the whole panel. Such a sealing structure typically con-
tains an organic insulating material. The present invention
may prevent deterioration of such a sealing structure.

[0041] At least one of the pair of substrates may include, as
the structure consisting of an organic insulating material, a
dielectric protrusion to control the alignment of the liquid
crystal molecules that are adjacent to the dielectric protru-
sion. The dielectric protrusion may provide the alignment
property of a multi-domain mode under an applied voltage.
The present invention requires a suppressed amount of ultra-
violet rays irradiation and thus causes no problem even when
using such an organic material.

[0042] Examples of the structure consisting of an organic
insulating material include an interlayer insulation film
formed between a supporting substrate and the alignment
film. The interlayer insulation film typically contains an
organic photosensitive material such as a positive resist or
negative resist. The present invention requires a suppressed
amount of ultraviolet rays irradiation and thus causes no
problem even when using such an organic material.

Advantageous Effects of Invention

[0043] The liquid crystal display device of the present
invention contains a polymer layer providing the effects of
alignment stability, and thereby can prevent defects such as
display unevenness and image sticking.

BRIEF DESCRIPTION OF DRAWINGS

[0044] FIG.1isaschematic cross-sectional view of aliquid
crystal display device according to Embodiment 1 aftera PSA
polymerization step.

[0045] FIG.2isaschematic cross-sectional view of aliquid
crystal display device with the same configuration as in
Embodiment 1, showing the state of impurities being eluted
from a structure consisting of an organic material by long-
time ultraviolet rays irradiation.

[0046] FIG. 3 is a schematic plan view of the liquid crystal
display device according to Embodiment 1.

[0047] FIG.41isaschematic cross-sectional view of aliquid
crystal display device according to Embodiment 2 aftera PSA
polymerization step.

[0048] FIG. 5 is a schematic plan view of a liquid crystal
display device according to Embodiment 3, in which a pixel
electrode is formed to include a cross-shaped trunk part.
[0049] FIG. 6 is a schematic plan view of another liquid
crystal display device according to Embodiment 3, in which
slits are formed to include a cross-shaped trunk part.

DESCRIPTION OF EMBODIMENTS

[0050] The present invention will be mentioned in more
detail referring to the drawings in the following embodi-
ments, but is not limited to these embodiments.

[0051] The liquid crystal display device of the present
invention may be used for display devices such as televisions,
personal computers, mobile phones, digital signage, and
information displays to exert excellent display properties.
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Embodiment 1

[0052] FIG. 1is aschematic cross-sectional view of a liquid
crystal display device according to Embodiment 1 aftera PSA
polymerization step. As shown in FIG. 1, the liquid crystal
display device according to Embodiment 1 includes a color
filter substrate (first substrate) 11, an array substrate (second
substrate) 21, and a liquid crystal layer 31 placed between a
pair of substrates consisting of the color filter substrate 11 and
array substrate 21.

[0053] The color filter substrate 11 includes an insulating
transparent substrate (supporting substrate) 12 including a
substance such as glass as a material. The color filter substrate
11 includes color filters, black matrix, a common electrode
(second electrode) 13, and an alignment film 14 on the trans-
parent substrate 12. The common electrode 13 is formed on
the whole transparent substrate 12 regardless of the size of
pixels.

[0054] The array substrate 21 includes an insulating trans-
parent substrate (supporting substrate) 22 including a sub-
stance such as glass as a material. The array substrate 21
includes various wirings, a pixel electrode 23, TFTs (thin film
transistors), and an alignment film 24 on the transparent sub-
strate 22. As shown in FIG. 1, between the transparent sub-
strate 22 and the pixel electrode 23, an interlayer insulation
film 26 that consists of an organic insulating material is
formed to electrically isolate the components such as the
various wirings, the pixel electrode (first electrode), and the
TFTs. The pixel electrode 23 is divided into a plurality of
pieces according to the size of a pixel. The interlayer insula-
tion film 26 is a structure that consists of an organic insulating
material.

[0055] The alignment films 14 and 24 mainly contain a
polymer compound such as polyimide, polyamic acid, poly
amide, or polysiloxane.

[0056] As shown in FIG. 1, a dielectric protrusion (rib) 17
is formed in the color filter substrate 11, as a structure for
controlling the alignment of liquid crystal molecules adjacent
to the dielectric protrusion. Such a rib 17 may be formed by
patterning by a photolithography method. Examples of the
material for the rib 17 include photosensitive acrylic resins. In
other words, the rib 17 is also a structure consisting of an
organic insulating material of the present invention. The rib
17 is a component stretched in one direction to have a wall
shape (alinear shape in a plan view) and may partially include
one or more bends and branched sections. Forming such a
structure for alignment control provides a multi-domain
structure in which a liquid crystal layer is divided into mul-
tiple domains, whereby improving the viewing angle charac-
teristic.

[0057] Before a polymerization step, the liquid crystal
layer 31 contains a liquid crystal material and one or more
kinds of radical polymerizable monomers. The liquid crystal
material may have a positive anisotropy of dielectric constant
or a negative anisotropy of dielectric constant. At least one
kind of the radical polymerizable monomers is a compound
including a structure which may generate radicals through
self-cleavage reaction by light irradiation and two or more
radical polymerizable groups.

[0058] The at least one kind of the radical polymerizable
monomers generates radicals by self-cleavage reaction by
irradiating the liquid crystal layer 31 with light, and thereby
these radicals as active species successively initiate and pro-
ceed chain polymerization of the radical polymerizable
groups of the radical polymerizable monomers. The formed
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polymer by the polymerization is phase separated to precipi-
tate as polymer layers 15 and 25 on the substrate surfaces as
shown in FIG. 1.

[0059] The one or more kinds of radical polymerizable
monomers used in Embodiment 1 absorb light and generate
radicals to initiate chain polymerization by themselves, and
thus no further polymerization initiator is required. This poly-
metrization initiator, which includes two or more functional
groups, functions as a monomer to be polymerized, whereby
greatly reducing the residual amount of the polymerization
initiator in the liquid crystal layer 31.

[0060] In Embodiment 1, the rib 17 is formed in the color
filter substrate 11. Thus, if the liquid crystal layer 31 is irra-
diated with light under a threshold or higher voltage during a
PSA polymerization step, for example, the polymer layers 15
and 25 have a form allowing liquid crystal molecules to be
aligned along withliquid crystal molecules tilted under a state
with a threshold or higher voltage. As a result, the polymer
layers 15 and 25 have a form separating the liquid crystal
molecules into multiple domains with different initial pretilt
angles even under no applied voltage.

[0061] Between the color filter substrate 11 and array sub-
strate 21, a sealing agent is directly attached to the substrates
11 and 21 along their outer edges and thus seals the liquid
crystal layer 31 therebetween. The sealing agent may be heat
curable or photocurable, and is preferably a photocurable
resin.

[0062] Examples of the monomer used in Embodiment 1,
which generates radicals through self-cleavage by light irra-
diation, include a compound represented by the chemical
formula (1), more specifically, a compound represented by
the chemical formula (2) as the compound represented by the
chemical formula (1), and still more specifically, a compound
represented by the chemical formula (3) as the compound
represented by the chemical formula (2).

[0063] Thecompound represented by the chemical formula
(1) includes a structure which generates radicals by self-
cleavage, and thus no further polymerization initiator is
needed when the compound is mixed with a liquid crystal
material, whereby enabling to efficiently initiate polymeriza-
tion reaction only by light irradiation. Even if easily charged
impurities that are presumably derived from polymerization
initiators are generated, the polymerizing groups bonded to
the compound form a polymer layer to cause phase separa-
tion, whereby reducing image sticking further than a polymer
layer formed by a known polymerization initiator (e.g. a
compound represented by the chemical formula (9)).

[0064] In Embodiment 1, the liquid crystal composition
may contain other monomers. Examples of the other mono-
mers include the compounds represented by the chemical
formula (4), and more specifically, bifunctional monomers
represented by the chemical formulae (5-1) to (5-5) as the
compounds represented by the chemical formula (4).

[0065] The liquid crystal layer preferably has a residual
concentration of the other monomers after forming a polymer
layer of 0.05 wt % or lower of the whole composition consti-
tuting the liquid crystal layer. This may greatly prevent
defects such as display unevenness and image sticking.
[0066] FIG.2isaschematic cross-sectional view of aliquid
crystal display device with the same configuration as in
Embodiment 1, showing the state of impurities being eluted
from a structure consisting of an organic material by long-
time ultraviolet rays irradiation. A rib 17, an interlayer insu-
lation film 26 and the like consisting of an organic insulating

May 22, 2014

material, particularly tend to be deteriorated by ultraviolet
rays irradiation, and thereby tend to cause impurities to be
eluded into the liquid crystal layer 31.

[0067] In contrast, Embodiment 1, which uses the men-
tioned monomer to complete sufficient polymerization reac-
tion by short-time ultraviolet rays irradiation, does not cause
such a problem.

[0068] Next, other components used in the liquid crystal
display device according to Embodiment 1 are described in
detail.

[0069] FIG. 3 is a schematic plan view of the liquid crystal
display device according to Embodiment 1. The array sub-
strate includes a plurality of gate signal lines 41 in parallel
with each other, a plurality of source signal lines 42, and a
plurality of auxiliary capacity (Cs) wirings 43 which are
formed with an interlayer insulation film isolating these com-
ponents. The gate signal lines 41 and the auxiliary capacity
(Cs) wirings 43 are in parallel with each other and cross with
the plurality of source signal lines 42. The gate signal lines 41
and the source signal lines 42 are connected to each of the
electrodes contained in a thin film transistor (TFT) 44. The
TFT 44 is a three-terminal field-effect transistor and includes
a semiconductor layer and three electrodes: a gate electrode,
a source electrode, and a drain electrode. The TFT 44 serves
as a switching element controlling the driving of a pixel.
Embodiment 1 may include a multi-drive structure, in which
one gate wiring controls two subpixel electrodes, by dividing
one pixel electrode 23 into multiple subpixel electrodes and
forming a TFT in each subpixel electrode.

[0070] The pixel electrode 23 includes slits 23a, and a
common electrode 13 includes ribs 17 consisting of an
organic insulating material. The smallest portion of the slits
23a has a width of preferably 2 um or greater. Under no
applied voltage, most liquid crystal molecules, excepting a
part thereof adjacent to the ribs 17, are aligned in a vertical
direction. Under an applied voltage, the liquid crystal mol-
ecules tilt in a diagonal direction toward the ribs 17 and slits
23a.

[0071] The ribs 17 and slits 23a include linear shapes in a
plan view and are arranged with regular intervals. Although
the intervals may be partially different, all the intervals
between each of the structures for alignment control 23a and
17 are preferably substantially equal. This may achieve favor-
able display with less display unevenness.

[0072] As shown in FIG. 3, the ribs 17 partially include
bends to form v shapes in a plan view. In the whole view of the
substrate, the ribs 17 form a zigzag shape. Thereby, the liquid
crystal molecules adjacent to the ribs 17 may be controlled in
abalanced manner to be aligned in four different directions in
one pixel.

[0073] In the liquid crystal display device according to
Embodiment 1, the array substrate 21, liquid crystal layer 31,
and color filter substrate 11 are stacked in the stated order
from the back side to the viewing side of the liquid crystal
display device. A polarizing plate is provided on the back side
of the array substrate 1. A polarizing plate is also provided on
the viewing side of the color filter substrate 11. A pair of these
polarizing plates has polarization axes in parallel with or
orthogonal to each other. Each polarizing plate may include a
retarder. The polarizing plates may be circularly polarizing
plates.

[0074] The liquid crystal display device according to
Embodiment 1 may be of transmissive type, reflective type, or
transflective type. A transmissive type or transflective type
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liquid crystal display device according to Embodiment 1
further includes a back light unit. The back light unit is
arranged at the back side of the array substrate 21 such that
light permeates through the array substrate 21, the liquid
crystal layer 31, and the color filter substrate 11 in the stated
order. In a reflective type or transflective type liquid crystal
display device, the array substrate 21 includes a reflector to
reflect external light. At least in the region using reflected
light for display, the polarizing plate of the color filter sub-
strate 11 needs to be a circularly polarizing plate including a
retarder called A/4 retarder.

[0075] The liquid crystal display device according to
Embodiment 1 may include a color filter-on-array structure in
which the array substrate 21 includes color filters. The liquid
crystal display device according to Embodiment 1 may be a
monochrome display device. In this case, no color filters are
necessary.

[0076] The liquid crystal layer 31 is filled with a liquid
crystal material containing liquid crystal molecules that are
aligned in prescribed directions under a certain voltage. The
alignment of the liquid crystal molecules in the liquid crystal
layer 31 is controlled under a threshold or higher voltage.
Examples of the alignment mode of the liquid crystal mol-
ecules in Embodiment 1 include, but not limited to, TN mode,
IPS mode, FFS mode, VA mode, and MVA mode.

[0077] In the liquid crystal display device according to
Embodiment 1, a main body (e.g. mobile phone, monitor,
liquid crystal TV (television), information display) is decom-
posed and subjected to chemical analyses such as NMR
(Nuclear magnetic resonance), FT-IR (Fourier transform
infrared spectroscopy), and MS (Mass Spectrometry) to ana-
lyze the monomer components in the polymer layer and to
determine the proportion of the monomer components in the
polymer layer and the mixing amount of monomers for form-
ing the polymer layer contained in the liquid crystal layer.

Example 1

[0078] The following describes Example 1, in which liquid
crystal cells to be included in the liquid crystal display device
according to Embodiment 1 were actually produced. First, a
pair of substrates each including a vertical alignment film was
prepared. To one of the substrates, a photocurable sealing
agent was applied. On the other substrate, ribs containing a
photosensitive acryl resin were formed, and then beads were
scattered. Then, the substrates were bonded together. Subse-
quently, between the pair of substrates, a liquid crystal com-
position containing a liquid crystal material with a negative
anisotropy of dielectric constant and monomers for forming a
polymer layer was injected. The resulting product was irra-
diated with a black light (FHF-32BLB, produced by
TOSHIBA LIGHTING & TECHNOLOGY CORPORA-
TION) for 20 minutes to form a polymer layer.

[0079] As for the monomers in the liquid crystal composi-
tion, monomers represented by the following chemical for-
mulae (6) to (8) were appropriately combined and used. A
compound represented by the following chemical formula (6)
is a benzyl ketal bifunctional methacrylate monomer; a com-
pound represented by the following chemical formula (7)is a
biphenyl bifunctional methacrylate monomer; and a com-
pound represented by the following chemical formula (8)is a
phenanthrene bifunctional methacrylate monomer.

May 22, 2014
[Chem. 7]
®)
CH, ?H3
CH;—C 6 0 0
\ I q
C— c—C —C
O// ! \C—CH
| fe
CH, CH,
[Chem. 8]
™
CH.
// 2
CH;—C 0
\ 4
CcC—O 0—cC
7 \
0 C—CH;
4
CH,
[Chem. 9]
®)
CH.
CH. C// 2 0]
R /
v "N
C—CH,
Vi
CH,
[0080] InExample 1, three samples were prepared: Sample

A contained a biphenyl monomer represented by the chemi-
cal formula (7) in an amount of 0.3 wt % of the whole liquid
crystal composition; Sample B contained a biphenyl mono-
mer represented by the chemical formula (7) in an amount of
0.3 wt % and a benzyl ketal monomer represented by the
chemical formula (6) in an amount of 0.05 wt % of the whole
liquid crystal composition; and Sample C contained a
phenanthrene monomer represented by the chemical formula
(8) in an amount of 0.6 wt % and a benzyl ketal monomer
represented by the chemical formula (6) in an amount of 0.05
wt % of the whole liquid crystal composition.

[0081] Table 1 shows the measured result of the initial
voltage holding ratio (initial VHR) and residual DC voltage of
each sample. An initial VHR means the voltage holding ratio
when a 1V square wave is applied to a sample at the sample
temperature of 70° C. A residual DC voltage means the volt-
age when a sample at the sample temperature of 45° C. is AC
driven at 5.8 V and 30 Hz with an offset voltage of 2 V for 10
hours.

TABLE 1
Initial VHR Residual DC
(%) voltage (mV)
Sample A 98.89 110
Sample B 99.11 20
Sample C 99.24 10

[0082] As shown in Table 1, the initial VHR of Sample A
was 98.89%. In contrast, the initial VHR of Sample B con-
taining a small amount of the benzyl ketal monomer repre-
sented by the chemical formula (6) was improved to 99.11%.
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Similarly, the initial VHR of Sample C containing a small
amount of the monomer for initiating polymerization repre-
sented by the chemical formula (6) was improved to 99.24%.
[0083] Thus, using a benzyl ketal monomer contributed to
keeping the initial VHR high. A high initial VHR indicates a
small amount of mobile ions, in other words, residual mono-
mers are hardly left in the liquid crystal layer.

[0084] Table 1 indicates the following: Sample A, which
had a large residual DC voltage of 110 mV, may cause image
sticking; and in contrast, Samples B and C, which contained
a small amount of the benzyl ketal monomer represented by
the chemical formula (6) and had a residual DC voltage of 20
mV and 10 mV, respectively, will hardly cause image stick-
ing.

[0085] A low residual DC voltage indicates a small amount
of mobile ions, in other words, similarly to the results of the
VHR, residual monomers are hardly left in the liquid crystal
layer.

Embodiment 2

[0086] Embodiment 1 gives an example of a liquid crystal
display device without alignment treatment. Embodiment 2
gives a more detailed description of an embodiment of a
liquid crystal display device with alignment treatment. FIG. 4
is a schematic cross-sectional view of a liquid crystal display
device according to Embodiment 2 after a PSA polymeriza-
tion step. In terms of improving the viewing angle character-
istic and the response characteristic, one pixel was divided
into multiple regions to form a multi-domain structure. Form-
ing this structure requires alignment treatment such as rub-
bing treatment or photo-alignment treatment. In particular,
photo-alignment treatment may reduce defects such as break-
age of TFTs included in the array substrate 21. Examples of
the photo-alignment film material include materials contain-
ing a compound that contains a photoreactive functional
group such as a chalcone group, a coumarin group, a cin-
namate group, an azobenzene group, a tran group, or a stil-
bene group. Examples of the light used for the photo-align-
ment treatment include polarized light, non-polarized light,
and ion beam.

[0087] Particularly in IPS mode, FFS mode, or 4D-RTN
mode, in which alignment films are subjected to alignment
treatment to have orthogonal alignment directions to each
other and one pixel is divided into 4 domains, the viewing
angle may be greatly improved. In the 4D-RTN mode, espe-
cially, pretilt angles require highly precise control. The liquid
crystal display device of the present invention, in which a
polymer layer achieves stable pretilt angles, may provide
sufficient alignment stability even in the 4D-RTN mode. The
configurations of the IPS mode, FFS mode, and 4D-RTN
mode may be easily formed by photo-alignment treatment.

Example 2

[0088] The following describes Example 2, in which liquid
crystal cells to be included in the liquid crystal display device
according to Embodiment 2 were actually produced. First, a
pair of substrates, each of which included a photo-alignment
film prepared by performing photo-alignment treatment on a
cinnamate group-containing vertical alignment film material,
was prepared. To one of the substrates, a photocurable sealing
agent was applied. On the other substrate including a color
filter layer, beads were scattered. Then, the substrates were
bonded together. Subsequently, between the pair of sub-
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strates, a liquid crystal composition containing a liquid crys-
tal material with a negative anisotropy of dielectric constant
and monomers for forming a polymer layer was injected. The
resulting product was irradiated with a black light (FHF-
32BLB, produced by TOSHIBA LIGHTING & TECHNOL-
OGY CORPORATION) for 20 minutes to form a polymer
layer.

[0089] As for the monomers in the liquid crystal composi-
tion, monomers represented by the chemical formulae (6) to
(8) were appropriately combined and used. A compound rep-
resented by the chemical formula (6) is a benzyl ketal bifunc-
tional methacrylate monomer; a compound represented by
the chemical formula (7) is a biphenyl bifunctional methacry-
late monomer; and a compound represented by the chemical
formula (8) is a phenanthrene bifunctional methacrylate
monomer.

[0090] InExample 2, three samples were prepared: Sample
D contained the biphenyl monomer represented by the chemi-
cal formula (7) in an amount of 0.3 wt % of the whole liquid
crystal composition; Sample E contained the biphenyl mono-
mer represented by the chemical formula (7) in an amount of
0.3 wt % and the benzyl ketal monomer represented by the
chemical formula (6) in an amount of 0.05 wt % of the whole
liquid crystal composition; and Sample F contained the
phenanthrene monomer represented by the chemical formula
(8) in an amount of 0.6 wt % and the benzyl ketal monomer
represented by the chemical formula (6) in an amount of 0.05
wt % of the whole liquid crystal composition.

[0091] Table 2 shows the measured result of the initial VHR
and residual DC voltage of each sample. An initial VHR
means the voltage holding ratio when a 1 V square wave is
applied to a sample at the sample temperature of 70° C. A
residual DC voltage means the voltage when a sample at the
sample temperature of 45° C. is AC driven at 5.8 V and 30 Hz
with an offset voltage of 2 V for 10 hours.

TABLE 2
Initial VHR Residual DC
(%) voltage (mV)
Sample D 99.04 90
Sample E 99.25 10
Sample F 99.48 30

[0092] As shown in Table 2, the initial VHR of Sample D
was 99.04%. In contrast, the initial VHR of Sample E con-
taining a small amount of the benzyl ketal monomer repre-
sented by the chemical formula (6) was improved to 99.25%.
Similarly, the initial VHR of Sample F containing a small
amount of the monomer for initiating polymerization repre-
sented by chemical formula (6) was improved to 99.48%.

[0093] Thus, using a benzyl ketal monomer contributed to
improving the initial VHR. A high initial VHR indicates a
small amount of mobile ions, in other words, residual mono-
mers are hardly left in the liquid crystal layer.

[0094] Table 2 indicates the following: Sample D, which
had a large residual DC voltage of 90 mV, may cause image
sticking; and in contrast, Samples E and F, which contained a
small amount of the benzyl ketal monomer represented by the
chemical formula (6) and had a residual DC voltage of 10 mV
and 30 mV, respectively, will hardly cause image sticking.
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[0095] A low residual DC voltage indicates a small amount
of mobile ions, in other words, similarly to the results of the
VHR, residual monomers are hardly left in the liquid crystal
layer.

Exaniple 3

[0096] The following describes Example 3, in which liquid
crystal cells to be included in the liquid crystal display device
according to Embodiment 2 were actually produced. First, a
pair of substrates, each of which included a photo-alignment
film prepared by performing photo-alignment treatment on a
cinnamate group-containing horizontal alignment film mate-
rial, was prepared. To one of the substrates including a pixel
electrode and a common electrode each isolated by an intet-
layer insulation film, a photocurable sealing agent was
applied. On the other substrate without electrodes, beads
were scattered. Then, the substrates were bonded together.
Subsequently, between the pair of substrates, a liquid crystal
composition containing a liquid crystal material with a posi-
tive anisotropy of dielectric constant and monomers for form-
ing a polymer layer was injected. The resulting product was
irradiated with a black light (FHF-32BLB, produced by
TOSHIBA LIGHTING & TECHNOLOGY CORPORA-
TION) for 20 minutes to form a polymer layer.

[0097] As for the monomers in the liquid crystal composi-
tion, monomers represented by the chemical formulae (6) to
(8) were appropriately combined and used. A compound rep-
resented by the chemical formula (6) is a benzyl ketal bifunc-
tional methacrylate monomer; a compound represented by
the chemical formula (7) is a biphenyl bifunctional methacry-
late monomer; and a compound represented by the chemical
formula (8) is a phenanthrene bifunctional methacrylate
monomer.

[0098] InExample 3, three samples were prepared: Sample
G contained the biphenyl monomer represented by the chemi-
cal formula (7) in an amount of 0.3 wt % of the whole liquid
crystal composition; Sample H contained the biphenyl mono-
mer represented by the chemical formula (7) in an amount of
0.3 wt % and the benzyl ketal monomer represented by the
chemical formula (6) in an amount of 0.05 wt % of the whole
liquid crystal composition; and Sample 1 contained the
phenanthrene monomer represented by the cherical formula
(8) in an amount of 0.6 wt % and the benzyl ketal monomer
represented by the chemical formula (6) inan amount of 0.05
wt % of the whole liquid crystal composition.

[0099] Table 3 shows the measured result of the initial VHR
and residual DC voltage of each sample. An initial VHR
means the voltage holding ratio when a 1 V square wave is
applied to a sample at the sample temperature of 70° C. A
residual DC voltage means the voltage when a sample at the
sample temperature 0f 45° C. is AC driven at 5.8 V and 30 Hz
with an offset voltage of 2 V for 10 hours.

TABLE 3
Initial VHR Residual DC
(%) voltage (mV)
Sample G 97.34 150
Sample H 98.55 20
Sample 99.00 10

[0100] As shown in Table 3, the initial VHR of Sample G
was 97.34%. In contrast, the initial VHR of Sample H con-
taining a small amount of the benzyl ketal monomer repre-
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sented by the chemical formula (6) was improved to 98.55%.
Similarly, the initial VHR of Sample I containing a small
amount of the monomer for initiating polymerization repre-
sented by the chemical formula (6) was improved to 99.00%.
[0101] Thus, using a benzyl ketal monomer contributed to
improving the initial VHR. A high initial VHR indicates a
small amount of mobile ions, in other words, residual mono-
mers are hardly left in the liquid crystal layer.

[0102] Table 3 indicates the following: Sample G, which
had a large residual DC voltage of 150 mV, may cause image
sticking; and in contrast, Samples H and I, which contained a
small amount of the benzyl ketal monomer represented by the
chemical formula (6) and had a residual DC voltage of 20 mV
and 10 mV, respectively, will hardly cause image sticking.
[0103] A low residual DC voltage indicates a small amount
of mobile ions, in other words, similarly to the results of the
VHR, residual monomers are hardly left in the liquid crystal
layer.

Embodiment 3

[0104] Embodiment 1 gives an embodiment of controlling
the alignment of liquid crystals by using ribs. Similarly, form-
ing slits in the electrode (s) on one of the pair of substrates, for
example, enables forming a polymer layer along with the
alignment of liquid crystal molecules. Although this embodi-
ment shows an example of forming slits only in a pixel elec-
trode, similar slits may be formed only in a common elec-
trode. Embodiment 3 has the same configuration as in
Embodiment 1 or 2, except that slits are formed in the pixel
electrode or on the common electrode. The width of the
smallest portion of the slits is preferably 2 pm or greater.
[0105] FIGS. 5 and 6 each show a schematic plan view ofa
liquid crystal display device according to Embodiment 3. The
liquid crystal display device according to Embodiment 3
includes the same configuration of wirings as that in Embodi-
ment 1. FIG. 5 shows an example of a pattern in which a pixel
electrode itself is formed to be provided with a cross-shaped
trunk part and branch parts, the branch parts each extending in
adirection ofabout 45° relative to the trunk part. FIG. 6 shows
another example of a pattern in which slits are formed in the
pixel electrode to be provided with a cross-shaped trunk part
and a plurality of branch parts, the plurality of branch parts
each extending in a direction of about 45° relative to the trunk
part. Such a shape provided with a cross-shaped trunk part
and a plurality of branch parts, the plurality of branch parts
each extending in a direction of about 45° relative to the trunk
part, is referred to as a “fish bone shape”. Such a shape may be
formed at the same time as forming the electrode by photoli-
thography. In addition to the example in FIG. 5 including a
fish bone-shaped pixel electrode 23, the example in FIG. 6
including slits 234 forming a fish bone shape in a pixel elec-
trode 23 also includes a configuration with a plurality of slits
23a in a pixel electrode 23. As shown in FIGS. 5 and 6, the
slits 23 in a plan view include linear shapes arranged with
regular intervals. Although the intervals may be partially dif-
ferent, all the intervals between the slits 23a are preferably
substantially equal. This may achieve favorable display with
less display unevenness.

[0106] In the example in FIG. §, the polarization axes of a
pair of polarizing plates are disposed in a cross-nicol state,
and each polarization axis is arranged to be overlapped with
the cross-shaped trunk part of the pixel electrode, whereby
exerting excellent viewing angle characteristic. Similarly in
the example in FIG. 6, the polarization axes of a pair of
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polarizing plates are disposed in a cross-nicol state, and each
polarization axis is arranged to be overlapped with the cross-
shaped trunk part of the slits 23a in the pixel electrode,
whereby exerting excellent viewing angle characteristic.

Example 4

[0107] The following describes Example 4, in which liquid
crystal cells to be included in the liquid crystal display device
according to Embodiment 3 were actually produced. First, a
pair of substrates each including a vertical alignment film was
prepared. To one of the substrates including an organic inter-
layer insulation film that contains a photosensitive material
and a fish bone-shaped pixel electrode on the interlayer insu-
lation film, a photocurable sealing agent was applied. On the
other substrate including color filters and a common elec-
trode, beads were scattered. Then, the substrates were bonded
together. Subsequently, between the pair of substrates, a lig-
uid crystal composition containing a liquid crystal material
with a negative anisotropy of dielectric constant and mono-
mers for forming a polymer layer was injected. The resulting
product was irradiated with a black light (FHF-32BLB, pro-
duced by TOSHIBA LIGHTING & TECHNOLOGY COR-
PORATION) for 20 minutes to form a polymer layer.

[0108] As for the monomers in the liquid crystal composi-
tion, monomers represented by the chemical formulae (6) to
(8) were appropriately combined and used. A compound rep-
resented by the chemical formula (6) is a benzyl ketal bifunc-
tional methacrylate monomer; a compound represented by
the chemical formula (7) is a biphenyl bifunctional methacry-
late monomer; and a compound represented by the chemical
formula (8) is a phenanthrene bifunctional methacrylate
Mmonomer.

[0109] InExample4,three samples were prepared: Sample
Jcontained the biphenyl monomer represented by the chemi-
cal formula (7) in an amount of 0.3 wt % of the whole liquid
crystal composition; Sample K contained the biphenyl mono-
mer represented by the chemical formula (7) in an amount of
0.3 wt % and the benzyl ketal monomer represented by the
chemical formula (6) in an amount of 0.05 wt % of the whole
liquid crystal composition; and Sample L contained the
phenanthrene monomer represented by the chemical formula
(8) in an amount of 0.6 wt % and the benzyl ketal monomer
represented by the chemical formula (6) in an amount of 0.05
wt % of the whole liquid crystal composition.

[0110] Table 4 shows the measured result ofthe initial VHR
and residual DC voltage of each sample. An initial VHR
means the voltage holding ratio when a 1 V square wave is
applied to a sample at the sample temperature of 70° C. A
residual DC voltage means the voltage when a sample at the
sample temperature of 45° C. is AC driven at 5.8 V and 30 Hz
with an offset voltage of 2 V for 10 hours.

TABLE 4
Initial VHR Residual DC
(%) voltage (mV)
Sample T 98.63 120
Sample K 99.22 30
Sample L 99.30 20

[0111] As shown in Table 4, the initial VHR of Sample J
was 98.63%. In contrast, the initial VHR of Sample K con-
taining a small amount of the benzyl ketal monomer repre-
sented by the chemical formula (6) was improved to 99.22%.
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Similarly, the initial VHR of Sample L containing a small
amount of the monomer for initiating polymerization repre-
sented by the chemical formula (6) was improved to 99.30%.
[0112] Thus, using a benzyl ketal monomer contributed to
improving the initial VHR. A high initial VHR indicates a
small amount of mobile ions, in other words, residual mono-
mers are hardly left in the liquid crystal layer.

[0113] Table 4 indicates the following: Sample J, which
had a large residual DC voltage of 120 mV, may cause image
sticking; and in contrast, Samples K and L, which contained
a small amount of the benzyl ketal monomer represented by
the chemical formula (6) and had a residual DC voltage of 30
mV and 20 mV, respectively, will hardly cause image stick-
ing.

[0114] Alow residual DC voltage indicates a small amount
of mobile ions, in other words, similarly to the results of the
VHR, residual monomers are hardly left in the liquid crystal
layer.

[0115] The present application claims priority to Patent
Application No. 2011-171138 filed in Japan on Aug. 4, 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

[0116] 11: color filter substrate
[0117] 12, 22: supporting substrate
[0118] 13: common electrode
[0119] 14, 24: alignment film
[0120] 15, 25: polymer layer
[0121] 17:r1ib

[0122] 21: array substrate

[0123] 23: pixel electrode

[0124] 23a: slits in pixel electrode

[0125] 26: interlayer insulation film
[0126] 31:liquid crystal layer
[0127] 41: gate signal line

[0128] 42: source signal line

[0129] 43: Cs wiring

[0130] 44: TFT

1. A liquid crystal display device, comprising:

a pair of substrates, at least one of the pair of substrates
including an alignment film and a structure consisting of
an organic insulating material,

a polymer layer that is formed on the alignment film to
control the alignment of liquid crystal molecules, and

a liquid crystal layer containing a liquid crystal material,
the liquid crystal layer being placed between the pair of
substrates,

wherein the polymer layer is formed by polymerization of
one or more kinds of radical polymerizable monomers
contained in the liquid crystal layer, and atleast one kind
of the radical polymerizable monomers is a compound
including a structure which generates radicals through
self-cleavage reaction by light irradiation and two or
more radical polymerizable groups.

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

wherein at least one radical polymerizable monomer,
including the structure which generates radicals through
self-cleavage reaction by light irradiation, generates
radicals by irradiation with light having a wavelength of
350 nm or longer.
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3. The liquid crystal display device according to claim 1,

wherein at least one radical polymerizable monomer,
including the structure which generates radicals through
self-cleavage reaction by light irradiation, generates
radicals by irradiation with light having a wavelength of
shorter than 400 nm.

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

wherein the radical polymerizable monomers have an
extinction coeflicient of 20 ml/g-cm or less for light
having a wavelength of 400 nm or longer.

5. A liquid crystal display device, comprising:

a pair of substrates, at least one of the pair of substrates
including an alignment film and a structure consisting of
an organic insulating material,

a polymer layer that is formed on the alignment film to
control the alignment of liquid crystal molecules, and

a liquid crystal layer containing a liquid crystal material,
the liquid crystal layer being placed between the pair of
substrates,

wherein the polymer layer is formed by polymerization of
one or more kinds of radical polymerizable monomers
contained in the liquid crystal layer, and at least one kind
of the radical polymerizable monomers is a compound
represented by the following chemical formula (1):

[Chem. 1]
@

wherein

R! represents a C1-C4 linear or branched alkyl or alkenyl
group, or Sp*-P?;

R? represents a C1-C4 linear or branched alky] or alkenyl
group, or Sp*-P*;

P!, P2, P?, and P* represent the same or different radical
polymerizable groups, and the total number of the radi-
cal polymerizable groups is two or more;

Sp* represents a C1-C6 linear, branched, or cyclic alky-
lene, alkyleneoxy, or alkylene carbonyloxy group, or a
direct bond, and when m* is 2 or more, the Sp*s are the
same as or different from each other;

Sp? represents a C1-C6 linear, branched, or cyclic alky-
lene, alkyleneoxy. or alkylene carbonyloxy group, or a
direct bond, and when m? is 2 or more, the Sp?s are the
same as or different from each other;

Sp? represents a C1-C6 linear, branched, or cyclic alky-
lene, alkyleneoxy, or alkylene carbonyloxy group;

Sp” represents a C1-C6 linear, branched, or cyclic alky-
lene, alkyleneoxy, or alkylene carbonyloxy group;

L' represents a —F group, a —OH group, or a C1-C12
alkyl, alkenyl, or aralkyl group, the alkyl or alkenyl
group may be linear or branched, and when n' is 2 or
more, the L's are the same as or different from each
other;

12
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when two L's are independently bonded to respective two
adjacent carbon atoms in an aromatic ring, the two L’s
may be bonded to each other to form a cyclic structure,
and the two L's are the same as or different from each
other, each representing a C1-C12 linear or branched
alkylene or alkenylene group;

L? represents a —F group, a —OH group, or a C1-C12
alkyl, alkenyl, or aralkyl group, the alkyl or alkenyl
group may be linear or branched, and when n? is 2 or
more, the [.%s are the same as or different from each
other;

when two L5 are independently bonded to respective two
adjacent carbon atoms in an aromatic ring, the two Ls
may be bonded to each other to form a cyclic structure,
and the two Ls are the same as or different from each
other, each representing a C1-C12 linear or branched
alkylene or alkenylene group;

one or more hydrogen atoms on the alkyl, alkenyl, alky-
lene, alkenylene, or aralkyl group in L' and L* may be
substituted with a—F group or a—OH group;

one or more —CH,— groups of the alkyl, alkenyl, alky-
lene, alkenylene, or aralkyl group in L' and L* may be
independently substituted with a —O— group,a—S—
group, a—NH— group, a —CO— group, a —COO—
group, a —OCO— group, a —O—COO— group, a
—OCH,— group, a —CH,O— group, a —SCH,—
group, a —CH,S— group, a —N(CH;)— group, a
—N(C,H;)— group, a —N(C,H,)— group, a
—N(C,Hg)— group, a —CF,0— group, a —OCF,—

group, a —CF,S— group, a —SCF,— group, a
—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, a —OCO—CH—CH—
group, a Sp'-P' group, or a Sp>-P? group as long as
oxygen, sulfur, and nitrogen atoms are not adjacent to
each other;

m' is an integer of 1 to 3;

m? is an integer of 0 to 3;

n' is an integer of 0 to 4;

n? is an integer of 0 to 4;

the total of m' and n' is an integer of 1 to 5;

the total of m? and n® is an integer of 0 to 5; and

the total of m' and m? is an integer or 1 to 6.

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

wherein the structure consisting of an organic insulating
material is a dielectric protrusion to control the align-
ment of liquid crystal molecules that are adjacent to the
dielectric protrusion.

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

wherein the structure consisting of an organic insulating
material is an interlayer insulation film formed between
a supporting substrate and the alignment film.

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

wherein the alignment film is a photo-alignment film
formed by irradiating a photo-alignment film material
with light.

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

wherein the photo-alignment film material is a polymer
compound containing a cinnamate group, a chalcone
group, a coumarin group, a tran group, a stilbene group,
or an azobenzene group.
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10. The liquid crystal display device according to claim 1,

wherein at least one of the pair of substrates includes a first
electrode and a second electrode, and at least one of the
first electrode and the second electrode is provided with
slits.

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

wherein the smallest portion of the slits has a width of 2 pm
or greater.

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

further comprising a pair of polarizing plates disposed in a

cross-nicol state,

wherein the slits formed in at least one of the first electrode
and the second electrode are provided with a cross-
shaped trunk part and branch parts, the branch parts each
extending in a direction of about 45° relative to the trunk
part, and polarization axes of the pair of polarizing plates
each overlap with the cross-shaped trunk part.

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

further comprising a pair of polarizing plates disposed in a

cross-nicol state,

wherein at least one of the first electrode and the second
electrode is provided with a cross-shaped trunk part and
branch parts, the branch parts each extending in a direc-
tion of about 45° relative to the trunk part, and polariza-
tion axes of the pair of polarizing plates each overlap
with the cross-shaped trunk part.

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

wherein the polymer layer is formed by polymerization of
further one or more kinds of radical polymerizable
monomers including a ring structure and a monofunc-
tional or polyfunctional polymerizable group.
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15. The liquid crystal display device according to claim 14,

wherein the further one or more kinds of radical polymer-
izable monomers including a ring structure and a mono-
functional or polyfunctional polymerizable group in the
liquid crystal layer have a residual concentration after
forming the polymer layer of 0.05 wt % or lower of the
whole composition constituting the liquid crystal layer.

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

wherein the liquid crystal display device is of VA mode,
MVA mode, 4D-RTN mode, IPS mode, FFS mode, or
fish bone PSA mode.

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

wherein the structure consisting of an organic insulating
material is a dielectric protrusion to control the align-
ment of liquid crystal molecules that are adjacent to the
dielectric protrusion.

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

wherein the structure consisting of an organic insulating
material is an interlayer insulation film formed between
a supporting substrate and the alignment film.

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

wherein the alignment film is a photo-alignment film
formed by irradiating a photo-alignment film material
with light.

20. The liquid crystal display device according to claim 19,

wherein the photo-alignment film material is a polymer
compound containing a cinnamate group, a chalcone
group, a coumarin group, a tran group, a stilbene group,
or an azobenzene group.
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