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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application is a continuation of U.S. patent
application Ser. No. 12/738,156 filed Apr. 15, 2010, which is
the U.S. national phase of International Application No. PCT/
JP2008/002873, filed 10 Oct. 2008, which designated the
U.S. and claims priority to Japanese Patent Application No.
2007-267479, filed 15 Oct. 2007, the entire contents of each
of which are hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to a liquid crystal dis-
play device and specifically to a liquid crystal display device
which uses the Polymer Sustained Alignment Technology.

BACKGROUND ART

[0003] Liquid crystal display devices perform display by
utilizing the change of the orientations of liquid crystal mol-
ecules which is caused by a voltage applied across the liquid
crystal layer. The orientations of the liquid crystal molecules
which occur in the absence of an applied voltage across the
liquid crystal layer (pretilt directions) are conventionally
regulated by alignment films. For example, in TN-mode lig-
uid crystal display devices, the pretilt azimuths of the liquid
crystal molecules are regulated by performing a rubbing pro-
cess on horizontal alignment films. In this specification, the
pretilt azimuth refers to a component of'a vector that is indica-
tive of the orientation of a liquid crystal molecule in the liquid
crystal layer in the absence of an applied voltage, the com-
ponent being in a plane of the liquid crystal layer (in a plane
of the substrate). The pretilt angle, which is an angle formed
by the alignment film and the liquid crystal molecule, is
determined depending primarily on a combination of the
alignment film and the liquid crystal material. The pretilt
direction is expressed by the pretilt azimuth and the pretilt
angle. In TN-mode liquid crystal display devices, the pretilt
azimuths regulated by a pair of alignment films which oppose
each other via the liquid crystal layer are set perpendicular to
each other. The pretilt angle is about 1° to 5°.

[0004] In recent years, as a technology for controlling the
pretilt directions of the liquid crystal molecules, the Polymer
Sustained Alignment Technology (hereinafter, referred to as
“PSA technology™) has been developed (see Patent Docu-
ments 1, 2, and 3). The PSA technology is a technology of
controlling the pretilt directions of the liquid crystal mol-
ecules by means of a polymer formed in the liquid crystal
layer. The polymer is formed by irradiating, after assemblage
of a liquid crystal cell, a small amount of polymerizable
material (e.g., a photopolymerizable monomer) mixed in a
liquid crystal material with active energy rays (e.g., ultravio-
let light) while a predetermined voltage is applied across the
liquid crystal layer. The orientations of the liquid crystal
molecules maintained during the formation of the polymer
are sustained (memorized) even after removal of the voltage
(in the absence of an applied voltage). Thus, the PSA tech-
nology is advantageously capable of adjusting the pretilt azi-
muths and pretilt angles of the liquid crystal molecules by
controlling, for example, an electric field generated in the
liquid crystal layer. Also, the PSA technology does not
require a rubbing process and is therefore suitable to forma-
tion of a vertical alignment type liquid crystal layer that has
difficulty in regulating the pretilt directions by means of a
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rubbing process. The entire disclosures of Patent Documents
1, 2, and 3 are incorporated in this specification by reference.
[0005] Patent Document 1: Japanese Laid-Open Patent
Publication No. 2002-357830
[0006] Patent Document 2: Japanese Laid-Open Patent
Publication No. 2003-307720
[0007] Patent Document 3: Japanese Laid-Open Patent
Publication No. 2006-78968
[0008] Patent Document 4: Japanese Laid-Open Patent
Publication No. 2006-169518
[0009] However, in the PSA technology, an insufficient UV
dose leads to a problem that an unreacted portion of a photo-
polymerizable compound remains in the liquid crystal layer.
The remaining photopolymerizable compound gradually
reacts due to light or heat from a backlight during use of the
liquid crystal display device, so that the orientations of the
liquid crystal molecules which occur during the use may be
sustained (memorized). If this phenomenon occurs, it may
emerge in the form of image sticking. An image sticking
phenomenon which is detrimental to general liquid crystal
display devices is caused by a DC component remaining in
the liquid crystal layer and is therefore called “DC image
sticking”, while the above-described image sticking phenom-
enon which particularly occurs in connection with the PSA
technology is herein referred to as “polymeric image stick-
ing”.
[0010] The ultraviolet light can damage the liquid crystal
material and the organic materials of the alignment films and
other constituents and can therefore decrease the reliability.
Thus, the UV dose cannot be inordinately increased. As the
duration of the ultraviolet irradiation increases, the tact time
accordingly increases. This leads to an increase in production
cost.
[0011] Patent Document 3 discloses that the amount of a
residual monomer is preferably 0.02 mass % or less. How-
ever, in example 6 (table 2) which uses a liquid crystal display
panel, the amount of the residual monomer cannot be
decreased to 0.017 mass % without ultraviolet irradiation of
more than 40 J/cm®. Even when the UV dose is increased
from 30 J/cm? to 40 J/em? in the second ultraviolet irradiation
step, the amount of the residual monomer only decreases
from 0.02 mass % to 0.017 mass %. Thus, it is understood
that, in consideration of reliability and production cost, the
decrease in the amount of the residual monomer by means of
increasing the UV dose has a limit.
[0012] The technology disclosed herein was conceived in
order to solve the above problems. One of the objects of the
technology disclosed herein is to provide a liquid crystal
display device fabricated using the PSA technology, in which
the amount of a polymerizable compound remaining in the
liquid crystal layer is sufficiently decreased without increas-
ing the UV dose as compared with the conventional process.
[0013] A liquid crystal display device of the technology
disclosed herein includes: a liquid crystal layer containing a
nematic liquid crystal material; a pair of electrodes opposing
each other via the liquid crystal layer; a pair of alignment
films respectively provided between the pair of electrodes and
the liquid crystal layer; and an alignment sustaining layer
formed of a photopolymerized material on each of surfaces of
the pair of alignment films which are closer to the liquid
crystal layer, the alignment sustaining layer being configured
to regulate a pretilt azimuth of a liquid crystal molecule of the
liquid crystal layer during the absence of an applied voltage
across the liquid crystal layer, wherein the pretilt azimuth of
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the liquid crystal molecule of the liquid crystal layer is regu-
lated by the alignment sustaining layer during the absence of
an applied voltage across the liquid crystal layer, the nematic
liquid crystal material contains a liquid crystal compound
having a terphenyl! ring system as an indispensable compo-
nent, and the liquid crystal layer further contains part of a
photopolymerizable compound which is a source material of
the photopolymerized material, a content of the photopoly-
merizable compound relative to the nematic liquid crystal
material being less than 0.015 mol %.

[0014] In one embodiment, a content of the liquid crystal
compound having the terphenyl ring system in the nematic
liquid crystal material is in a range of not less than 1 mol %
and not more than 25 mol %.

[0015] In one embodiment, the photopolymerizable com-
pound includes a diacrylate monomer which has a liquid
crystal skeleton or a dimethacrylate monomer which has a
liquid crystal skeleton.

[0016] Inoneembodiment, the pair of alignment sustaining
layers include a particle of the photopolymerized material
which has a particle diameter of 50 nm or less.

[0017] In one embodiment, the pair of alignment films are
vertical alignment films, and the nematic liquid crystal mate-
rial has negative dielectric anisotropy.

[0018] In a liquid crystal display device of the technology
disclosed herein, a nematic liquid crystal material included in
a liquid crystal layer contains a liquid crystal compound
having a terphenyl ring system as an indispensable compo-
nent. The liquid crystal compound having a terphenyl ring
system has the function of increasing the efficiency of a
polymerization reaction of a photopolymerizable compound
in the liquid crystal layer. Therefore, in an end-product liquid
crystal display device, the content of the photopolymerizable
compound remaining in the liquid crystal layer relative to the
nematic liquid crystal material can be less than 0.015 mol %.
Further, the UV dose need not to be increased as compared
with the conventional process. Thus, the liquid crystal display
device of the technology disclosed herein is also advanta-
geous in terms of reliability and production cost.

DETAIL DESCRIPTION OF DRAWINGS

[0019] FIG.1A cross-sectional view of one pixel ofa liquid
crystal display device 100. (a) schematically shows an align-
ment of liquid crystal molecules 424 in a black display state
(in the absence of an applied voltage). (b) schematically
shows an alignment of liquid crystal molecules 42a in a white
display state (in the presence of an applied voltage).

[0020] FIG. 2 A SEM image of an alignment sustaining
layer included in a liquid crystal display device of an embodi-
ment of the technology disclosed herein.

[0021] FIG. 3 A graph for illustrating the relationship
between the composition of a nematic liquid crystal material
and the residual monomer ratio. The ordinate axis represents
the residual monomer ratio. The abscissa axis represents the
temperature of a liquid crystal cell during ultraviolet irradia-
tion.

[0022] FIG. 4 A table showing liquid crystal compounds
which are constituents of nematic liquid crystal materials
LC-5, LC-6 and LC-7 used in experiments, the chemical
structure formula, the composition, and the dielectric anisot-
ropy (AS).

[0023] FIG. 5 A graph showing the relationship between
the content of a terphenyl liquid crystal compound and the
residual monomer ratio.
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[0024] FIG. 6 A table showing liquid crystal compounds
which are constituents of nematic liquid crystal material
LC-9 used in an experiment, the chemical structure formula,
the composition, and the dielectric anisotropy (AE).

[0025] FIG. 7 A graph showing the relationship between
the content of a terphenyl liquid crystal compound and the
voltage holding ratio (the initial values and the values reached
after ultraviolet irradiation).

DESCRIPTION OF THE REFERENCE

NUMERALS
[0026] 11, 21 substrate
[0027] 12 pixel electrode
[0028] 22 counter electrode
[0029] 224 opening
[0030] 34a, 345 alignment sustaining layer
[0031] 42 liquid crystal layer
[0032] 424 liquid crystal molecules
[0033] 100 liquid crystal display device
DETAILED DESCRIPTION
[0034] Hereinafter, a liquid crystal display device of an

embodiment of the technology disclosed herein is described
with reference to the drawings. The technology disclosed
herein is not limited to the embodiment described below.
[0035] [Liquid Crystal Display Device Fabricated Using
PSA Technology]

[0036] First, a structure and operation of a liquid crystal
display device fabricated using the PSA technology are
described with reference to FIG. 1 and FIG. 2.

[0037] FIG.1isacross-sectional view schematically show-
ing a structure of one pixel of a liquid crystal display device
100 of an embodiment of the technology disclosed herein.
FIG. 1(a) shows an alignment of liquid crystal molecules 42a
in a black display state (in the absence of an applied voltage).
FIG. 1(b) shows an alignment of the liquid crystal molecules
424 in a white display state (in the presence of an applied
voltage). Hereinafter, the embodiment of the technology dis-
closed herein is described with an example of a vertical align-
ment type liquid crystal display device which performs dis-
play in a normally black mode, to which the technology
disclosed herein is however not limited.

[0038] The liquid crystal display device 100 has a plurality
ofpixels and includes a pair of substrates 11 and 21 and a pair
of polarizing plates (not shown) placed in crossed Nicols on
the outer sides of the substrates. The liquid crystal display
device 100 is configured to display images in a normally
black mode. Each pixel has a liquid crystal layer 42 including
a nematic liquid crystal material (liquid crystal molecules
42a) whose dielectric anisotropy is negative, and a pixel
electrode 12 and a counter electrode 22 which oppose each
other via the liquid crystal layer 42. A pair of vertical align-
ment films (not shown) are respectively provided between the
pixel electrode 12 and the liquid crystal layer 42 and between
the counter electrode 22 and the liquid crystal layer 42. Sur-
faces of the alignment films which are closer to the liquid
crystal layer 42 are respectively provided with a pair of align-
ment sustaining layers 34a and 3456 formed of a photopoly-
merized material. The alignment sustaining layers 34a and
34b are formed by, after formation of a liquid crystal cell,
polymerizing a photopolymerizable compound contained in
a prepared liquid crystal material while a voltage is applied
across the liquid crystal layer 42.



US 2012/0127407 Al

[0039] Before the polymerization of the photopolymeriz-
able compound, the alignment of the liquid crystal molecules
42a is controlled by the vertical alignment films (not shown)
so that the liquid crystal molecules 42a are oriented vertically
to the substrate surface. When a white display voltage is
applied, the liquid crystal molecules 42a result in an align-
ment where they are inclined in predetermined directions
according to an oblique electric field generated at an edge
portion of the pixel electrode 12 and an oblique electric field
generated near an opening 22a of the counter electrode 22 as
shown in FIG. 1(b).

[0040] The alignment sustaining layers 34a and 3454, which
are formed under application of the white display voltage,
function to sustain (memorize) an alignment of the liquid
crystal molecules 42a which occurs under application of the
white display voltage across the liquid crystal layer 42 even
after removal of the voltage (in the absence of an applied
voltage) as shown in FIG. 1(a).

[0041] The liquid crystal molecules 42a in the closest
vicinity of the vertical alignment films are under the strong
anchoring effect and are therefore oriented vertical to the
surfaces ofthe vertical alignment films even in the presence of
an applied voltage. Thus, the liquid crystal molecules 42a
fixed by the alignment sustaining layers 34a and 345 formed
over the vertical alignment films only have a slight tilt (1° to
5°) from the vertical direction (pretilt angle of 85° to 89°) as
schematically shown in FIG. 1(a). As seen from the compari-
son of FIG. 1(a) and FIG. 1(b), the alignment of the liquid
crystal molecules 42a fixed by the alignment sustaining lay-
ers 34a and 34b scarcely change even when a voltage is
applied.

[0042] The liquid crystal display device 100 of an embodi-
ment of the technology disclosed herein has the alignment
sustaining layers 34a and 345 and therefore exhibits an align-
ment of the liquid crystal molecules pretilted in predeter-
mined directions as shown in FIG. 1(a) even in the absence of
an applied voltage. The alignment which occurs in this con-
dition conforms to the alignment of the liquid crystal mol-
ecules 42a which occurs in a white display state (in the
presence of an applied voltage) as shown in FIG. 1(5). As a
result, a stable alignment can be achieved, and the response
characteristics of the liquid crystal molecules, etc., can be
improved.

[0043] In the example described herein, an opening 22a
(portion not including a conductive layer) is provided in the
counter electrode 22 in order to control the orientations of the
liquid crystal molecules 42a. However, the method for con-
trolling the orientations of the liquid crystal molecules 42a in
the formation of the alignment sustaining layers 34a and 345
is not limited to this example. For example, as described in
Patent Document 1, by providing a dielectric protrusion or
electrode slit as necessary, four liquid crystal domains which
have different azimuths of the orientations of the liquid crys-
tal molecules 42a can be formed.

[0044] The alignment sustaining layers 34a and 345 can be
formed, for example, in a manner described below. Here, a
liquid crystal display panel is fabricated according to the
same method as that described in Patent Document 3 (ex-
ample 6).

[0045] A liquid crystal display panel for use in the liquid
crystal display device 100 is fabricated using a material in
which a photopolymerizable compound of not less than 0.1
mass % and not more than 0.5 mass % is mixed in a nematic
liquid crystal material of negative dielectric anisotropy. The
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photopolymerizable compound may preferably be a mono-
mer or oligomer which has a radically-polymerizable func-
tional group, such as an acrylate group, a methacrylate group,
avinyl group, or the like. In terms of reactivity, a monomer or
oligomer which has an acrylate group or a methacrylate group
is more preferable. Among such examples, a polyfunctional
group is preferable. The photopolymerizable compound used
herein may be a diacrylate or dimethacrylate monomer which
has a liquid crystal skeleton. By using a monomer which has
a liquid crystal skeleton, the alignment of the liquid crystal
molecules can be sustained more stably. Especially, a ring
system or condensed ring system described in Patent Docu-
ment 2 to which an acrylate group or a methacrylate group is
directly bonded is preferable.

[0046] The liquid crystal layer of this liquid crystal display
panel (including the above-described monomer) is irradiated
with UV light (e.g., i-line at the wavelength of 365 nm, about
20 mW) at about 20 J/cm? while a predetermined voltage is
applied across the liquid crystal layer. Application of the
voltage across the liquid crystal layer causes the liquid crystal
molecules 424 to have a predetermined alignment according
to electric fields generated between the counter electrode 22
and the pixel electrode 12. The UV irradiation causes poly-
merization of the photopolymerizable compound so that a
photopolymerized material is produced. The photopolymer-
ized material forms the alignment sustaining layers 34a and
345 on the vertical alignment films for fixing the above align-
ment of the liquid crystal molecules 42a. A series of steps for
photopolymerizing a photopolymerizable compound while a
predetermined voltage which is not lower than the white
display voltage is applied to form alignment sustaining layers
is sometimes referred to as “PSA process”.

[0047] An example of the alignment sustaining layers 34a
and 34b is described as to the structure with reference to FIG.
2. A SEM image shown in FIG. 2 is a result of a SEM
observation of a surface of the alignment sustaining layer.
Specifically, a sample of a liquid crystal display panel fabri-
cated as described above was disassembled, and thereafter,
the liquid crystal material was removed from the disas-
sembled sample. A surface of the alignment sustaining layer
of the resultant sample was then washed with a solvent and
observed by SEM.

[0048] As seen from FIG. 2, the alignment sustaining layer
contains particles of the photopolymerized material with the
particle size of 50 nm or less. The photopolymerized material
may not necessarily cover the entire surfaces of the alignment
films. The surfaces of the alignment films may be partially
exposed. The liquid crystal molecules aligned according to
electric fields generated in the liquid crystal layer are fixed by
the photopolymerized material, so that the alignment of the
liquid crystal molecules is sustained even in the absence of an
electric field. After the formation of the alignment sustaining
layers over the vertical alignment films, the alignment sus-
taining layers regulate the pretilt directions of the liquid crys-
tal molecules.

[0049] The presence of the alignment sustaining layers can
also be confirmed using a surface analysis method different
from SEM, such as AFM, SIMS, or the like.

[0050] [Liquid Crystal Compound Having Terphenyl Ring
System]
[0051] The present inventor found that, when the nematic

liquid crystal material contains a liquid crystal compound
having a terphenyl ring system (which refers to a para isomer
unless otherwise specified), the amount of the residual pho-
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topolymerizable compound is reduced, and reached the con-
cept of the technology disclosed herein. Note that the liquid
crystal compound having a terphenyl ring system is herein-
after referred to as “terphenyl liquid crystal compound”.
Hereinafter, the technology disclosed herein is described
below in details with experiment examples. Note that Patent
Document 4 discloses a nematic liquid crystal material of
negative dielectric anisotropy which contains a terphenyl lig-
uid crystal compound as an optional component, but does not
in the least disclose or suggest the knowledge described
below.

[0052] The relationship between the composition of the
nematic liquid crystal material and the residual monomer
ratio is described with reference to FIG. 3. Liquid crystal
material LC-1 used herein is a nematic liquid crystal material
whose dielectric anisotropy (A€) is zero. LC-2 to LC-4 are
mixtures of LC-1 (primary material) and different types of
liquid crystal compounds. Specifically, each of LC-2 to LC-4
contains L.C-1 and one type of the liquid crystal compounds in
the proportion of 15 mass %. LC-2 is a mixture of LC-1 and
terphenyl liquid crystal compound A. LC-3 is a mixture of
LC-1 and terphenyl liquid crystal compound B. LC-4 is a
mixture of LC-1 and an alkenyl liquid crystal compound.
[0053] Inliquid crystal materials L.C-1 to LC-4,0.3 mass %
of'a dimethacrylate monomer having a liquid crystal skeleton
was mixed as the photopolymerizable compound to prepare
liquid crystal materials for PSA. Note that a photoinitiator
was not used.

[0054] The resultant liquid crystal materials for PSA were
used to fabricate liquid crystal cells (cell gap: 3.25 um) which
were then irradiated with ultraviolet light (365 nm) of about
23 mW/cm? at about 400 mJ/cm?at 20° C.,30° C.,40° C., and
50° C. Thereafter, each of the liquid crystal cells was disas-
sembled, and a small amount of the liquid crystal material
was sampled. The sampled liquid crystal material was diluted
with acetone, and the residual monomer was quantified by a
gas chromatography/mass spectrometry (GC/MS) method. In
the graph shown in FIG. 3, the ordinate axis represents the
residual monomer ratio, which is indicative of the ratio of the
amount of the residual monomer to the initial monomer
amount in percentages. The abscissa axis represents the tem-
perature of the liquid crystal cell during ultraviolet irradia-
tion. Note that the present inventor experimentally confirmed
that the same results are obtained even when a diacrylate
monomer was used in substitution for the dimethacrylate
monomer.

[0055] As clearly seen from FIG. 3, the residual monomer
ratio of LC-4 which contains an alkenyl liquid crystal com-
pound is not largely different from that of LC-1 which is the
primary material of LC-4. On the other hand, LC-2 and LC-3,
each of which contains a terphenyl liquid crystal compound,
have smaller residual monomer ratios than that of LC-1. As
clearly understood from this, the terphenyl liquid crystal
compound specifically contributes to the reaction of the pho-
topolymerizable compound and produces the effect of
decreasing the amount of the residual monomer. This effect is
produced at substantially the same degree irrespective of the
type of the terphenyl liquid crystal compound (A or B). As
understood from FIG. 3, the effect achieved by mixing the
terphenyl liquid crystal compound becomes greater as the
temperature of ultraviolet irradiation increases.

[0056] Next, the result of an examination as to the relation-
ship between the content of the terphenyl liquid crystal com-
pound and the residual monomer ratio is described.
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[0057] FIG. 4 shows liquid crystal compounds which are
constituents of the nematic liquid crystal materials used in
experiments, the chemical structure formula, the composi-
tion, and the dielectric anisotropy (A€). Liquid crystal mate-
rial LC-5 does not contain a terphenyl liquid crystal com-
pound. Liquid crystal material LC-6 contains 1.0 mass % of
terphenyl liquid crystal compound A. Liquid crystal material
LC-7 contains 12 mass % of terphenyl liquid crystal com-
pound A and 2.5 mass % of terphenyl liquid crystal com-
pound B.

[0058] In four types of liquid crystal materials, LC-5 to
LC-7 shown in FIG. 4 and liquid crystal material LC-8 which
contains 21.0 mass % of terphenyl liquid crystal compound C,
0.3 mass % of a dimethacrylate monomer having a liquid
crystal skeleton was mixed as the photopolymerizable com-
pound to prepare liquid crystal materials for PSA. A photo-
initiator was not used. The resultant liquid crystal materials
for PSA were used to fabricate liquid crystal cells which were
then irradiated with ultraviolet light (365 nm) of about 23
mW/cm? at about 400 mJ/cm? at 20° C., 30° C., 40° C., and
50° C. Thereafter, each of the liquid crystal cells was disas-
sembled, and a small amount of the liquid crystal material
was sampled. The sampled liquid crystal material was diluted
with acetone, and the residual monomer was quantified by a
GC/MS method. In the graph shown in FIG. 5, the ordinate
axis represents the residual monomer ratio, which is indica-
tive of the ratio of the amount of the residual monomer to the
initial monomer amount in percentages. The abscissa axis
represents the content of the terphenyl liquid crystal com-
pound. Note that the present inventor experimentally con-
firmed that the same results are obtained even when a diacry-
late monomer was used in substitution for the dimethacrylate
monomer.

[0059] As clearly seen from FIG. 5, the residual monomer
ratio decreases as the content of the terphenyl liquid crystal
compound increases. It is also understood that only 1.0 mass
% of the terphenyl liquid crystal compound contained in the
material produces the effect of decreasing the amount of the
residual monomer. It is also understood from FIG. 5 that the
effect produced by mixing the terphenyl liquid crystal com-
pound in the material increases as the temperature of ultra-
violet irradiation increases. Further, LC-7 of FIG. 5 (terphe-
nyl liquid crystal compound A: 12 mass %, terphenyl liquid
crystal compound B: 2.5 mass %) and LC-2 (terpheny! liquid
crystal compound A: 15.0 mass %) and LC-3 (terphenyl lig-
uid crystal compound B: 15.0 mass %) of FIG. 3 result in
approximately equal residual monomer ratios. Thus, it is
understood that the residual monomer ratio does not depend
on the type of the liquid crystal compound other than the
terphenyl liquid crystal compound.

[0060] Next, the result of an examination as to the relation-
ship between the amount of the residual monomer and poly-
meric image sticking is described. The liquid crystal materi-
als used herein are LC-6 which contains 1.0 mass % of a
terphenyl liquid crystal compound (terphenyl liquid crystal
compound A), and LC-9 which does not contain a terphenyl
liquid crystal compound. FIG. 6 shows liquid crystal com-
pounds which are constituents of LC-9, the chemical struc-
ture formula, the composition, and the dielectric anisotropy
AE).

[0061] The mean molecular weights of the nematic liquid
crystal material examples used herein are substantially equal
to the molecular weight of the monomer, and therefore, the
values in mass % can be converted to values in mol % without
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changing the numerical figures. The values are sometimes
shown in mol % because the number of monomers remaining
in the liquid crystal material is recognized as a significant
factor behind the influences on the polymeric image sticking
and the voltage holding ratio.

[0062] First, 0.3 mass % of a dimethacrylate monomer
having a liquid crystal skeleton is mixed in LC-6 to prepare a
liquid crystal material for PSA. A photoinitiator was not used.
The resultant liquid crystal material for PSA was used to
fabricate a TF'T-based liquid crystal display panel. The verti-
cal alignment films used were JALS-204 manufactured by
ISR Corporation.

[0063] The TFT-based liquid crystal display panel was irra-
diated with ultraviolet light (365 nm, about 23 mW/cm?) at
about 35 J/cm? in the absence of an applied voltage across the
liquid crystal layer (the liquid crystal material for PSA). The
temperature of the liquid crystal display panel during ultra-
violet irradiation was 30° C. The resultant liquid crystal dis-
play panel was disassembled, and the residual monomer was
quantified by a GC/MS method in the same way as described
above. The results are shown in TABLE 1. The amount of the
residual monomer is shown in mass % (=mol %) relative to
the nematic liquid crystal material. The presence or absence
of application of a voltage for alignment of the liquid crystal
molecules does not affect the amount of the residual mono-
mer.

TABLE 1

Terpheny! Content Residual Monomer Amount

(mass %) (mass % or mol %)
LC-6 1.0 0.010
LC-9 0 0.022

[0064] As clearly seen from the results shown in TABLE 1,
with addition of only 1.0 mass % of a terphenyl liquid crystal
compound, the amount of the residual monomer which
remains in the TFT-based liquid crystal display panel after
ultraviolet irradiation at about 35 J/cm? can be reduced to
0.010 mass % (=0.010 mol %).

[0065] A fabricated liquid crystal cell was subjected to an
aging treatment. The aging treatment was carried out by acti-
vating the liquid crystal cell placed in a thermostat chamber at
60° C. to display a black and white checker pattern over a
backlight for a continuous period of 240 hours. After this
aging treatment, the liquid crystal cell was kept at rest in the
thermostat chamber at 60° C. for 240 hours in the absence of
an applied voltage across the liquid crystal layer so that the
electric charge was totally removed away. Thereafter, the
presence or absence of polymeric image sticking was evalu-
ated by checking the presence or absence of image sticking of
the checker pattern by naked eye observation in a dark room
environment in a state of display where the display across the
entire display surface was at a specific intermediate gray scale
level (solid display state). The state of display did not change
even when the potential of the counter electrode was changed.
With this evidence, it was confirmed as not being DC image
sticking.

[0066] The results of this evaluation showed that no poly-
meric image sticking was found in the liquid crystal display
panel fabricated using LC-6, whereas a polymeric image
sticking was found in the liquid crystal display panel fabri-
cated using LC-9.
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[0067] Next, to determine the amount of the residual mono-
mer which constitutes a threshold of polymeric image stick-
ing based on the results shown in TABLE 1, LC-7 was used to
fabricate samples of a TFT-based liquid crystal display panel
with different dosages of ultraviolet light (365 nm, about 23
mW/cm?), such that the samples contain different amounts of
the residual monomer. The temperature of the liquid crystal
display panel during ultraviolet irradiation was 30° C. The
vertical alignment films used were JALS-204 manufactured
by JSR Corporation. The TFT-based liquid crystal display
panel used had the pixel numerical aperture of 54% and
included an interlayer dielectric film between the pixel elec-
trode and the bus line whose ultraviolet transmittance was
about 80%. A plurality of samples were prepared for each
condition. Some of the samples were used for the quantifica-
tion of the amount of the residual monomer. The remaining
samples were used for the evaluation of polymeric image
sticking. The results are shown in TABLE 2.

TABLE 2

Sample No. A B C D

Residual Monomer Amount 0.048 0.022  0.014 0012
(mass % or mol %)
Polymeric Image Sticking X X O @)

[0068] It is understood from the results shown in TABLE 2
that, to prevent occurrence of polymeric image sticking, the
amount of the residual monomer need to be smaller than
0.015 mass % (=mol %). Also, as previously described, when
using LC-9 which does not contain a terphenyl liquid crystal
compound, the amount of the residual monomer can only be
reduced to 0.022 mass % even with ultraviolet irradiation of
35 J/em®. Therefore, it is understood that a large effect is
produced by adding a terphenyl liquid crystal compound to
the nematic liquid crystal material.

[0069] As described in the examples presented herein,
when 0.3 mass % of the photopolymerizable compound is
mixed in the nematic liquid crystal material, the content of the
terphenyl liquid crystal compound is preferably 1 mass % or
more. However, when the content of the photopolymerizable
compound is less than 0.3 mass %, the desired effects are
produced even if the content of the terphenyl liquid crystal
compound is less than 1 mass %. The content of the photo-
polymerizable compound which is mixed in the nematic lig-
uid crystal material is preferably not less than 0.10 mass %
and not more than 0.50 mass % relative to the nematic liquid
crystal material. If less than 0.10 mass %, the effect of sus-
taining the alignment of the liquid crystal molecules may not
be sufficiently produced. If more than 0.50 mass %, the
amount of the residual monomer may not be sufficiently
reduced.

[0070] Theupper limit of the content of the terphenyl liquid
crystal compound mixed in the nematic liquid crystal mate-
rial is not limited to a specific value. However, in terms of the
voltage holding ratio (VHR), it is preferably not more than 35
mass % and is more preferably 25 mass % or less.

[0071] The nematic liquid crystal materials which contain
the terphenyl liquid crystal compound in different propor-
tions, 14.5 mass % (LC-7), 25.0 mass %, 35.0 mass %, and
44.0 mass %, were used to fabricate liquid crystal cells (cell
gap: 3.25 um). A photopolymerizable monomer was not
added. The voltage holding ratio immediately after the fabri-
cation of the liquid crystal cells and the voltage holding ratio
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after the irradiation with ultraviolet light (365 nm) at 24 J/cm®
were measured. The measurement of the voltage holding ratio
was carried out by applying a rectangular wave with the
amplitude voltage of £5 V and the frequency of 30 Hz to the
liquid crystal cells kept at rest in the thermostat chamber at
70° C. The duration of the voltage application was 60 micro-
seconds. The integral value of the holding voltage for the
period of 16.7 milliseconds from the start of the voltage
application, which is represented in percentages relative to
that achieved under the condition where the holding voltage
was 5V, is referred to as the voltage holding ratio. The initial
values of the voltage holding ratio and the values of the
voltage holding ratio which were obtained after the ultraviolet
irradiation are shown in FIG. 7.

[0072] As understood from FIG. 7, the voltage holding
ratio decreases as the content of the terphenyl liquid crystal
compound increases. To secure the reliability in an actual use
environment, the required voltage holding ratio is 99.0% or
higher. In view of the results shown in FIG. 7, the content of
the terphenyl liquid crystal compound is preferably not more
than 35 mass % and is more preferably 25 mass % or less.

[0073] As described above, the terphenyl liquid crystal
compound contained in the nematic liquid crystal material
produces the effect of specifically increasing the efficiency
(reaction velocity) of a photopolymerization reaction (radical
reaction). As a result, in an end-product liquid crystal display
device, the content of the photopolymerizable compound
remaining in the liquid crystal layer relative to the nematic
liquid crystal material is less than 0.015 mol %. Further, the
UV dose need not to be increased, but rather can be decreased,
as compared with the conventional process. Thus, there are
advantages in terms of reliability and production cost.

INDUSTRIAL APPLICABILITY

[0074] The technology disclosed herein is preferably used
in liquid crystal display devices for use in mobile phones,
television sets, video game systems, various types of moni-
tors, etc.

May 24, 2012

1. A liquid crystal display device, comprising:

a liquid crystal layer containing a nematic liquid crystal

material;

a pair of electrodes opposing each other via the liquid

crystal layer;

a pair of alignment films respectively provided between the

pair of electrodes and the liquid crystal layer; and

an alignment sustaining layer formed of a photopolymer-

ized material on each of surfaces of the pair of alignment
films which are closer to the liquid crystal layer, the
alignment sustaining layer being configured to regulate
an alignment direction of a liquid crystal molecule of the
liquid crystal layer during the absence of an applied
voltage across the liquid crystal layer,

the nematic liquid crystal material contains a liquid crystal

compound having a terphenyl ring system as an indis-
pensable component, and

the liquid crystal layer further contains part of a photopo-

lymerizable compound which is a source material of the
photopolymerized material, a content of the photopoly-
merizable compound relative to the nematic liquid crys-
tal material being less than 0.015 mol %.

2. The liquid crystal display device of claim 1, wherein a
content of the liquid crystal compound having the terphenyl
ring system in the nematic liquid crystal material is in a range
of not less than 1 mol % and not more than 25 mol %.

3. The liquid crystal display device of claim 1, wherein the
photopolymerizable compound have two or more functional
groups.

4. The liquid crystal display device of claim 1, wherein the
photopolymerizable compound includes a diacrylate mono-
mer which has a liquid crystal skeleton or a dimethacrylate
monomer which has a liquid crystal skeleton.

5. The liquid crystal display device of claim 1, wherein the
pair of alignment sustaining layers include a particle of the
photopolymerized material which has a particle diameter of
50 nm or less.

6. The liquid crystal display device of claim 1, further
comprising a pair of polarizing plates placed in crossed
Nicols.
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