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LIQUID CRYSTAL HORIZONTAL
ORIENTATION AGENT, HORIZONTAL
ORIENTATION TYPE LIQUID CRYSTAL
COMPOSITION, AND HORIZONTAL
ORIENTATION TYPE LIQUID CRYSTAL
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

[0001] The present application claims the benefit of Japa-
nese Patent Application No. 2013-197897 filed in Japan on
Sep. 25, 2013, which is herein incorporated by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a liquid crystal dis-

play (LCD) device, and more particularly, to a liquid crystal
horizontal orientation agent, a horizontal orientation type
liquid crystal composition, and a horizontal orientation type
LCD device and a method of fabricating the same.

[0004] 2. Related Art

[0005] Since the LCD device has characteristics of low
driving voltage, low power consumption, light weight, and so
on, the LCD device is widely used for a display device of
watches, mobile phones, computers, televisions, and so on.
[0006] The L.CD device is driven in a twisted nematic (TN)
mode, a vertical alignment (VA) mode and an in-plane
switching (IPS) mode. Properties, e.g., a refractive index, a
dielectric constant, viscosity or a phase transition tempera-
ture, of the liquid crystal material are changed according to
the driving mode of the LCD device. To meet the properties,
the liquid crystal material includes at least two compounds.
Recently, the liquid crystal material including fine particles to
improve properties of the liquid crystal material is intro-
duced. See, for example, Japanese Patent Publication No.:
2005-247921, published on May 15, 2009.

[0007] TheLCD device requires an element controlling the
direction of the liquid crystal molecule. Generally, an orien-
tation layer is formed to control the direction of the liquid
crystal molecule. For example, in the TN and IPS mode of the
LCD device, the direction of the liquid crystal molecule is
controlled in a horizontal direction with respect to a substrate
by the rubbed orientation layer. On the other hand, in the VA
mode of the LCD device, which does not require a rubbing
process, the liquid crystal molecule is controlled in a vertical
direction with respect to the substrate by the orientation layer.
The term of “orientation layer” means a layer controlling an
arrangement state of the liquid crystal molecule. Generally,
the orientation layer is formed of a resin such as polyimide.
The term of “rubbing process” means a process of rubbing the
surface of the orientation layer along one direction by rotating
a roller, on which clothes, e.g., rayon or cotton, with a pre-
determined number of rotation and maintaining a pre-deter-
mined distance between the roller and the substrate.

[0008] However, there are various problems resulting from
the forming process of the orientation layer and the rubbing
process in the arrangement control of the liquid crystal mol-
ecule using the orientation layer. For example, in the forming
process of the orientation layer or the rubbing process, dusts
or pin-holes are generated such that the production yield is
decreased or the production costs. Such problems in the large
glass substrate are increased.

[0009] To control the arrangement of the liquid crystal mol-
ecule without the orientation layer, the liquid crystal compo-
sition including dendrimer as a liquid crystal orientation
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agent is introduced. See, for example, Japanese Patent Pub-
lication No.: 2010-170090, published Aug. 5, 2010. Since the
liquid crystal molecule is oriented in a vertical direction with
respect to the substrate by the liquid crystal orientation agent
introduced in the above Japanese Patent Publication, the lig-
uid crystal orientation agent is used for the VA mode LCD
device.

SUMMARY

[0010] Accordingly, the present invention is directed to a
liquid crystal horizontal orientation agent, a horizontal orien-
tation type liquid crystal composition, and a horizontal ori-
entation type LCD device and a method of fabricating the
same that substantially obviate one or more of the problems
due to limitations and disadvantages of the related art.
[0011] An object of the present invention is to provide a
liquid crystal horizontal orientation agent being capable of
horizontally arranging liquid crystal molecules without an
orientation layer.

[0012] Another object of the present invention is to provide
a horizontal orientation type liquid crystal composition
including a liquid crystal horizontal orientation agent.
[0013] Another object of the present invention is to provide
a horizontal orientation type LCD device including a hori-
zontal orientation type liquid crystal composition.

[0014] Another object of the present invention is to provide
a method of fabricating a horizontal orientation type LCD
device.

[0015] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. These and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0016] Inaccordance with the present invention, as embod-
ied and broadly described herein, the present invention pro-
vides a liquid crystal horizontal orientation agent including a
core; and a dendrimer including a dendron part linked with
the core.

[0017] In another aspect, the present invention provides a
horizontal orientation type liquid crystal composition includ-
ing a liquid crystal component; and a liquid crystal horizontal
orientation agent including: a core; and a dendrimer including
a dendron part linked with the core.

[0018] In another aspect, the present invention provides a
horizontal orientation type liquid crystal display device
including a first substrate including comb-shaped electrodes;
a second substrate facing the first substrate; and a liquid
crystal layer including a liquid crystal component and a liquid
crystal horizontal orientation agent, the liquid crystal hori-
zontal orientation agent including a core; and a dendrimer
including a dendron part linked with the core, wherein a
polarized UV ray is irradiated to the liquid crystal layer such
that a liquid crystal molecule in the liquid crystal layer is
horizontally oriented with respect to the first and second
substrates.

[0019] In another aspect, the present invention provides a
method of fabricating a horizontal orientation type liquid
crystal display device including forming comb-shaped elec-
trodes on a first substrate; attaching a second substrate with
the first substrate; forming a liquid crystal layer including a
liquid crystal component and a liquid crystal horizontal ori-
entation agent, the liquid crystal horizontal orientation agent
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including a core; and a dendrimer including a dendron part
linked with the core; and irradiating a polarized UV ray to the
liquid crystal layer.

[0020] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0022] FIG.1is a schematic cross-sectional view of an IPS
mode LCD device according to an embodiment of the present
invention.

[0023] FIG. 2 is a schematic cross-sectional view of an IPS
mode LCD device before irradiating a polarized UV ray
according to an embodiment of the present invention.

DETAILED DESCRIPTION

[0024] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.

First Embodiment

[0025] A liquid crystal horizontal orientation agent com-
prises a dendrimer including a core and a dendron part linked
with the core. The term of “core” preferably means a center
part of the dendrimer. The term of “dendron part” preferably
means a side chain part regularly branched from the core. The
term of “liquid crystal horizontal orientation agent” prefer-
ably means an additive being capable of controlling the ori-
entation of the liquid crystal molecule in a horizontal direc-
tion with respect to a substrate without an orientation layer.
The liquid crystal horizontal orientation agent is mixed to the
liquid crystal component used for a liquid crystal layer in the
conventional horizontally orientation type LCD device. The
term of “horizontally orientation type LCD device” prefer-
ably means an LCD device, where the liquid crystal molecule
is oriented and controlled in a horizontal direction with
respect to the substrate, e.g., an IPS mode LCD device.
[0026] The dendrimer used for the liquid crystal horizontal
orientation agent (hereinafter, “horizontal orientation agent™)
has an azo-group (—N—N—) in the dendron part.

[0027] Since the liquid crystal molecule in the liquid crystal
layer is uniaxially orientated in a horizontal direction with
respect to the substrate by irradiating a polarized UV ray to
the dendrimer, the dendrimer can be used as the horizontal
orientation agent. On the other hand, since the liquid crystal
molecule in the liquid crystal layer is uniaxially orientated in
a vertical direction with respect to the substrate by the den-
drimer without the polarized UV ray, the dendrimer can be
used as the vertical orientation agent. The change of the
orientation direction of the liquid crystal molecule with or
without the polarized UV ray may be resulted from the struc-
tural change of the dendron part according to cis-trans pho-
toisometrization. Namely, the dendron part of the dendrimer is
changed from a linear shape into a curved shape by the polar-
ized UV ray such that the liquid crystal molecule in the liquid
crystal layer can be uniaxially orientated in a horizontal direc-
tion with respect to the substrate.
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[0028] Since the orientation direction of the liquid crystal
molecule is controlled with or without the polarized UV ray to
the horizontal orientation agent of the present invention, the
change or cleaning of the material is not required in compari-
son to the related art method. In addition, the LCD devices
having different orientation modes are easily and quickly
fabricated.

[0029] It is preferred that the dendrimer used as the hori-
zontal orientation agent is compatible to the liquid crystal
component. Without the compatibility to the liquid crystal
component, the dendrimer may be precipitated such that uni-
form orientation control characteristic (horizontal orienta-
tion) is not provided. The term of “compatibility to the liquid
crystal component” preferably means that when the mixture
of the liquid crystal component and the dendrimer has an
isotropic state by heating the mixture in an oven beyond the
phase-transition temperature of the liquid crystal component,
the dendrimer is dissolved (namely, the liquid crystal com-
position including the liquid crystal component and the den-
drimer is transparent) and the precipitation of the dendrimer
is not generated in a room temperature (25° C.).

[0030] It is preferred that the dendrimer used as the hori-
zontal orientation agent includes at least one dendron part,
which is selected from a group consisting of alkyl, alkoxy and
fluorine, at an end of the dendrimer. The reason is that the
dendrimer has a good compatibility with a liquid crystal
mixture, which includes two or more liquid crystal compo-
nents, as well as a single-component cyano liquid crystal.
Particularly, the liquid crystal mixture, which is generally
used for the practical LCD device, is designed for impurities
to be difficult to dissolve in order to secure the reliability of
the LCD device, additives are scarcely dissolved. However,
the dendrimer has a good compatibility to the liquid crystal
mixture.

[0031] The core of the dendrimer, which is used as the
horizontal orientation agent, has following formula 1.

[Formula 1]

N—CH 37N

[0032] The dendron part of the dendrimer, which is used as
the horizontal orientation agent, has following formula 2.

[Formula 2]

—(—CHﬁa—N-(eCHZ-}b—N—RZ)
2

[0033] Inthe formula 2, each of “a” and “b” is an integer of
2 to 5, beneficially 2 to 4, and more beneficially 3. In the
formula 2, “R,” is represented by following formula 3.

[Formula 3]
o]

—6CH2ﬁ2—C—O—(—CHﬁC—A—N=N—B

[IPRI N

[0034] Inthe formula3, “c” is an integer of 3 to 12, benefi-
cially 4 to 10, and more beneficially 5 to 8. In the fornula 3,
“A” is one of following formulas.
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[0035] In the formula 3, “B” is one of following formulas.
R!
R1—<: :>— RI—( — R!
, R;::
[0036] In the above formulas, “R1”is C1 to C12 alkyl, C1

to C12 alkoxy or fluorine, beneficially C2 to C10 alkyl, C2 to
C10 alkoxy or fluorine, and more beneficially C3 to C8 alkyl,
C3 to C8 alkoxy or fluorine.

[0037] The dendrimer, which is used as the horizontal ori-
entation agent, can be synthesized by the common method
disclosed in various documents. A compound for the core and
a compound linked to the core to form the dendron part are
reacted in an organic solvent. In addition, to control a gen-
eration of the dendrimer, a branch side portion of the dendron
part may be already formed to the compound for the core.
[0038] For example, the dendrimer, which is used as the
horizontal orientation agent, may be synthesized by reacting
a multi-functional amine compound and an acrylic ester
derivative in an organic solvent.

[0039] For example, the multi-functional amine compound
may be one of polypropylene tetramine dendrimer generation
1.0 and polypropylene octaamine dendrimer generation 2.0.
DAB-Am-4 or DAB-Am-8, which are products of Aldrich
Co. Ltd, may be used for the multi-functional amine com-
pound. The multi-functional amine compound may be syn-
thesized from ethylenediamine and acrylonitrile as starting
materials.

[0040] Theacrylic ester derivative is selected depending on
the dendrimer. Forexample, for the dendrimer comprising the
core in the above formula 1 and the dendron part in the above
formula 2, the acrylic ester derivative in following formula 4
can be used.

[Formula 4]

=0

CH,=CH—C—0—<CH;7-A—N=N—2B8

[0041] In the formula 4, “A”, “B” and “c” meet the above
definitions, respectively.

[0042] The reaction ratio of the multi-functional amine
compound to the acrylic ester derivative is not limited. For
example, 1.0 to 3.0 mole acrylic ester derivative is used with
respect to 1 mol multi-functional amine compound. Benefi-
cially 1.1 to 1.5 mol acrylic ester derivative is used with
respect to 1 mol multi-functional amine compound.

[0043] The material for the organic solvent is not limited.
For example, halogenated hydrocarbon solvents, e.g., 1,2-
dichloroethane and chloroform, ketone solvents, e.g.,
acetone, methylethylketone, methyl isobuthyl ketone and
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cyclohexanone, cyclic-ester solvents, e.g., tetrahydrofuran
and dioxane, aromatic hydrocarbon solvents, e.g., toluene
and xylene, or aprotic polar solvent, e.g., N-methyl-2-pyroli-
done, N N-dimethylformamide and N,N-dimethylacetamide,
may be used. The organic solvents may be used singly or in
mixture of two or more.

[0044] Amount of the organic solvent is selected depending
on amount of the multi-functional amine compound or
amount of the acrylic ester derivative.

[0045] The reaction temperature is not limited. For
example, the reaction temperature may be -50to 150° C., and
more beneficially 25 to 80° C. When the reaction temperature
is below =50° C., the reaction rate may be remarkably low-
ered. When the reaction temperature is above 150° C., the
stability of the multi-functional amine compound or amount
of the acrylic ester derivative may be decreased.

[0046] The reaction time is not limited. For example, the
reaction time may be 2 to 200 hours, and more beneficially 48
to 100 hours. When the reaction time is below 2 hours, the
reaction may be insufficient. When the reaction time is above
200hours, it is not practical because of too long reaction time.
[0047] After completion of the reaction, the solvents are
removed to obtain the dendrimer product. In addition, a
refinement process may be further performed by adding poor
solvent, e.g., methanol, ethanol, isopropyl alcohol, hexane
and toluene, heating and removing an upper clear part.

Second Embodiment

[0048] A horizontal orientation liquid crystal composition
of the present invention (hereinafter, “liquid crystal compo-
sition”) comprises a liquid crystal component and the hori-
zontal orientation agent.

[0049] In the liquid crystal composition used for the liquid
crystal layer, cis-trans photoisomerization of the horizontal
orientation agent is generated by irradiating the UV ray. As a
result, the liquid crystal molecule is oriented along a horizon-
tal direction with respect to the substrate.

[0050] The horizontal orientation agent, i.e., dendrimer, is
positioned at an interface between the liquid crystal layer and
each of two substrates, by which the liquid crystal layer is
sandwiched, such that the same effect as the rubbed orienta-
tion layer is generated in the liquid crystal layer by the hori-
zontal orientation agent. As a result, the liquid crystal mol-
ecule in the liquid crystal layer is oriented along the
horizontal direction with respect to the substrate. Amount of
the horizontal orientation agent in the liquid crystal compo-
sition is controlled such that the horizontal orientation agent
is positioned at the interface. The amount of the horizontal
orientation agent depends on a surface area of the substrate.
For example, the amount of the horizontal orientation agent
with respect to the liquid crystal composition has a range of
0.01 to 50 weight %. When the amount of the horizontal
orientation agent is below 0.01 weight %, the reliability ofthe
orientation of the liquid crystal molecule is not secured.
When the amount of the horizontal orientation agent is above
50 weight %, the amount of the liquid crystal component is
too small such that the response time and the driving voltage
are increased.

[0051] The method of mixing the horizontal orientation
agent with the liquid crystal component is not limited. For
example, the horizontal orientation agent is added to the
liquid crystal component, and the horizontal orientation agent
and the liquid crystal component are mixed by using common
mixing units.
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[0052] The liquid crystal component for the liquid crystal
composition is not limited. The liquid crystal component may
be a liquid crystal mixture including two or more liquid
crystals. The liquid crystal mixture may include several liquid
crystals to meet desired properties, e.g., a refractive index, a
dielectric constant, viscosity or a phase transition tempera-
ture. For example, fluorine liquid crystal mixture or cyano
liquid erystal mixture may be used. Beneficially, the fluorine
liquid crystal mixture, which is widely used for the LCD
device, may be used. The term of “fluorine liquid crystal
mixture” preferably means a liquid crystal mixture including
at least one fluorine liquid crystal, and the term of “cyano
liquid crystal mixture” preferably means a liquid crystal mix-
ture including at least one cyano liquid crystal.

[0053] For example, the liquid crystal composition has a
liquid crystal property in a room temperature and a phase
transition temperature of 50 to 120° C. from a liquid crystal
phase to an isotropic phase or other phases.

[0054] When the liquid crystal composition is used for the
liquid crystal layer of the LCD device, the horizontal orien-
tation agent is positioned at an interface between the liquid
crystal layer and an element, which is adjacent to the liquid
crystal layer, the same effect as the rubbed orientation layer is
generated in the liquid crystal layer by the horizontal orien-
tation agent. Namely, the horizontal orientation effect of the
liquid crystal molecule is generated. As a result, the LCD
device using the liquid crystal composition does not require
the rubbed orientation layer.

Third Embodiment

[0055] A horizontal orientation type LCD device (herein-
after “LCD device” with respect to this embodiment) includes
the liquid crystal composition for the liquid crystal layer. In
the LCD device, the liquid crystal composition is formed
between two substrates, and a polarized UV ray is irradiated
to the liquid crystal composition. The explanation of the
liquid crystal composition is omitted.

[0056] The LCD device of the present invention will be
explained with an example of an IPS mode LCD device. The
LCD device of the present invention can include other ele-
ments of common LCD devices. The LCD device including
the liquid crystal composition does not require the rubbed
orientation layer. However, the LCD device may further
include the rubbed orientation layer. In this instance, the
orientation of the liquid crystal molecule is also controlled
without decrease of properties such as contrast ratio.

[0057] FIG.1is a schematic cross-sectional view of an IPS
mode LCD device according to an embodiment of the present
invention. The LCD device as shown includes first and second
substrates 1a and 15 and a liquid crystal layer 2 between the
firstand second substrates 1¢ and 1. For example, each of the
first and second substrates 1a and 15 may be the glass sub-
strate. On the first substrate 1a, a color filter layer 4 and an
overcoat layer 5 protecting the color filter layer 4 are sequen-
tially formed. On the second substrate 15, comb-shaped elec-
trodes 6 are formed. The liquid crystal layer 2 is directly
adjacent to the comb-shaped electrodes 6 and is sealed by a
seal pattern 7. Instead of the comb-shaped electrodes 6, a
fringe field switching (FFS) mode electrodes can be used.
See, for example, Japanese Patent Publication No. 2008-
51846, published Mar. 6, 2018. Most of the horizontal orien-
tation agent 8 in the liquid crystal layer 2 are positioned at the
interface between the liquid crystal layer 2 and an element,
1.e., the comb-shaped electrodes 6, being adjacent to the lig-
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uid crystal layer 2 such that the same effect as the rubbed
orientation layer is generated in the liquid crystal layer. As a
result, the liquid crystal molecule 3 in the liquid crystal layer
2 is oriented along the horizontal direction with respect to the
substrate 15. In the IPS mode LCD device, a horizontal elec-
tric field is generated by the comb-shaped electrodes 6, the
liquid crystal molecule 3 is rotated in a plane being parallel to
the first and second substrates 1a and 15.

[0058] The IPS mode LCD device can be fabricated as
follows.
[0059] First, the liquid crystal composition is provided as

the liquid crystal layer 2 between the first substrate 1a, on
which the color filter layer 4 and the overcoat layer 5 are
formed, and the second substrate 14, on which the comb-
shaped electrodes 6 are formed, and is sealed by the seal
pattern 7.

[0060] The method of providing the liquid crystal compo-
sition is not limited. For example, one drop filling (ODF)
method or a method using capillary phenomenon may be
used.

[0061] Intheliquid crystallayer2, as shownin FIG. 2, most
of the horizontal orientation agent § are positioned at the
interface between the liquid crystal layer 2 and the elements,
e.g., the overcoat layer 5, the second substrate 15 and the
comb-shaped electrodes 6, being adjacent to the liquid crystal
layer 2, such that the liquid crystal molecule 3 of the liquid
crystal layer 2 is oriented to be perpendicular to the substrate.
[0062] Next, the polarized UV ray is irradiated to the liquid
crystal composition between the first and second substrates
1a and 15.

[0063] Anirradiating method of the polarized UV ray is not
limited. For example, a high pressure mercury lamp or a metal
halide lamp may be used. A method of providing the polar-
ized UV light is not limited. For example, a non-polarized UV
ray may be irradiated to be inclined with respect to a surface
of the substrate or from a diagonal direction with respect to a
surface of the substrate to provide the polarized UV ray. See,
for example, Japanese Patent Publication No. 2006-18106,
published Jan. 19,2006. A method using a Glan-Tayler prism,
a method using a polarization film or a method using Brew-
ster’s angle of quartz-glass may be used.

[0064] The wavelength of the polarized UV ray is not lim-
ited within a range being capable of generating cis-trans
photoisomerization of the dendrimer. For example, the wave-
length of the polarized UV ray may be 200 to 380 nm, and
more beneficially 300 to 380 nm.

[0065] A peak intensity of the polarized UV ray is con-
trolled depending on a size of the LCD device. For example,
the peak intensity of the polarized UV may have a range of
100 to 500 mW/cm?2, beneficially 500 to 2000 mW/cm?2, and
more beneficially 1000 to 1500 mW/cm?2.

[0066] With the polarized UV ray irradiation, the structural
change according to cis-trans photoisomerization is genet-
ated in the horizontal orientation agent 8 of the liquid crystal
layer 2. As a result, as shown in FIG. 1, the liquid crystal
molecule 3 of the liquid crystal layer 2 is oriented along a
horizontal direction with respect to the substrate.

[0067] In the IPS mode LCD device of the present inven-
tion, the liquid crystal layer 2 can include the horizontal
orientation agent 8, and most of the horizontal orientation
agent 8 is positioned at the interface between the liquid crystal
layer 2 and adjacent elements to the liquid crystal layer 2. As
a result, the orientation of the liquid crystal molecule 3 is
controlled by the horizontal orientation agent 8. Namely, the
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horizontal orientation agent 8 is positioned at an upper sur-
face and a lower surface of the liquid crystal layer 2 such that
the same effect as the rubbed orientation layer is generated in
the liquid crystal layer by the horizontal orientation agent.
Accordingly, being different from the related art IPS mode
LCD device, the orientation of liquid crystal molecule 3 in the
IPS mode LCD device of the present invention can be con-
trolled without the rubbed orientation layer. In addition, with-
out the rubbed orientation layer, the liquid crystal layer 2 is
positioned in directly contact with the comb-shaped elec-
trodes 6, power loss is decreased such that the driving voltage
of the LCD device is reduced.

[0068] Inthe related art IPS mode L.CD device, 1) a coating
process polyimide (PI) on the substrate, ii) a pre-baking pro-
cess, iii) a post-baking process, iv) a rubbing process and v) a
cleaning process are required. The rubbing process and the
cleaning process can be omitted depending on a driving type
of the LCD device.

[0069] On the other hand, since the liquid crystal molecule
is oriented by a process of adding the horizontal orientation
agent and a process of irradiating the polarized UV ray, the
process of forming the orientation layer and the process of
rubbing the orientation layer are not required. Namely, since
the fabricating method of the LCD device of the present
invention does not require the above 1) to v) processes, the
fabricating process is simplified and the production costs is
reduced. In addition, since the problems of dusts or pin-holes
generated in the process of forming and rubbing the orienta-
tion layer is not generated, the production yield is increased.
[0070] <Dendrimer A Synthesis>

[0071] The dendrimer, where R, in the formula 2 is follow-
ing formula 5, is synthesized by following.

[Formula 5]

0]

II
C5H134©>7N=N4©>fo+CHﬁ6—O—C—6CHﬁZ—

Synthesis of
6-[4-(4-hexylphenyldiazenyl)phenoxyJhexanol

[0072] 4-(4-hexylphenyldiazenyl)phenol (5.0 g, 17.7
mmol), 6-bromohexanol (4.9 g, 18 mmol), potassium carbon-
ate (2.45 g, 17.7mmol) and ethanol (20 ml) were putinto and
were dissolved in 200 ml three-neck round flask. The solution
was heated and refluxed for 48 hours. After completion of
heating and refluxing, ethanol was removed under a reduced
pressure to obtain residue. The residue was dissolved in dieth-
yleter, and the solution was washed three times by water.
Anhydrous sodium sulfate was added in the solution to
remove moisture, and the resultant was distilled under a
reduced pressure to remove diethyleter and obtain residue.
The residue was re-crystallized using n-hexane such that the
compound of orange-colored spicule crystal was obtained.
(3.9 g, yield: 58%) The absorption properties in 3289 cm™"
(OH),2919 cm™" (C—H), 1473 cm™ (N—=N) and 1253 cm™*
(PhO—) are measured by IR.

Synthesis of
6-[4-(4-hexylphenyldiazenyl)phenoxy]hexylacrylate

[0073] 6-[4-(4-hexylphenyldiazenyl)phenoxy]hexanol
(3.5 g, 9.2 mmol), triethylamine (0.92 g, 9.2 mmol) and
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tetrahydrofuran (THF) (30 ml) were put into and dissolved in
100 ml three-neck round flask. The solution was cooled into
0° C. by ice. Acryloyl chloride (1.2 g, 14 mmol) was added
into the solution using a syringe and was stirred at a room
temperature for 24 hours. The obtained white solids were
filtered, and the filtered solution was concentrated under a
reduced pressure. The obtained residue was refined by a col-
umn chromatography with silica-gel and chloroform such
that yellow solid compound was obtained. (3.4 g, yield: 85%)
The absorption properties in 2935 cm™ (C—H), 1716 cm™
(C=0), 1473 cm™' (N=N) and 1261 cm™' (PhO—) are mea-
sured by IR. The elementary analysis of the yellow solid
compound is C,,H; N,O,. It is almost equal to simulation
result. (margin of error: 5%, simulation result—C:74.28%,
H:8.31%, N:6.42%, analysis result—C:74.48%, H:8.61%,
N:6.35%)

[0074] <Synthesis of Dendrimer A>

[0075] DAB-Am-8(0.39 g, 0.51 mmol), 6-[4-(4-hexylphe-
nyldiazenyl)phenoxy|hexylacrylate (4.9 g, 11 mmol) and
THF (20 ml) were put into 100 ml branch-flask and were
heated at 50° C. for 72 hours. After the solution was concen-
trated under a reduced pressure, the residue was dissolved in
some quantity THF and was added to hexane (40 ml). An
upper clear portion was removed by decantation, and the
precipitate material was obtained. The resultant was refined
by repeating twice the above processes such that orange-color
solid compound was obtained. (3.9 g, yield: 98%) The
absorption properties in 2931 cm™ (C—H), 1735 cm™
(C=0), 1457 cm™" (N=N) and 1253 cm™' (PhO—) are mea-
sured by IR. The elementary analysis of the orange-color
solid compound is C,,,Hg;,N,50.4,. It is almost equal to
simulation result. (margin of error: 5%, simulation result—
C:73.07%, H:8.73%, N:8.30%, analysis result—C:72.86%,
H:8.49%, N:8.40%) In the DSC results of the orange-color
solid compound, during heat-rising, the glass temperature
(Tg) is observed at -13° C., and the endothermic peaks are
observed at 33° C. and 83° C. During heat-falling, the exo-
thermic peaks are observed at 81° C. and 28° C., and Tg is
observed at -29° C.

[0076] <Dendrimer B Synthesis>

[0077] Thedendrimer, where R, in the formula 2 is follow-
ing formula 6, is synthesized by following.

[Formula 6]

0

I
c5H114<:>—©>—0—(—CH29?0—C—(—CH297

Synthesis of
6-[4-(trans-4-pentylcyclohexyl)phenoxy Jhexanol

[0078] 4-(trans-4-pentylcyclohexyl)phenoxyphenol (10 g,
41 mmol), 6-bromohexanol (8.8 g, 49 mmol), potassium car-
bonate (11 g, 80 mmol)and 2-buthanone (50 m1) were put into
200 ml branch-flask and were heated and refluxed for 60
hours. After completion of heating and refluxing, 2-butha-
none was removed under a reduced pressure to obtain residue.
The residue was dissolved in ethylacetate, and the solution
was washed three times by water. Anhydrous sodium sulfate
was added in the solution to remove moisture, and the result-
ant was distilled under a reduced pressure to remove ethylac-
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etate and obtain residue. The residue was re-crystallized
using n-hexane such that the white solid compound was
obtained. (6.2 g, yield: 44%) The absorption properties in
3340 cm™! (OH), 2922 cm™' (C—H) and 1245 cm™" (PhO—)
are measured by IR.

Synthesis of 6-[4-(trans-4-pentylcyclohexyl)phe-
noxy|hexylacrylate

[0079] 6-[4-(trans-4-pentyleyclohexyl)phenoxyhexanol
(6.0g, 17 mmol), triethylamine (2.2 g, 22 mmol) and THF (50
ml) were put into and dissolved in 200 ml three-neck round
flask. The solution was cooled into 0° C. by ice. Acryloyl
chloride (1.9 g, 21 mmol) was added into the solution using a
syringe and was stirred at a room temperature for 12 hours.
The obtained white solids were filtered, and the filtered solu-
tion was concentrated under a reduced pressure. The obtained
residue was dissolved in ethylacetate and was washed three
times by water. Anhydrous magnesium sulfate was added into
the organic phase solution to remove moisture and was con-
centrated under a reduced pressure. The residue was refined
by a column chromatography with silica-gel and hexane/
chloroform (volumetric ratio=50:1) such that non-colored
transparent liquid compound was obtained. (6.4 g, yield:
93%) The absorption properties in 2920 em™" (C—H), 1716
cm™' (C=0) and 1245 cm™" (PhO—) are measured by IR.
[0080] <Synthesis of Dendrimer B>

[0081] DAB-Am-8(0.16 g,0.21 mmol), 6-[4-(trans-4-pen-
tylcyclohexyl)phenoxyhexylacrylate (4.0 g, 10 mmol) and
THF (50 ml) were put into 20 ml branch-flask and were
heated at 50° C. for 72 hours. After the solution was concen-
trated under a reduced pressure, the residue was dissolved in
some quantity chloroform and was added to methanol (100
ml). An upper clear portion was removed by decantation, and
the precipitate material was obtained. The resultant was
refined by repeating twice the above processes such that
lemon yellow-color solid compound of paste state was
obtained. (0.45 g, yield: 30%) The absorption properties in
2921 em™* (C—H), 1736 cm™ (C=0) and 1247 cm™* (PhO—)
are measured by IR. The elementary analysis of the lemon-
yellow color solid compound is C,5H, 35N, ,0 4. It is almost
equal to simulation result. (margin of error: 5%, simulation
result—C:76.25%, H:10.33%, N:2.73%, analysis result—C:
76.09%, H:10.52%, N:2.80%) The measured molecular
weight of the lemon-yellow color solid compound by
MALDI-TOF-MS is closer to the simulation value
“m/Z=7181.2 (M+H)” than the theoretical value “m/Z=7183
(M+H). In the DSC results of the lemon-yellow color solid
compound, during heat-rising, the glass temperature (Tg) is
observed at —24° C., and the endothermic peaks are observed
at 14° C.and 73° C. During heat-falling, the exothermic peaks
are observed at 69° C. and 15° C., and Tg is observed at -26°
C.

Example

[0082] The dendrimer A and ZL1-4972 (p-type, Merk Co.
Ltd) as the fluorine liquid crystal mixture are put into the vial
and are mixed to form a liquid crystal composition. The
dendrimer A has a weight % of 1 with respect to the liquid
crystal composition.

[0083] The temperature of the liquid crystal composition is
kept on 110° C., and it is visually observed that the dendrimer
A is completely dissolved in the fluorine liquid crystal mix-
ture. In addition, after the liquid crystal composition is cooled
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into the room temperature, there is no phase separation or
precipitation of the dendrimer A.

[0084] The liquid crystal cell without the orientation layer
is fabricated using the liquid crystal composition as follows.
[0085] The comb-shaped electrodes of chrome (EHC Co.
Ltd product, a distance between electrodes is 10 um, and an
area of each electrode is 2 cm?) and a column spacer using a
material (JSR Co. Ltd product, model number is INPC-123-
V2, and a height of the column spacer is about 5 um) are
formed on a first glass substrate by patterning process using a
photolithography method. The first glass substrate is cleaned.
Next, a thermal curing type sealing material (Mitsubishi-
Chemical Co. Ltd product, model number is XN21-S) is
coated at edges except an injection hole of the first glass
substrate, and a second glass substrate, which is cleaned, is
disposed over the first glass substrate. The first and second
glass substrates are pressed using a spring type jig and heated
at 160° C. for 5 hours such that two substrates are attached.
Next, the liquid crystal composition is injected through the
injection hole by a capillary method, and the injection hole is
sealed by the UV adhesive (Threebond Co. Ltd product,
model number is 3027D). A cell gap of the liquid crystal cell
is about 5.2 pm.

[0086] When the polarizer is rotated in the crossed nicols
condition with a polarizing microscope, the liquid crystal cell
has the black state. Namely, in the liquid crystal cell, it is
observed that the liquid crystal molecule is vertically oriented
with respect to the first and second glass substrates.

[0087] Next, the non-polarized UV ray is irradiated to the
liquid crystal cell using the UV irradiator (Panasonic Co. Ltd
product, LED-SPOT type UV irradiator Aicure UJ30) with a
distance to the second glass substrate of 3 cm, an incident
angle of 30 degrees, an irradiation time of 30 to 60 second, a
peak intensity of 1290 mW/cm 2 and awavelength of 369 nm.
[0088] After irradiation of the UV ray, as the polarizer is
rotated in the crossed nicols condition with a polarizing
microscope, the liquid crystal cell is observed. The black and
white states are observed in each 45 degrees. Namely, in the
liquid crystal cell after irradiation of the UV ray, the liquid
crystal molecule is horizontally oriented with respect to the
first and second glass substrates.

[0089] <Comparison>

[0090] The liquid crystal composition is prepared by the
same method of the above Embodiment using the dendrimer
B instead of the dendrimer A.

[0091] Thetemperature of the liquid crystal composition is
kepton 110° C., and it is visually observed that the dendrimer
B is completely dissolved in the fluorine liquid crystal mix-
ture. In addition, after the liquid crystal composition is cooled
into the room temperature, there is no phase separation or
precipitation of the dendrimer B.

[0092] Next, the liquid crystal cell is prepared using the
same method of the above embodiment(s).

[0093] When the polarizer is rotated in the crossed nicols
condition with a polarizing microscope, the liquid crystal cell
has the black state. Namely, in the liquid crystal cell, it is
observed that the liquid crystal molecule is vertically oriented
with respect to the first and second glass substrates.

[0094] Next, the polarized UV ray is irradiated to the liquid
crystal cell using the same method of the above Embodiment.
After irradiation of the UV ray, as the polarizer is rotated in
the crossed nicols condition with a polarizing microscope, the
liquid crystal cell has a black state in any rotation angle.
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Namely, in the liquid crystal cell after irradiation of the UV
ray, the vertical orientation state of the liquid crystal molecule
is maintained.

[0095] Inthepresent invention, the liquid crystal horizontal
orientation agent being capable of arranging the liquid crystal
molecule in a horizontal direction with respect to the sub-
strate without the rubbed orientation layer is provided. In
addition, the horizontal orientation type liquid crystal com-
position, the horizontal orientation type LCD device and the
method of fabricating the horizontal orientation type LCD
device are provided.

[0096] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal horizontal orientation agent, compris-
ing:

acore; and
a dendrimer including a dendron part linked with the core.

2. The liquid crystal horizontal orientation agent according
to claim 1, wherein the dendron part includes at least one
compound selected from a group consisting of alkyl, alkoxy
and fluorine at an end of the dendron part.

3. The liquid crystal horizontal orientation agent according
to claim 1, wherein the core has a first formula of:

N—¢CH, 37N

and the dendron part has a second formula of:

—ﬁCHzﬁa—N-feCHﬁb—N—Rz)

2,

wherein each of “a” and “b” is an integer of 2 to 5, and R,
has a third formula of:

[¢]

—(—CH;-)Z—C—O—(-CHﬁC—A—N=N—B,

[Pt

wherein “c” is an integer of 3 to 12, and “A” is one of:
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and wherein “B” is one of:

R! <: :>

RI

R! < >
and

R!

R! ,

and “R17 is selected from C1 to C12 alkyl, C1 to C12 alkoxy
and fluorine.

4. A horizontal orientation type liquid crystal composition,
comprising:

a liquid crystal component; and

a liquid crystal horizontal orientation agent including:

a core; and
a dendrimer including a dendron part linked with the
core.

5. The horizontal orientation type liquid crystal composi-
tion according to claim 4, wherein the dendron part includes
at least one compound selected from a group consisting of
alkyl, alkoxy and fluorine at an end of the dendron part.

6. The horizontal orientation type liquid crystal composi-
tion according to claim 4, wherein the core has a first formula
of:

N—CH, —N

\

»

and the dendron part has a second formula of:
CH, N CH: N—R;
s NfeN ),

wherein each of “a” and “b” is an integer of 2 to 5, and R,
has a third formula of:

o]

—+CHy3—C—0—CH,3—A—N=N—B,
c

<90

wherein “c” is an integer of 3 to 12, and “A” is one of:

and wherein “B” is one of’
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-continued
Rl

R! ,
Rl

and “R17 is selected from C1 to C12 alkyl, C1 to C12 alkoxy
and fluorine.

7. The horizontal orientation type liquid crystal composi-
tion according to claim 4, wherein the liquid crystal horizon-
tal orientation agent has compatibility to the liquid crystal
component.

8. The horizontal orientation type liquid crystal composi-
tion according to claim 4, wherein the liquid crystal compo-
nent is a fluorine liquid crystal mixture.

9. A horizontal orientation type liquid crystal display
device, comprising:

a first substrate including comb-shaped electrodes;
a second substrate facing the first substrate; and

a liquid crystal layer including a liquid crystal component
and a liquid crystal horizontal orientation agent, the
liquid crystal horizontal orientation agent including a
core; and a dendrimer including a dendron part linked
with the core,

wherein a polarized UV ray is irradiated to the liquid crys-
tal layer such that a liquid crystal molecule in the liquid
crystal layer is horizontally oriented with respect to the
first and second substrates.

10. The horizontal orientation type liquid crystal display
device according to claim 9, wherein the dendron part
includes at least one compound selected from a group con-
sisting of alkyl, alkoxy and fluorine at an end of the dendron
part.

11. The horizontal orientation type liquid crystal display
device according to claim 9, wherein the core has a first
formula of:

N—CHr—N

and the dendron part has a second formula of:

—6CH2-)E—N—6€CHZ%—N—R2)

2

wherein each of “a” and “b” is an integer of 2 to 5, and R,
has a third formula of:

—t Q35— C—0—+CH7—A—N=N—B,
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< 90

wherein “c” is an integer of 3 to 12, and “A” is one of:

and wherein “B” is one of:

Rl

R! ,

R!

and “R1” is selected from C1 to C12 alkyl, C1 to C12 alkoxy
and fluorine.

12. The horizontal orientation type liquid crystal display
device according to claim 9, wherein the liquid crystal layer is
directly adjacent to the comb-shaped electrodes.

13. A method of fabricating a horizontal orientation type
liquid crystal display device, comprising:

forming comb-shaped electrodes on a first substrate;

attaching a second substrate with the first substrate;

forming a liquid crystal layer including a liquid crystal
component and a liquid crystal horizontal orientation
agent, the liquid crystal horizontal orientation agent
including a core, and a dendrimer including a dendron
part linked with the core; and

irradiating a polarized UV ray to the liquid crystal layer.

14. The method according to claim 13, wherein the den-
dron part includes at least one compound selected from a
group consisting of alkyl, alkoxy and fluorine at an end of the
dendron part.

15. The method according to claim 13, wherein the core has
a first formula of:

N—(—CHZ-)4—N\

and the dendron part has a second formula of:
—(—CHZ-)H—N—(-(-CHZ-)b—N—RZ )2,

wherein each of “a” and “b” is an integer of 2 to 5, and R,
has a third formula of:

o]

—tCHy3;—C—0—+CH3—A—N=N—B,
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[Pt

wherein “c” is an integer of 3 to 12, and “A” is one of:

and wherein “B” is one of’

Rl

R! ,
Rl

and “R1” is selected from C1 to C12 alkyl, C1 to C12 alkoxy
and fluorine.

16. The method according to claim 13, wherein the liquid
crystal layer is directly adjacent to the comb-shaped elec-
trodes.



RiES

[ i (S RIR) A ()

RE(EFR)AGE)

HA R E(FRR)AGE)

FRI&R BB A

KRN

IPCH %S

CPCH¥S

L 5E4X
H AT SR
S\EREERE

BEX)

REARGREKFREN , K FPREARRRFASY , KFEEELCD
FENHEKFIMEOELCOEENSE, E—IREART , REDF
B R &K FE @A KFERE MR A ERREE,

patsnap

REKFEREF , K FREAERRASWANKFREOERSE REEREHES

US20150085241A1 NI (»&E)B

US14/492676 RiEH

FEERERNT
B ARZFEAUFARE

LG DISPLAY CO. , LTD.
LR

LR
LG DISPLAY CO. , LTD.

YUICHI MOMOI

KWAK MU SUN
TOMONORI KODA
KOICHIRO YONETAKE
OSAMU HABA

YUICHI, MOMOI
KWAK, MU-SUN
TOMONORI, KODA
KOICHIRO, YONETAKE
OSAMU, HABA

GO02F1/1337 C08G83/00 C09K19/56

2015-03-26

2014-09-22

G02F1/133788 C08G83/003 CO9K19/56 C09K2019/0418 Y10T428/10 Y10T428/1005 GO2F1/13 GO2F1

/133711 G02F2001/133738
2013197897 2013-09-25 JP
uUS9547198

Espacenet USPTO

RS R

PRSRSS

R QPSS

Qﬁ; ‘\ﬁ e :
Lz

&



https://share-analytics.zhihuiya.com/view/84468b2b-5967-4580-9a99-8f07c70b7d1e
https://worldwide.espacenet.com/patent/search/family/051582296/publication/US2015085241A1?q=US2015085241A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150085241%22.PGNR.&OS=DN/20150085241&RS=DN/20150085241

