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(57) Abstract: A liquid crystal composition for forming a polymer/liquid crystal composite in which disorder of an orientation state
is reduced is provided. The liquid crystal composition includes a liquid crystal material exhibiting a blue phase and a liquid crystal -
line monomer represented by the following general formula (G1). Note that the liquid crystal composition may include a non-liquid-
crystalline monomer and a polymerization initiator. In the general formula (G1), X represents a mesogenic skeleton; and Y, and Y,
individually represent an alkylene group having a sum of carbon atoms and/or oxygen atoms of 1 to 20. Also in the general formula
(G1), the alkylene group and the alkyl group may include a carbonyl group and may have an ether bond. In addition, the carbonyl
group and the ether bond may form an ester structure. In the general formula (G1), Z; and Z, individually represent an acryloyl
group or a methacryloyl group.
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DESCRIPTION

LIQUID CRYSTAL COMPOSITION, POLYMER/LIQUID CRYSTAL
COMPOSITE, LIQUID CRYSTAL ELEMENT, AND LIQUID CRYSTAL
DISPLAY DEVICE

TECHNICAL FIELD
[0001]

The present invention relates to a liquid crystal composition that realizes a
polymer-stabilized blue phase, a polymer/liquid crystal composite which is obtained by
polymer stabilization of the liquid crystal composition, a liquid crystal element, and a

liquid crystal display device.

BACKGROUND ART
[0002]

In recent years, flat panel displays have been put to practical use and have been
substituted for conventional displays using cathode-ray tubes. The flat panel displays
include liquid crystal display devices which have liquid crystal display elements, EL .
display devices which have electro-luminescent elements (EL elements), plasma
displays, and the like, and they come into competition in the market. At present, liquid
crystal display devices establish a position of superiority by overcoming disadvantages
and suppressing production cost with use of a variety of techniques.

[0003]
The above-described liquid crystal display devices, however, are inferior to the

other flat panel displays in a response speed of an element (a speed of switching the

- display). Various techniques for overcoming the disadvantage in a response speed

have been proposed so far. A conventional liquid crystal element which employs a
driving method of a liquid crystal called a twisted nematic (TN) mode has a response
speed of approximately 10 ms, whereas a liquid crystal element which employs an
optical compensated bend (OCB) mode or a ferroelectric liquid crystal (FLC) mode has
realized an improved response speed of approximately 1 ms.

[0004]
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Another technique which attracts as much attention as these two driving
methods of a liquid crystal applies a state called a blue phase to a liquid crystal display
element (see Patent Document 1 for example). The blue phase is a liquid crystal phase
which appears between a cholesteric phase and an isotropic phase, and has a
characteristic of an extremely high response speed. With use of this blue phase, the
response time of a liquid crystal display device can be 1 ms or shorter.

[0005]

It has been reported that although a blue phase has a feature of a narrow
temperature range of several Celsius degrees in which the orientation state can be
maintained, the temperature range where a blue phase appears can be improved by using
a polymer/liquid crystal composite that is obtained by the polymerization of a liquid
crystal composition containing a liquid crystal material exhibiting a blue phase and a
polymerizable monomer (for example, see Patent Document 2).

[Reference]

[0006]

[Patent Document 1] PCT International Publication No. W02005/090520
[Patent Document 2] Japanese Published Patent Application No. 2003-327966

DISCLOSURE OF INVENTION
[0007] |

However, when the liquid crystal composition contéining the liquid crystal
material exhibiting a blue phase and a polymerizable monomer is polymerized by
polymer stabilization treatment in order to obtain a polymer/liquid crystal composite, it
has been confirmed that the orientation state of the blue phase cannot be maintained in
some cases. The disorder of the orientation state causes a defect of a liquid crystal
element utilizing a polymer-stabilized blue phase of the polymer/liquid crystal
composite or a defect of a display panel using the liquid crystal element such as a liquid
crystal panel, which leads to reduction in yield or the like. In view of the above
problem, an object of one embodiment of the present invention disclosed is to provide a
liquid crystal composition with which disorder of an orientation state of a blue phase of
a polymer/liquid crystal composite can be reduced. In order to reduce disorder of an

orientation state of the blue phase of the polymer/liquid crystal composite, another
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object is to provide a liquid crystal composition that can be subjected to polymer
stabilization treatment in a wider temperature range. By the polymer stabilization
treatment, a polymer/liquid crystal composite with a wide blue phase appearance
temperature range is obtained. Another object is to provide a liquid crystal element
containing a polymer/liquid crystal composite obtained by polymerization of the liquid
crystal composition.  Another object is to decrease driving voltage of the liquid crystal
element. Another object is to provide a liquid crystal display device including a
polymer/liquid crystal composite obtained by polymerization of the liquid crystal
composition. Another object is to decrease driving voltage of a liquid crystal display
device manufactured using the liquid crystal element. Another object is to provide a
novel material contained in the liquid crystal composition.
[0008]

One embodiment of the present invention is a liquid crystal composition
including a liquid crystal material exhibiting a blue phase and av liquid crystalline
monomer represented by the following general fbrmula (G1). Note that the liquid

crystal composition may include a non-liquid-crystalline monomer and a polymerization

Z1—Y1‘®'Y2‘_Zz (G1)

In the general formula (G1), X represents a mesogenic skeleton; and Y; and Y,

initiator.

[0009]

individually represent an alkylene group having a sum of carbon atoms and/or oxygen
atoms of 1 to 20. The length of the alkylene group is a length that enables the liquid
crystallinity to be maintained and does not decrease the compatibility with the liquid
crystal material exhibitiﬁg a blue phase. The alkylene group may include an alkyl
group as a side chain. In addition, the alkylene group and the alkyl group may include
a carbonyl group and may have an ether bond. In addition, the carbonyl group and the
ether bond may form an ester structure. In the general formula (G1), Z; and Z,
individually represent an acryloyl group or a methacryloyl group.

[0010]

Note that in the above structure, Y; and Y, in the general formula (G1)
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individually represent an alkylene group having an odd number of carbon atoms and/or
oxygen atoms in total.
[0011]

Another embodiment of the present invention is a liquid crystal composition
containing a liquid crystal material exhibiting a blue phase, a liquid crystalline monomer
represented by the following general formula (G1-1), a non-liquid-crystalline monomer,

and a polymerization initiator.

R! ‘
a 2‘@%0—@0@2 %« @)

O.RZ

[0012]

In the general formula (G1-1), X; represents a mesogenic skeleton; and R! and
R’ individually represent any one of hydrogen and a methyl group. In the general
formula (G1-1), n and m are individually any one of 1 to 19 which enable the liquid
érystallinity to be maintained and does not decrease the compatibility with the liquid
ciystal material exhibiting a blue phase.h | |
[0013]

Note that in the above structure, X; in the general formula (G1-1) is represented

by any one of the following structural formulae (s11) to (s18).
[0014]

R” R® O '
A e ULE

(s12)

~ oy
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[0015]

Note that R? to R® in the structural formula (s11), R7 to R in the structural
formula (s12), R" to R' in the structural formula (s13), and R" to R™ in the structural

5  formula (s15) individually represent any one of hydrogen, a methyl group, and fluorine.

[0016] |

In the above structure, the liquid crystalline monomer represented by the
general formula (G1) or the general formula (G1-1) is shown by the following structural

formula (104).
10  [0017]
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(104)
[0018]
In the above structure, the liquid crystalline monomer represented by the
general formula (G1) is shown by the following structural formula (102).

[0019]

(102)
[0020]

In the liquid crystal composition that is one embodiment of the present
invention, the liquid crystalline monomer in the general formula (G1) or the general
formula (G1-1) has an alkylene group with a length (the sum of oxygen atoms and/or
carbon atoms) of 1 to 20 that enables the liquid crystallinity to be maintained and does
not decrease the compatibility with the liquid cry.stal material exhibiting a blue phase,
whereby during polymer stabilization treatment (polymerization treatment), molecular
interaction between the mesogenic skeletons each represented by X can be suppressed
and phase separation can easily occur in the liquid crystal composition. Therefore, the
temperature range of polymer stabilization treatment for obtaining the polymer/liquid
crystal composite with a wide blue phase appearance temperature range can be widened.
As the result, disorder of an orientation state of the polymer/liquid crystal composite
exhibiting a polymer-stabilized blue phase can be reduced. Note that the present
invention includes the case where the length of an alkylene group (the sum of oxygen
atoms and/or carbon atoms) is larger than the length of the above range, as long as the
length of an alkylene group enables the liquid crystallinity to be maintained and does
not decrease the compatibility with the liquid crystal material exhibiting a blue phase.

Note that "a liquid crystal composition exhibiting a blue phase" in this specification
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refers to a liquid crystal composition which has an optical modulation effect and in
which liquid crystal is optically isotropic when no voltage is applied, whereas the

orientation state is changed and thus the liquid crystal becomes optically anisotropic by

- voltage application.

[0021]

In the above structure, as the liquid crystal material exhibiting a blue phase
contained in the liquid crystal composition, there are a nematic liquid crystal compound
and a smectic liquid crystal compound, and the nematic liquid crystal compound is
preferred. Note that the nematic liquid crystal compound is not particularly limited,
and examples thereof are a biphenyl-based compound, a terphenyl-based compound, a
phenylcyclohexyl-based compound, a biphenylcyclohexyl-based compound, a
phenylbicyclohexyl-based compound, a benzoic acid phenyl-based compound, a
cyclohexyl benzoic acid phenyl-based compound, a phenyl benzoic acid phenyl-based
compound, a bicyclohexyl carboxylic acid pheﬂyl-based compound, an
azomethine-based compound, an azo and azoxy based compound, a stilbene-based
compound, a bicyclohexyl-based compound, a phenylpyrimidine-based compound, a
biphenylpyrimidine-based compound, and a pyrimidine-based compound.

[0022] _

In the above structure, as a non-liquid-crystalline monomer contained in the

liquid crystal composition, a monomer includihg a polymerizable group such as an

acryloyl group, a methacryloyl group, a vinyl group, an epoxy group, a fumarate group,

-or a cinnamoyl group in a molecular structure is given, for example.

[0023] |

In the above structure, examples of a polymerization initiator included in the
liquid crystal composition are acetophenone, benzophenone, benzoin, benzil, Michler's
ketone, benzoin alkyl ether, benzyl dimethylketal, and thioxanthone.

[0024]

Another embodiment of the present invention is a polymer/liquid crystal
composite formed with use of a liquid crystal composition including a liquid crystal
material exhibiting a blue phase and a liquid crystalline monomer. Note that the liquid
crystal composition may include a non-liquid-crystalline monomer and a polymerization

initiator.
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[0025]

Another embodiment of the present invention is a liquid crystal element formed
with use of a liquid crystal composition including a liquid crystal material exhibiting a
blue phase and a liquid crystalline monomer. Note that the liquid crystal composition
may include a non-liquid-crystalline monomer and a polymerization initiator.

[0026]

Another embodiment of the present invention is a liquid crystal element
including a polymer/liquid crystal composite formed by polymerizing a liquid crystal
composition including a liquid crystal material exhibiting a blue phase and a liquid
crystalline monomer. Note that the liquid crystal composition may include a
non-liquid-crystalline monomer and a polymerization initiator.

[0027]

Another embodiment of the present invention is a liquid crystal display device
formed with use of a liquid crystal composition including a liquid crystal material
exhibiting a blue phase and a liquid crystalline monomer. Note that the liquid crystal
composition may include a non-liquid-crystalline monomer and a polymerization
initiator.

[0028]

Another embodiment of the present invention is a liquid crystal display device

| ihcluding a polymer/liquid crystal composite formed by polymerizing a liquid crystal

composition including a liquid crystal material exhibiting a blue phase and a liquid
crystalline monomer. Note that the liquid crystal composition may include a
non-liquid-crystalline monomer and a polymerization initiator.

[0029]

With use of the liquid crystal composition that is one embodiment of the
present invention, the temperature range of polymer stabilization treatment for obtaining
the polymer/liquid crystal composite with a wider blue phase appearance temperature
range can be widened. As the result, disorder of an orientation state of the
polymer/liquid crystal composite exhibiting a polymer-stabilized blue phase can be
reduced. Therefore, the yield of a liquid crystal element and a liquid crystal display
device which utilize the polymer-stabilized blue phase of such a liquid crystal

composition can be improved. The use of the liquid crystal composition which is one



10

15

20

25

30

WO 2012/074081 ‘ 9 PCT/JP2011/077881

embodiment of the present invention can also decrease the driving voltage of the liquid
crystal element, which leads to decrease in driving voltage of the liquid crystal display
device. A novel material can be provided as a liquid crystalline monomer contained in

the liquid crystal composition. -

BRIEF DESCRIPTION OF DRAWINGS
[0030]

In the accompanying drawings:

FIGS. 1A and 1B illustrate a liquid crystalline monomer;

FIG. 2 illustrates one mode of a liquid crystal element;

FIGS. 3A and 3B illustrate one mode of a liquid crystal display device;

FIGS. 4A1, 4A2, and 4B illustrate modes of liquid crystal display devices;

FIGS. 5A and 5B illustrate an application example of a liquid crystal display
device; _ '

FIGS. 6A to 6F illustrate application examples of liquid crystal display devices;

FIG. 7 shows an NMR chart of RM-O7 (abbreviation);

FIGS. 8A and 8B show NMR charts of the RM-O7 (abbreviation);

FIG. 9 shows an absorption spectrum of the RM-O7 (abbreviation);

FIG. 10 shows a temperature range where polymer stabilization treatment
described in Example 1 can be performed,

FIG. 11 shows voltage-transmittance characteristics of light-emitting elements
described in Example 3;

FIG. 12 shows a temperature range where polymer stabilization treatment
described in Example 4 can be performed,;

FIGS. 13A to 13D are photpgraphs of orientation states of liquid crystal
elements formed in Example 1; and

FIGS. 14A to 14D are photpgraphs of orientation states of liquid crystal

elements formed in Example 4.

BEST MODE FOR CARRYING OUT THE INVENTION
[0031]

Hereinafter, embodiments of the present invention will be described with
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reference td the drawings. Note that the present invention is not limited to the
description given below, and modes and details of the present invention can be modified
in various ways without departing from the spirit and scope of the present invention.
Therefore, the present invention should not be construed as being limited to the
description in the following embodiments.

[0032]

Note that liquid crystal display devices in this specification refer to image
display devices, display devices, and light sources (including lighting devices). Further,
the liquid crystal display devices include any of the following modules in its category: a
module to which a connector such as an FPC (flexible printed circuit), TAB (tape
automated bonding) tape, or a TCP (tape carrier package) is attached; a module having
TAB tape or a TCP which is provided with a printed wiring board at the end thereof; and
a module having an IC (integrated circuit) directly mounted on a substrate provided with
a display element by a COG (chip on glass) method.

[0033]
(Embodiment 1)

In this embodiment, a liquid crystal composition exhibiting a blue phase, and a
polymer/liquid crystal composite ~ obtained by polymer stabilization treatment
(polymerization treatment) of the liquid crystal composition are described.

[0034]

The liquid crystal composition described in this embodiment includes a liquid
crystal material exhibiting a blue phase, a liquid crystalline monomer, a
non-liquid-crystalline monomer, and a polymerization initiator.

[0035] |

The liquid crystal material exhibiting a blue phase refers to a liquid crystal
material capable of exhibiting a so-called blue phase that substantially does not scatter
light and is optically isotropic. As the liquid crystal material exhibiting a blue phase

contained in the liquid crystal composition, there are a nematic liquid crystal compound

‘and a smectic liquid crystal compound, and the nematic liquid crystal compound is

preferred. Note that the nematic liquid crystal compound is not particularly limited,
and examples thereof are a biphenyl-based compound, a terphenyl-based compound, a

phenylcyclohexyl-based compound, a biphenylcyclohexyl-based compound, a
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phenylbicyclohexyl-based compound, a benzoic acid phenyl-based compound, a
cyclohexyl benzoic acid phenyl-based compound, a phenyl benzoic acid phenyl-based
compound, a bicyclohexyl carboxylic acid phenyl-based compound, an
azomethine-based compound, an azo and azoxy based compound, a stilbene-based
compound, a bicyclohexyl-based compound, a phenylpyrimidine-based compound, a
biphenylpyrimidine-based compound, a pyrimidine-based compound, a biphenyl
ethyne-based compound.

[0036]

The liquid crystalline monomer has a liquid crystallinity and is a monomer that
can be polymerized by photopolymerization or thermopolymerization, for example.
Specifically, the liquid crystalline monomer has a mesogenic skeleton 101, an alkylene
group 102, and an alkylene group 103 as shown in FIG. 1a. Note that a mesogenic
skeleton in this specification refers to a highly rigid unit having two or more rings such
as aromatic rings. In FIG. 1a, the chain length of the alkylene group 102 is denoted by
I.1, and the chain length of the alkylene group 103 is denoted by r,,. Note that the
alkylene group 102 and the alkylene group 103 may be the same or different.

[0037]

A polymer obtained by polymerization of the liquid crystalline monomer shown
in FIG. 1a has a structure shown in FIG. 1b, for example. Accordingly, when a liquid
crystalline monomer 100a is polymerized with a liquid crystalline monomer 100b, the
length (distance) between a mesogenic skeleton 101a of the liquid crystalline monomer
100a and a mesogenic skeleton 101b of the liquid crystalline monomer 100b is
represented by 1, (= I; + Ip1).

[0038]

Note that in one embodiment of the present invention, when polymer
stabilization treatment (polymerization treatment) of the liquid crystal composition is
performed, the length (r,) between mesogenic skeletons of liquid crystalline monomers
contained in the liquid crystal composition preferably lies in a certain range. In the
case where a side chain of a liquid crystalline monomer is longer, the viscosity of the
liquid crystal composition decreases and thus phase separation in the liquid crystal
composition more easily occurs. Further, in a polymerization process of polymer

stabilization treatment (polymerization treatment), when the length (r,) between
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mesogenic skeletons is too short, the viscosity in the polymerization of the liquid
crystalline monomer increases due to molecular interaction between mesogenic
skeletons and thus the phase separation is less likely to occur, so that it becomes difficult
to perform polymer stabilization. On the other hand, when the length (r,) between
mesogenic skeletons that are polymerized is too large, a problem of the decrease in the
compatibility with a liquid crystal material occurs, for example.

{0039]

Thus, by making the length (r;) between mesogenic skeletons lie in a certain
range, phase separation in the liquid crystal composition becomes easy to occur, so that
the temperature range of polymer stabilization treatment for obtaining the
polymer/liquid crystal composite with a wide blue phase appearance temperature range
can be widened. As the result, disorder of an orientation state of the polymer/liquid
crystal composite exhibiting a polymer-stabilized blue phase can be reduced. Note that
the structures of the alkylene groups 102 and 103 in FIG. 1a may be the same or
different. |
[0040]

The molecular interaction between the mesogenic skeletons is influenced by the
length (r;) between mesogenic skeletons; therefore, the liquid crystalline monomer
according to one embodiment of the present invention by which the length (r,) between

mesogenic skeletons can lie in a certain range is represented by the following general

formula (G1).
Z1~Y1®Y2_22 (G1)

[0041]
[0042]

In the general formula (G1), X represents a mesogenic skeleton; and Y; and Y,
individually represent an alkylene group whose chain length (the sum of carbon atoms
and/or oxygen atoms) is 1 to 20. The length of the alkylene group is a length that
enables the liquid crystallinity to be maintained and does not decrease the compatibility
with the liquid crystal material exhibiting a blue phase. The alkylene group may

include an alkyl group as a side chain. In addition, the alkylene group and the alkyl
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group may include a carbonyl group and may have an ether bond. In addition, the
carbonyl group and the ether bond may form an ester structure. In the general formula
(G1), Z, and Z; individually represent an acryloyl group or a methacryloyl group.

[0043]

5 Note that it is preferable that Y, and Y, in the general formula (G1) be
individually an alkylene group whose chain length (the sum of oxygen atoms and/or
carbon atoms) is an odd number.

[0044]
As examples of a structure represented by X in the general formula (G1),
10  specifically, the following structural formulae (s1) to (s8) are given.

[0045)

I?
9
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[0046]
' Note that (Y) in the structural formulae (s1) to (s8) represents a binding site
with‘ Y; or Y, in the general formula (G1). In addition, R? to R® in the structural
5 formula (s1), R to R'® in the structural formula (s2), and R to R in the structural
formula (s3) individually represent any one of hydrogen, a methy! group, and fluorine.
[0047]
As a structure represented by Y; or Y» in the general formula (G1), specifically,
the following structural formulae (t1) to (t48), and the like are given.

10 [0048]
(Z)/\O/(X) (t1) O~-X (t10)

' (Z)/\/(X) (t11)
(2) ~ "o X)  (t2)

D~ X) (112

2~ (t13)
D~y ™ (1)

D~~~ X) (114)
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@~ O~y (136)
@O X) (t38)
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X e X (t33) (2 \/\O/'\/o\/\ o X (t40)

0
(Z)\/\"/\/\/\O/(X) (t34) @ 0O X (t41)
0
(Z)/\/\”/\/\/\O/ (X) (t35)
0
Hzc/CHS CHg, }
2 o™ (142) (Z)/ko/ (X) (146)

CHa @Y 0T 47
) V\o/ ) (43) CH, (t47)

(Z)W\O/ (X) (t44) , (Z)/\/Y\O/ X) (t48)

.0
HaC™® HsC

[0050]

Note that (X) in the structural formulae (t1) to (t48) represents a binding site
with X in the general formula (G1), and (Z) in the structural formulae (t1) to (t48)

5 represents a binding site with Z; or Z, in the general formula (G1). In the alkylene

group represented by the structural formulae (t1) to (t48), (Z) may be bonded to the site
indicated by (X), and (X)' may be bonded to the site indicated by (Z).
[0051]

As a structure represented by Z; or Z; in the general formula (G1), specifically,

10  the following structural formulae (ul), (u2), and the like are given.

[0052]
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O \/‘k O/
. CH 3 )
(u1) (u2)

[0053]
The liquid crystalline monomer according to one embodiment of the present
invention may have a structure represented by the following general formula (G1-1).

[0054]

=
)4§———Lgao———<::::::>F—O4gﬂ————o G1-1
i . O)_(Rz (G1-1)
[0055]
In the general formula (G1-1), X, represents a mesogenic skeleton; and R and
R’ individually represent any one of hydrogen and a methyl group. In the general
formula (G1-1), n and m are individually any one of 1 to 19 which enable the liquid
crystallinity to be maintained and does not decrease the compatibility with the liquid
crystal material exhibiting a blue phase. '
[0056]
As a structure represented by X in the general formula (G1-1), specifically, the

following structural formulae (s11) to (s18), and the like are given.

[0057]
RR R* O z:::
i::: 0 é/ \$ o]
O R° RS

1) Rl R® Q o
Lo Oy




WO 2012/074081 18 PCT/JP2011/077881

R

11 R12 9) :
. ey
O R® RM“ (s13) °

Ri& R (s14)
R‘S@—o
e e
(s15) o

(s16)

040

(s17)

O

0
. OO o)
, )
(s18)

[0058]
Note that R? to R® in the structural formula (s11), R” to R in the structural
formula (s12), R" to R' in the structural formula (s13), and R" to R"® in the structural
5  formula (s15) individually represent any one of hydrogen, a methyl! group, and fluorine.

[0059]
As specific examples of the liquid crystalline monomer represented by the
general formula (G1) or the general formula (G1-1), liquid crystalline monomers

represemted by structural formulae (100) to (110) are given. However, the present

10 invention is not limited to these structural formulae.
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[0062]

Note that the liquid crystalline monomer represemted by the structural formula
(100) is 1,4-bis[4-(2-methacryloyloxyethyl-1-oxy)benzoyloxy]-2-methylbenzene
(abbreviation: MeRM-02), which has an alkylene group whose chain length (the sum of
oxygen atoms and/or carbon atoms) is 3. '
[0063]
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The liquid crystalline monomer in the structural formula (101) is
1,4-bis[4-(3-acryloyloxy-n-propyl-1-oxy)benzoyloxy]-2-methylbenzene (abbreviation:
RM-03), which has an alkylene group whose chain length (the sum of oxygen atoms
and/or carbon atoms) is 4.

[0064]

The liquid crystalline monomer in the structural formula (102) is
1,4-bis[4-(4-acryloylox'y-n-butyl-1-oxy)benzoyloxy]-2-methylbenzene. (abbreviation:
RM-0O4), which has an alkylene group whose chain length (the sum of oxygen atoms
and/or carbon atoms) is 5.

[0065]

The liquid crystalline monomer in the structural formula (103) is
1,4-bis[4-(5-acryloyloxy-n-pentyl-1-oxy)benzoyloxy]-2-methylbenzene  (abbreviation:
RM-05), which has an alkylene group whose chain length (the sum of oxygen atoms
and/or carbon atoms) is 6. |
[0066]

The - liquid crystalline monomer in the structural formula (104) is
1,4-bis[4-(6-acryloyloxy-n-hexyl-1-oxy)benzoyloxy]-2-methylbenzene  (abbreviation:
RM-06), which has an alkylene group whose chain length (the sum of oxygen atoms
and/or carbon atoms) is 7.

[0067]

The liquid crystalline monomer in the structural formula (105) is
1,4-bis[4-(7-acryloyloxy-n-heptyl-1-oxy)benzoyloxy]-2-methylbenzene  (abbreviation:
RM-07), which has an alkylene group whose chain length (the sum of oxygen atoms
and/or carbon atoms) is 8.

[0068]

The liquid crystalline monomer in the structural formula (106) is
1,4-bis[4-(8-acryloyloxy-n-octyl-1-oxy)benzoyloxy]-2-methylbenzene ~ (abbreviation:
RM-08), which has an alkylene group whose chain length (the sum of oxygen atoms
and/or carbon atoms) is 9.

[0069]
The liquid crystalline monomer in the structural formula (107) is

1,4-bis[4-(9-acryloyloxy-n-nonyl-1-0xy)benzoyloxy]-2-methylbenzene  (abbreviation:
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RM-09), which has an alkylene group whose chain length (the sum of oxygen atoms
and/or carbon atoms) is 10.
[0070]

The liquid crystalline monomer in . the structural formula (108) is
1,4-bis[4-(10-acryloyloxy-n-decyl-1-oxy)benzoyloxy]-2-methylbenzene (abbreviation:
RM-010), which has an alkylene group whose chain length (the sum of oxygen atoms
and/or carbon atoms) is 11.

[0071]

The liquid crystalline monomer in the structural formula (109) is
1,4-bis[4-(11-acryloyloxy-n-undecyl-1-oxy)benzoyloxy]-2-methylbenzene
(abbreviation: RM-O11), which has an alkylene group whose chain length (the sum of
oxygen atoms and/or carbon atoms) is 12.

[0072] v

: The' liquid crystalline monomer in the structural formula (110) is
4,4'-bis(6-acryloyloxy-n-hexyl-1-oxy)-1,1"-biphenyl (abbreviation: Dac-PP-06), which
has an alkylene group whose chain length (the sum of oxygen atoms and/or carbon
atoms) is 7. -
[0073]

A non-liquid-crystalline monomer indicates a monomer that does not have a
liquid crystallinity, can undergo polymerization through photopolymerization or
thermopolymerization, and does not have a rod-shaped molecular structure (for example,
a molecﬁlar structure with an alkyl group, a cyano group, a fluorine or the like attached
to a terminus of a biphenyl group, a biphenyl-cyclohexyl group, or the like).
Specifically, monomers containing polymerizable groups such as acryloyl groups,
methacryloyl groups, vinyl groups, epoxy groups, fumarate groups, cinnamoyl groups
and the like are cited; however, the non-liquid crystalline monomer is not limited to
these examples.

[0074]

As the polymerlization reaction, photopolymerization reaction or
thermopolymerization reaction may be employed, and photopolymerization reaction is
preferred. In particulaf, photopolymerization reaction with ultraviolet light is preferred.

Therefore, as a polymerization initiator, acetophenone, benzophenone, benzoin, benzil,
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Michler's ketone, benzoin alkyl ether, benzyl dimethylketal, or thioxanthone can be used
as appropriate, for example. Note that after the polymer stabilization treatment, the
polymerization initiator becomes an impurity that does not contribute to operation of a
liquid crystal display device in the polymer/liquid crystal composite; therefore, the
amount of the polymerization initiator is preferably as small as possible. For example,
the amount of the polymerization initiator is preferably less than or equal to 0.5 wt% in
the liquid crystal composition.

[0075]

The liquid crystal composition may contain a chiral agent, in addition to the
liquid crystal material exhibiting a blue phase, the liquid crystalline monomer, the
non-liquid-crystalline monomer, and the polymerization initiator. Note that a chiral
agent is an agent with which a twist structure is caused in a liquid crystal material. The
additive amount of the chiral agent influences the diffraction wavelength of the liquid
crystal material exhibiting a blue phase. Therefore, the additive amount of the chiral
agent is preferably adjusted so that the diffraction wavelength of the liquid crystal
material exhibiting a blue phase is out of a visible region (380 nm to 750 nm). As the
chiral agent, S-811 (produced by Merck Ltd., Japan), S-1011 (produced by Merck Ltd.,
Japan), 1,4:3,6-dianhydro-2,5-bis[4-(n-hexyl-1-oxy)benzoic acid]sorbitol (abbreviation:
ISO-(60BA),) (produced by Midori Kagaku Co., Ltd.), or the like can be selected as .
appropriate.

[0076]

The liquid crystal composition which is one embodiment of the present.
invention includes the above-described'materials. Further, by polymer stabilization
treatment (polymerization treatment) of the liquid crystal composition, the
polymer/liquid crystal composite exhibiting a polymer-stabilized blue phase can be
obtained.

[0077]

Note that in the case where photopolymerization reaction is employed as the
polymer stabilization treatment (polymerization treatment) of the liquid crystal
composition, the treatment temperature is preferably a temperature at which the
polymer/liquid crystal composite obtained by the polymer stabilization treatment

(polymerization treatment) exhibits a polymer-stabilized blue phase. In particular, a
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temperature at which the liquid crystal composition and the polymer/liquid crystal
composite can keep (an isotropic phase or) a blue phase is preferable. The treatment
temperature may be a temperature at which the polymer/liquid crystal composite
obtained through the polymer stabilization treatment (polymerization treatment) can
keep a blue phase even though the liquid crystal composition exhibits an isotropic phase.
In addition, the treatment temperature may be changed during the polymer stabilization
treatment (polymerization treatment). In that case, the temperature is such thatv
polymerization starts at the temperature where the liquid crystal composition exhibits an
isotropic phase or a blue phase, and the polymer/liquid crystal composite exhibits a blue
phase.

[0078]

Within the above temperature range, photopolymerization reaction is performed
by irradiation with ultraviolet light or the like. Note that a period of time for the
polymerization may be adjusted depending on a material contained in the liquid crystal
composition, as appropriate.

[0079]

With use of the liquid crystal composition that is one embodiment of the
present invention, the temperature range of polymer stabilization treatment for obtaining
the polymer/liquid cfystal composite with a wider blue phase appearance temperature
range can be widened. As the result, disorder of an orientation state of the
polymer/liquid crystal composite can be reduced.

{0080]

The structures and methods described in this embodiment can be combined as
appropriate with any of the structures and methods described in the other embodiments.
[0081]

(Embodiment 2)

In this embodiment, an example of a liquid crystal element using the
polymer/liquid crystal composite that is obtained by polymerization of the liquid crystal
composition described in Embodiment 1 is described with reference to FIG. 2. FIG. 2
is a cross-sectional view of the liquid crystal element.

[0082]
In FIG. 2, a liquid érystal layer 202 is formed between a first substrate 200 and
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a second substrate 201. The polymer/liquid crystal composite described in
Embodiment 1 is used for the liquid crystal layer 202. A pixel electrode layer 203 and
a common electrode layer 204 are adjacently formed over the first substrate 200.

[0083]

A method in which grayscale is controlled by generating an electric field which
is substantially parallel to a substrate (i.e., in a horizontal direction) to move liquid
crystal molecules substantially parallel to the substrate (i.c., in a horizontal direction) is
applied to the liquid crystal element of this embodiment.

[0084]

Note that the a distance a (shown in FIG. 2) between the pixel electrode layer
203 and the common electrode layer 204, which are adjacently formed with the liquid
crystal layer 202 interposed therebetween, is a distance at which liquid crystal that is
included in the liquid crystal layer 202 and exists between the pixel electrode layer 203
and the common electrode layer 204 responds when given voltages are appliéd to the
pixel electrode layer 203 and the common electrode layer 204. The applied voltage is
controlled as appropriate in accordance with the distance a.

[0085]

As the first substrate 200 and the second substrate 201, a glass substrate made
of barium borosilicate glass, aluminoborosilicate glass, or the like, a quartz substrate, a
plastic substrate, or the like can be used.

[0086]

The pixel electrode layer 203 and the common electrode layer 204 can be
formed using one or more of the following: indium tin oxide (ITO), indium zinc oxide
(IZO) in which zinc oxide (ZnO) is mixed into indium oxide, a conductive material in
which silicon oxide (SiO;) is mixed into indium oxide, organoindium, orgénotin, indium
oxide containing tungsten oxide, indium zinc oxide containing tungsten oxide, indium
oxide containing titanium oxide, and indium tin oxide containing titanium oxide; metals
such as tungsten (W), molybdenum (Mo), zirconium (Zr), hafnium (Hf), vanadium (V),
niobium (Nb), tantalum (Ta), chromium (Cr), cobalt (Co), nickel (Ni), titanium (Ti),
platinum (Pt), aluminum (Al), copper (Cu), and silver (Ag); alloys thereof; and nitrides
thereof.

[0087]
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The liquid crystal layer 202 can be obtained as follows: the liquid crystal
composition described in Embodiment 1 is provided between the first substrate 200 and
the second substrate 201 by a liquid crystal dropping method (one drop fill, ODF), a
liquid crystal injection method, or the like, and then is polymerized to be a
polymer/liquid crystal composite. Note that the thickness (film thickness) of the liquid
crystal layer 202 is preferably greater than or equal to 1 um and less than or equal to 20
um.

[0088]

| In the thus formed liquid crystal element, since an electric field in a horizontal
direction is generated between the pixel electrode layer 203 and the common electrode
layer 204, the liquid crystal molecules in the liquid crystal layer 202 can be controlled in
a direction parallel to the first substrate 201.
[0089]

The liquid crystal element of this embodiment can exhibit a polymer-stabilized
blue phase. The polymer/liquid crystal composite used for the liquid crystal layer 202
is a light-emitting element that is capable of high-speed response and can provide high
contrast.

[0090]

For the liquid crystal element of this embodiment, optical films such as a
polarizing plate, a retardation plate, and an anti-reflection film can be used in
combination, as appropriate. For example, circular polarization by the polarizing plate
and the retardation plate may be used. In addition, a backlight or the like may be used
as a light source.

[0091]

Note that the liquid crystal element of this embodiment can be applied to a
transmissive liquid crystal display device in which display is performed by transmission
of light from a light source, a reflective liquid crystal display device in which display is
performed by reflection of incident light, or a semi-transmissive liquid crystal display
device in which a transmissive type and a reflective tsfpe are combined.

[0092]
(Embodiment 3)
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In this embodiment, a liquid crystal display device in which the liquid crystal
composition that is one embodiment of the present invention is used for a liquid crystal
layer is described. Note that the liquid crystal display device of this embodiment
includes the liquid crystal element (also referred to as a liquid crystal display element)
described in Embodiment 2 as a display element. The liquid crystal display device
may be a passive-matrix liquid crystal display device or an active-matrix liquid crystal
display device, and in this embodiment, the case where the liquid crystal element is
applied to an active matrix liquid crystal display device is described with reference to
FIGS. 3A and 3B.

[0093]

FIG. 3Ais a plan view of a liquid crystal display device and illustrates one pixel
thereof. FIG. 3B is a cross-sectional view taken along X1-X2 in FIG. 3A.
[0094]

In FIG. 3A, a plurality of source wiring layers 305 (including a wiring layer
305a) is provided in parallel to each other (extended in the vertical direction in FIG. 3A)
and apart from each other. A plurality of gate wiring layers 301 (including a gate
electrode layer 301a) is provided apart from each other and extended in the direction
substantially orthogonal to the source wiring layers 305 (extended in the horizontﬁl
direction in FIG. 3A). A plurality of common wiring layers 308 is provided to adjoin
the respective gate wiring layers 301 and extended in the direction parallel to the gate
wiring layers 301, that is, in the direction substantially orthogonal to the source wiring
layers 305 (extended in the horizontal direction in FIG. 3A). A pixel electrode layer
347 and a common electrode layer 346 of the liquid crystal display device are arranged
in a space surrounded by the source wiring layers 305, the common wiring layers 308,
and the gate wiring layers 301. Note that the pixel electrode layer 347 is electrically
connected to a transistor 320, and the transistor 320 is provided in each pixel.

[0095]

In the liquid crystal display device of FIG. 3A, capacitor is formed by the pixel
electrode layer 347 and the common wiring layer 308. Although the common
electrode layer 308 can operate in a floating state (an electrically isolated state), the
pofential thereof may be set to Ia fixed potential, preferably to a potential around a

common potential (an intermediate potential of an image signal which is transmitted as
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data) in such a level as not to generate flickers.
[0096]

In the electrode structure in the liquid crystal display device of FIGS. 3A and
3B, the pixel electrode layer 347 and the common electrode layer 346 are formed in one
plane that is pérallel to the substrate. A method in which grayscale is controlled by
generating an electric field in the direction parallel to a substrate to move liquid crystal
molecules in a plane parallel to the substrate (i.e., an IPS mode) can be applied to the
electrode structure.

[0097]

Next, a cross-sectional structure of the liquid crystal display device shown in
FIG. 3B is described. The liquid crystal display device shown in FIG. 3B has a
structure in which a liquid crystal layer 344 is provided between a second substrate 342
and a first substrate 341 including the transistor 320, the pixel electrode layer 347, the
common electrode layer 346, and the like.  Further, polarizing plates 343a and 343b are
provided in contact with the first substrate 341 and the second substrate 342,
respectively.

[0098]

Note that the transistor 320 is an inverted staggered thin film transistor in
which the gate electrode layer 301a, a gate insulating layer 302, a semiconductor layer
303, and wiring layers 305a and 305b which function as a source electrode layer and a
drain electrode layer are formed over the first substrate 341 having an insulating surface.
[0099]

There is no particular limitation on the structure of the transistor that can be
applied to a liquid crystal display device of this embodiment; for example, a staggered
type transistor or a planar type transistor having a top-gate structure or a bottom-gate
structure can be employed. The transistor may have a single-gate structure in which
one channel formation region is formed, a double-gate structure in which two channel
formation regions are formed, or a triple-gate structure in which three channel formation
regions are formed. Alternatively, the transistor may have a dual gate structure
including two gate electrode layers positioned over and below a channel region with a
gate insulating layer provided therebetween.

[0100]
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In FIG. 3B, the gate electrode layer 301a is formed over the first substrate 341.
The gate electrode layer 301a can be formed to have a single-layer or stacked structure
using a metal material such as molybdenum, titanium, chromium, tantalum, tungsten,
aluminum, copper, neodymium, or scandium, or an alloy material including any of these
materials as a main component. By using a light-blocking conductive film as the gate
electrode layer 301a, light from a backlight (light emitted through the first substrate
341) can be prevented from entering the semiconductor layer 303.

[0101]

The gate electrode layer 301a may have a stacked structure. For example, in
the case where the gate electrode layer 301a has a two-layer structure, a two-layer
structure in which a molybdenum layer is stacked over an aluminum layer, a two-layer '
structure in which a molybdenum layer is stacked over a copper layer, a two-layer

structure in which a titanium nitride layer or a tantalum nitride layer is stacked over a

- copper layer, or a two-layer structure in which a titanium nitride layer and molybdenum

layer are stacked is preferable. In the case where the gate electrode layer 301a has a
three-layer structure, a stacked structure of a tungsten layer or a tungsten nitride layer, a
layer of an alloy. of aluminum and silicon or a layer of an alloy of aluminum and
titanium, and a titanium nitride layer or a titanium layer is preferable.

[0102]

Note that a base film formed of an insulating film may be provided between the

~ first substrate 341 and the gate electrode layer 301a. The base film has a function of

preventing diffusion of an impurity element from the first substrate 341, and can be
formed to have a single-layer structure or a stacked structure using one or more of a
silicon nitride film, a silicon oxide film, a silicon nitride oxide film, and a silicon
oxynitride film.

[0103]

The gate insulating layer 302 can be formed to have a single-layer structure or a
stacked structure using a silicon oxide layer, a silicon nitride layer, a silicon oxynitride
layer, or a silicon nitride oxide layer by a plasma CVD method, a sputtering method, or
the like. Alternatively, a silicon oxide layer formed by a CVD method using an
organosilane gas can be used as the insulating layer 302. As the organosilane gas, a

silicon-containing compound such as tetracthoxysilane (TEOS) (chemical formula:
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Si(OC;Hs)4),  tetramethylsilane ~ (TMS)  (chemical  formula: Si(CHs3)y),
tetramethylcyclotetrasiloxane  (TMCTS), octamethylcyclotetrasiloxane (OMCTS),

‘hexamethyldisilazane (HMDS), triethoxysilane (chemical formula: SiH(OC;Hs)s), or

trisdimethylaminosilane (chemical formula: SIH(N(CH3),)3) can be used.
[0104] |

A material used for the semiconductor layer 303 is not limited to a particular
material and may be determined in accordance with characteristics needed for the
transistor 320, as appropriate. The semiconductor layer 303 can be formed using the
following material: an amorphous semiconductor manufactured by a sputtering method
or a vapor-phase growth method using a semiconductor source gas typified by silane or
germane; a polycrystalline semiconductor formed by crystallizing the amorphous
semiconductor with use of light energy or thermal energy; a microcrystalline
semiconductor; an oxide semiconductor; or the like.

[0105]

A typical example of an amorphous semiconductor is hydrogenated amorphous
silicon, while a typical example of a crystalline semiconductor is polysilicon and the
like. Polysilicon (polycrystalline silicon) includes high-temperature polysilicon which
contains polysilicon formed at a process temperature of 800 °C or higher as its main
component, low-temperature polysilicon which contains polysilicon formed at a process
temperature of 600 °C or lower as its main component, and polysilicon formed by
crystallizing amorphous silicon by using an element or the like which promotes
crystallization. Needless to say, as described above, a microcrystalline semiconductor
or a semiconductor which includes a crystal phase in part of a semiconductor layer can
also be used.

[0106]

As the oxide semiconductor, the following can be used: a four-component
metal oxide such as In-Sn-Ga-Zn-O-based oxide semiconductor; a three-component
metal oxide such as an In-Ga-Zn-O-based oxide semiconductor, an In-Sn-Zn-O-based
oxide semiconductor, an In-Al-Zn-O-based oxide semiconductor, a Sn-Ga-Zn-O-based
oxide semiconductor, an Al-Ga-Zn-O-based oxide semiconductor, or a

Sn-Al-Zn-O-based oxide semiconductor; a two-component metal oxide such as an
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In-Zn-O-based oxide semiconductor, a Sn-Zn-O-based oxide semiconductor, an
Al-Zn-O-based oxide semiconductor, a Zn-Mg-O-based oxide semiconductor, a
Sn-Mg-O-based oxide semiconductor, an In-Mg-O-based oxide semiconductor, an
In-Ga-O-based oxide semiconductor; or an In-O-based oxide semiconductor, a
Sn-O-based oxide semiconductor, or a Zn-O-based oxide semiconductor layer which are
oxides of one metal element can be used. Further, SiO, may be contained in the above
oxide semiconductor. Here, for example, the In-Ga-Zn-O-based oxide semiconductor
means an oxide containing at least In, Ga, and Zn, and the composition ratio of the
elements is not particularly limited. The In-Ga-Zn-O-based oxide semiconductor may
contain an element other than In, Ga, and Zn.

{0107]

Note that as the oxide semiconductor, a thin film represented by the chemical
formula, InMO3(Zn0O),, (m > 0) can be used. Here, M represents one or more metal
elements selected from Ga, Al, Mn, and Co. For example, M can be Ga, Ga and Al, Ga
and Mn, Ga and Co, or the like. Note that the oxide semiconductor has neither a single
crystal structure nor an amorphous structure and is a crystalline oxide semiconductor
having c-axis alignment (also referred to as a c-axis aligned crystalline (CAAC) oxide
semiconductor).

[0108]

The semiconductor layer 303 can be formed by a sputtering method, an
LPCVD method, a plasma CVD method, or the like. At an etching step for processing
the semiconductor layer 303 into a desired shape, dry etching or wet etching can be
used.

[0109]

Note that as an etching apparatus used for the dry etching, an etching apparatus
using a reactive ion etching method (an RIE method), or a dry etching apparatus using a
high-density plasma source such as ECR (electron cyclotron resonance) or ICP
(inductively coupled plasma) can be used. As a dry etching apparatus by which
uniform electric discharge can be obtained over a wider area as compared to an ICP
etching apparatus, there is an ECCP (enhanced capacitively coupled plasma) mode
apparatus in which an upper electrode is grounded, a high-frequency power source at

13.56 MHz is connected to a lower electrode, and further a low-frequency power source
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at 3.2 MHz is connected to the lower electrode. This ECCP mode etching apparatus
can be applied even when a substrate the size of which exceeds 3 m of the tenth
generation is used as a substrate, for example.

[0110]

As a material for the wiring layers 305a and 305b which serve as the source and
drain electrode layers of the transistor 320, there are an element selected from aluminum
(Al), chromium (Cr), tantalum (Ta), titanium (Ti), molybdenum (Mo), tungsten (W),
copper (Cu), and magnesium (Mg), an alloy containing any of these elements as a
component, an alloy in which any of these elements are combined, and the like.
Further, in the case where heat treatment is performed, the conductive film preferably
has heat resistance against the heat treatment. For example, since the use of Al alone
brings disadvantages such as low heat resistance and a tendency to corrosion, aluminum
is used in combination with a conductive material having heat resistance. As the
conductive material having heat resistance which is combined with aluminum, it is
possible to use an element selected from titanium (Ti), tantalum (Ta), tungsten (W),
molybdenum (Mo), chtomium (Cr), neodymium (Nd), and scandium (Sc), an alloy
containing any of these elements as its component, an alloy film containing a
combination of any of these elements, or a nitride containing any of these elements as its
component.

[0111] ,

Note that the gate insulating layer 302, the semiconductor layer 303, and the
wiring layers 305a and 305b may be successively formed without exposure to air.
Such successive formation without exposure to air leads to a formation of each interface
of the stacked layers without contamination by atmospheric components or impurity
elements floating in air, so that variation in characteristics of the transistor can be
reduced.

[0112]
An inorganic insulating film or an organic insulating film formed by a dry

method or a wet method can be used for the insulating film 307 and an insulating film

- 309. For example, it is possible to use a silicon nitride film, a silicon oxide film, a

silicon oxynitride film, an aluminum oxide film, or a tantalum oxide film, which is

formed by a CVD method, a sputtering method, or the like. Alternatively, an organic
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material such as polyimide, acrylic, benzocyclobutene, polyamide, or an epoxy resin can
be used. Other than such organic materials, a low-dielectric constant material (a low-k
material), a siloxane-based resin, phosphosilicate glass (PSG), borophosphosilicate glass
(BPSG), or the like can be used. A gallium oxide film can also be used as the
insulating film 307.

[0113]

Note that the siloxane-based resin corresponds to a resin including an Si-O-Si
bond formed using a siloxane-based material as a starting material. A siloxane-based
resin may include, as a substituent, an organic group (e.g., an alkyl group or an aryl
group) or a fluoro group. A siloxane-based resin is applied by a coating method and
baked; thus, the insulating film 307 can be formed.

[0114]

Note that the insulating film 307 and the insulating film 309 may be formed to
have a stacked structure including a plurality of insulating films formed using the
above-described materials. For example, a structure where an organic resin film is
stacked over an inorganic insulating film may be employed.

[0115] |

The interlayer film 313 can be formed by the same material as the material used
for the insulating film 307 and the insulating film 309. There is no particular limitation
on the method for forming the interlayer film 313, and the following method can be
employed depending on the material: spin coating, dip coating, spray coating, droplet
discharging (such as ink jetting, screen printing, or offset printing), roll coating, curtain
coating, knife coating, or the like. |
[0116]

The pixel electrode layer 347 and the common electrode layer 308 can be
formed using a light-transmitting conductive material such as an indium oxide
containing a tungsten oxide, an indium zinc oxide containing a tungsten oxide, an
indium oxide containing a titanium oxide, an indium tin oxide containing a titanium
oxide, an indium tin oxide (hereinafter referred to as ITO), an indium zinc oxide, or an
indium tin oxide to which a silicon oxide is added. Alternatively, the pixel electrode
layer 347 and the common electrode layer 308 can be formed using one or more kinds

of materials selected from a metal such as tungsten (W), molybdenum (Mo), zirconium
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(Zr), hafnium (Hf), vanadium (V), niobium (Nb), tantalum (Ta), chromium (Cr), cobalt
(Co), nickel (Ni), titanium (Ti), platinum (Pt), aluminum (Al), copper (Cu), and silver
(Ag); an alloy containing any of these metals; and a nitride of these métals.

[0117]

Alternatively, the pixel electrode layer 347 and the common electrode layer 308
can be formed using a conductive composition including a conductive high molecule
(also referred to as a conductive polyfner). The pixel electrode formed using the
conductive composition preferably has a sheet resistance of less than or equal to 10000
ohms per square and a transmittance of greater than or equal to 70 % at a wavelength of
550 nm. Further, the resistivity of the conductive high molecule included in the
conductive composition is preferably less than or equal to 0.1 Q-cm. Note that as the
conductive polymer, a so-called & electron conjugated conductive polymer can be used..
For example, polyaniline or a derivative thereof, polypyrrole or a derivative thereof,
polythiophene or a derivative thereof, a copolymer of two or more kinds of aniline,
pyrrole, and thiophene or a derivative thereof, and the like are given.

[0118]

For the liquid crystal layer 344, the liquid crystal composition that is one
embodiment of the present invention is used. Note that the liquid crystal composition
includes the liquid crystal material exhibiting a blue phase, the liquid crystalline
monomer, the non-liquid-crystalline monomer, and the polymerization initiator. A
polymer/liquid crystal composite obtained by polymer stabilization treatment
(polymerization treatment) of the liquid crystal composition is used for the liquid crystal
layer 344,

[0119]

Note that although not shown here, the liquid crystal composition for forming
the liquid crystal layer 344 is formed between the first substrate 341 and the second
substrate 342 that is a counter substrate, and then the first and second substrates are
bonded with a sealant. The liquid crystal layer 344 can be formed between the first
and second substrates by a dispenser method (dropping method), or a method in which
the first substrate 341 is bonded to the second substrate 342 and then liquid crystal is

injected using a capillary phenomenon or the like.
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[0120]

As the sealant, it is typically preferable to use a visible light curable resin, an
ultraviolet curable resin, or athermosetting resin. Typically, an acrylic resin, an epoxy
resin, an amine resin, or the like can be used. Further, a photopolymerization initiator
(typically, an ultraviolet light polymerization initiator), a thermosetting agent, a filler; or
a coupling agent may be included in the sealant. '
[0121]

After the space between the first substrate 341 and the second substrate 342 is
filled with the liquid crystal composition, polymer stabilization treatment
(polymerization treatment) is performed by light irradiation, whereby the liquid crystal
layer 344 is formed. The light has a wavelength with which the liquid crystalline
monomer, the non-liquid-crystalline monomer, and the polymerization initiator included
in the liquid crystal composition react. Through the polymer stabilization treatment
(polymerization treatment) by the light irradiation, the liquid crystal layer 344 is
obtained. Note that in the case of using a photocurable resin as a sealant, curing of the.
sealant may be performed simultaneously with the polymer stabilization treatment.
[0122] _

- Note that according to the structure of an electrode in the liquid crystal display
device of this embodiment, liquid crystal molecules included in the liquid crystal layer
344 are controlled by an electric field in the holizontal direction. The polymer/liquid
crystal composite is aligned so as to exhibit a blue phase, and can be controlled in the
direction parallel to the substrate; thus, a wide viewing angle can be obtained.

[0123] '

In this embodiment, the polarizing plate 343a is provided on the outer side (on
the side opposite to the liquid crystal layer 344) of the first substrate 341, and the
polarizing plate 343b is provided on the outer side (on the side opposite to the liquid
crystal layer 344) of the second substrate 342. In addition to a polarizing plate, an
optical film such as a retardation plate or an anti-reflection film may be provided. For
example, circular polarization by the polarizing plate and the retardation plate may be
used.

[0124]
Although not shown, a backlight, a sidelight, or the like can be uéed as a light
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source of the liquid crystal display device of this embodiment. Light from the light

source is emitted from the first substrate 341 side so as to pass through the second

substrate 342 on the viewing side.
[0125]

In the case of manufacturing a plurality of liquid crystal display devices using a

large-sized substrate (a so-called multiple panel method), a division step can be

performed before the polymer stabilization treatment or before provision of the
polarizing plates. In consideration of the influence of the division step on the liquid
crystal layer (such as disorder of an orientation state due to force applied in the division
step), it is preferable that the division step be performed after the the attachment of the
first substrate 341 and the second substrate 342 and before the polymer stabilization
treatment. |

[0126]

In the liquid crystal display device of this embodiment, with use of the liquid
érystal composition that is one embodiment of the present invention, the temperature
range of polymer stabilization treatment for obtaining the polymer/liquid crysfal
composite with a wider blue phase appearance temperature range can be widened. As
the result, defects of a panel of the liquid crystal display device can be reduced, so that
the yield of the liquid crystal display device can be improved. The use of the liquid
crystal composition which is one embodiment of the present invention can also decrease
the driving voltage of the liquid crystal element, which leads to decrease in driving
voltage of the liquid crystal display device.

[0127]

In the liquid crystal display device of this embodiment, the polymer/liquid
crystal. composite can exhibit the polymer-stabilized blue phase and provide high
contrast; thus, a high-definition liquid crystal display device with high visibility can be
provided. Further, since the polymer/liquid crystal composite is capable of high-speed
response, a liquid crystal‘display_ device with higher performance can be achieved.
[0128]

The structures described in this embodiment can be combined as appropriate
with any of the structures described in the other embodiments.

[0129]
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(Embodiment 4)

In this embodiment, a liquid crystal display device in which the liquid crystal
composition that is one embodiment of the present invention is used for a liquid crystal
layer is described. Note that the liquid crystal display device of this embodiment
includes the liquid crystal element (also referred to as a liquid crystal display element)
described in Embodiment 2 as a display element. '
[0130]

The appearance and a cross section of a liquid crystal display panel which
corresponds to a liquid crystal display device of one embodiment of the present
invention is described with reference to FIGS. 4-Al and 4A-2 and 4B. FIGS. 4-Al
and 4A-2 are top views of a panel in which transistors 4010 and 4011 and a liquid
crystal element 4013 which are formed over a first substrate 4001 are sealed between
the first substrate 4001 and a second substrate 4006 with a sealant 4005. FIG. 4B is a
cross-sectional view taken along M-N of FIGS. 4A-1 and 4A-2.

[0131]

- The sealant 4005 is provided so as to surround a pixel portion 4002 and a scan
line driver circuit 4004 which are provided over the first substrate 4001. The second
substrate 4006 is provided over the pixel portion 4002 and the scan line driver circuit
4004. Therefore, the pixel portion 4002 and the scan-line driver circuit 4004 are sealed
together with a liquid crystal layer 4008, by the first substrate 4001, the sealant 4005,
and the second substrate 4006.

[0132]

In FIG. 4A-1, a signal line driver circuit 4003 that is formed using a
single-crystal semiconductor film or a polycrystalline semiconductor film over a
substrate separately prepared is mounted in a region that is different from the region
surrounded by the sealant 4005 over the first substrate 4001. FIG. 4A-2 illustrates an
example in which part of a signal line driver circuit is formed with use of a transistor
which is provided over the first substrate 4001. A signal line driver circuit 4003b is
formed over the first substrate 4001 and a signal line driver circuit 4003a which is
formed using a single crystal semiconductor film or a polycrystalline semiconductor
film is mounted on a substrate separately prepared.

[0133]
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Note that the connection method of the driver circuit which is separately
formed is not particularly limited, and a COG method, a wire bonding method, a TAB
method, or the like can be used. FIG. 4A-1 illustrates an example of mounting the
signal line driver circuit 4003 by a COG method, and FIG. 4A-2 illustrates an example
of mounting the signal line driver circuit 4003 by a TAB method.

[0134]

The pixel portion 4002 and the scan line driver circuit 4004 provided over the
first substrate 4001 include a plurality of transistors. FIG. 4B illustrates the transistor
4010 included in the pixel portion 4002 and the transistor 4011 included in the scan line
driver circuit 4004, as an example. An insulating layer 4020 and an interlayer film
4021 are provided over the transistors 4010 and 4011.

[0135]

As the transistors 4010 and 4011, transistors with a known structure can be
used.
[0136]

Further, a conductive layer may be provided over the interlayer film 4021 or the
insulating layer 4020 so as to overlap with a channel formation region of a
semiconductor layer of the transistor 4011 for the driver circuit: The conductive layer
may have a potential the same as or a potential different from that of a gate electrode
layer of the transistor 4011 and can function as a second gate electrode layer. The
potential of the conductive layer may be GND, 0 V, or in a floating state.

[0137]

A pixel electrode layer 4030 and a common electrode layer 4031 are formed
over the interlayer film 4021, and the pixel electrode layer 4030 is electrically connected
to the transistor 4010. The liquid crystal element 4013 includes the pixel electrode
layer 4030, the common electrode layer 4031, and the liquid crystal layer 4008. Note
that a polarizing plate 4032a is provided on the outer side of the first substrate 4001 and
a polarizing plate 4032b is provided on the outer side of the second substrate 4006.
[0138]

The liquid crystal composition described in Embodiment 1 is applied to the
liquid crystal layer 4008.

[0139]
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By an electric field generated between the pixel electrode layer 4030 and the
common electrode layer 4031, liquid crystal molecules of the liquid crystal layer 4008
are controlled. An electric field in the holizontal direction is generated in the liquid
crystal layer 4008, and the liquid crystal molecules are controlled with the electric field.
The liquid crystal composition described in Embodiment 1 becomes a polymer/liquid
crystal composite through the polymer stabilization treatment (polymerization
treatment). The liquid crystal included in the polymer/liquid crystal composite is
aligned so as to exhibit a blue phase and can be controlled in the direction parallel to the
substrate; thus, a wide viewing angle can be obtained.

[0140]

As the first substrate 4001 and the second substrate 4006, glass, plastic, or the
like having a light-transmitting property can be used. As plastic, a
fiberglass-reinforced plastics (FRP) plate, a polyvinyl fluoride (PVF) film, a polyester
film, or an acrylic resin film can be used. Alternatively, a sheet with a structure in
which an aluminum foil is sandwiched between PVF films or polyester films can be
used.

[0141]

A columnar spacer 4035 is obtained by selective etching of an insulating layer
and is provided in order to control the thickness of the liquid crystal layer 4008 (a cell
gap). Alternatively, a spherical spacer may be used. In the liquid crystal display
device, the cell gap which is the thickness of the liquid crystal layer 4008 is preferably
greater than or equal to 1 um and less than or equal to 20 um. In this specification, the
thickness of the cell gap refers to the maximum thickness (film thickness) of the liquid
crystal layer 4008.

[0142]

Although FIGS. 4A-1, 4A-2 and 4B illustrate a transmissive liquid crystal
display device, the liquid crystal display device in the present invention may be a
semi-transmissive liquid crystal display device or a reflective liquid crystal display
device. '

[0143]
FIGS. 4A-1, 4A-2, and 4B illustrate an example in which the polarizing plate is

provided on the outer side (the viewing side) of the substrate; however, the polarizing
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plate may be provided on the inner side of the substrate. The position of the polarizing
plate may be determined as appropriate depending on the material of the polarizing plate
and conditions of the manufacturing process. Further, a light-blocking layer serving as
a black matrix may be provided.

[0144]

A color filter layer or a light-blocking layer may be formed as part of the
interlayer film 4021. In FIGS. 4A-1, 4A-2, and 4B, a light-blocking layer 4034 is
provided on the second substrate 4006 to overlap with the transistors 4010 and 4011.
With the light-blocking layer 4034, improvement in contrast and stabilization of the
transistors can be achieved.

[0145]

The insulating layer 4020 may be provided so as to function as a protective film
of the transistors; hdwever, this embodiment is not particularly limited thereto. In that
case, the protective film refers to a film provided to prevent entry of impurities floating
in air, such as an organic substance, a metal substance, or moisture, and is preferably a
dense film. The protective film may be formed by a sputtering method to have a
single-layer structure or a stacked structure including any of a silicon oxide film, a
silicon nitride film, a silicon oxynitride film, a silicon nitride oxide film, an aluminum -
oxide film, an aluminum nitride film, an aluminum oxynitride film, and an aluminum
nitride oxide film.

[0146]

In the case where a light-transmitting insulating layer is further formed as a
planarizing insulating film, an organic material having heat resistance such as polyimide,
acrylic, benzocyclobutene, polyamide, or epoxy can be used. In addition to such
organic materials, a low-dielectric constant material (a low-k material), a siloxane-based
resin, PSG (phosphosilicate glass), BPSG (borophosphosilicate glass), or the like can be
used. Note that the insulating layer may be formed by stacking a plurality of insulating
films formed using these materials.

[0147] |

There is no particular limitation on the method for forming the stacked

insulating layers, and the following method can be employed depending on the material:

sputtering, spin coating, dip coating, spray coating, droplet discharging (such as ink
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jetting, screen printing, or offset printing), roll coating, curtain coating, knife coating, or
the like.
[0148]

The pixel electrode layer 4030 and the common electrode layer 4031 can be
formed using a light-transmitting conductive material such as an indium oxide
containing a tungsten oxide, an.indium zinc oxide containing a tungsten oxide, an
indium oxide containing a titanium oxide, an indium tin oxide containing a titanium
oxide, an indium tin oxide (hereinafter referred to as ITO), an indium zinc oxide, or an
indium tin oxide to which a silicon oxide is added. Alternatively, the pixel electrode
layer 4030 and the common electrode layer 4031 can be formed using one or more kinds
of materials Selected from a metal such as tungsten (W), molybdenum (Mo), zirconium
(Zr), hafnium (Hf), vanadium (V), niobium (Nb), tantalum (Ta), chromium (Cr), cobalt
(Co), nickel (Ni), titanjum (Ti), platinum (Pt), aluminum (Al), copper (Cu), and silver
(Ag); an alloy containing any of these metals; and a nitride of these metals.

[0149] |

Alternatively, the pixel electrode layer 4030 and the common electrode layer
4031 can be formed using a conductive composition including a conductive high
molecule (also referred to as a conductive polymer).

[0150]

Further, a variety of signals and potentials are supplied from an FPC 4018 to
the signal line driver circuit 4003 which is formed separately, and the scan line driver
circuit 4004 or the pixel portion 4002.

[0151]

Since the transistor is easily broken by static electricity and the like, a
protection circuit for protecting the driver circuits is preferably provided over the same
substrate as a gate line or a source line. The protection circuit is preferably formed
using a nonlinear element.

[0152]

In FIGS. 4A-1, 4A-2, and 4B, a connection terminal electrode 4015 is formed
using the same conductive film as that of the pixel electrode layer 4030, and a terminal
electrode 4016 is formed using the same conductive film as that of source and drain

electrode layers of the transistors 4010 and 4011. The connection terminal electrode
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4015 is electrically connected to a terminal of the FPC 4018 through an anisotropic
conductive film 4019.
[0153]

Note that FIGS. 4A-1, 4A-2 and 4B illustrate the example in which the signal
line driver circuit 4003 is formed 'separately and mounted on the first substrate 4001;
however, this embodiment is not limited to this structure. The scan line driver circuit
may be separately formed and then mounted, or only part of the signal line driver circuit
or part of the scan line driver circuit may be separately formed and then mounted.
[0154]

In the liquid crystal display device of this embodiment, with use of the liquid

~ crystal composition that is one embodiment of the present invention, the temperature

range of polymer stabilization treatment for obtaining the polymer/liquid crystal
composite with a wider blue phase appearance temperature range can be widened. As
the result, defects of a panel of the liquid crystal display device can be reduced, so that
the yield of the liquid crystal display device can be improved. The use of the liquid
crystal composition which is one embodiment of the present invention can also decrease

the driving voltage of the liquid crystal element, which leads to decrease in driving

~voltage of the liquid crystal display device.

[0155]

In the liquid crystal display device of this embodiment, the polymer/liquid
crystal composite can exhibit the polymer-stabilized blue phase and provide high
contrast; thus, a high-definition liquid crystal display device with high visibility can be
provided. Further, since the polymer/liquid crystal composite is capable of high-speed
response, a liquid crystal display device with higher performance can be achieved.
[0156]

The structures described in this embodiment can be combined as appropriate
with any of the structures described in the other embodiments.

[0157]
(Embodiment 5)

The liquid crystal display device disclosed in this specification can be applied

to a variety of electronic devices (including game machines). Examples of electronic

devices are a television set (also referred to as a television or a television receiver), a
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monitor of a computer or the like, a camera such as a digital camera or a digital video
camera, a digital photo frame, a mobile phone handset (also referred to as a mobile
phone or a mobile phone device), a portable game console, a personal digital assistant,
an audio reproducing device, a large-sized game machine such as a pachinko machine,
and the like.

[0158]

FIG. 5A illustrates an electronic book reader (also referred to as an e-book)
which can include housings 5000, a display portion 5001, operation keys 5002, a solar
cell 5003, and a charge and discharge control circuit 5004. The e-book reader
illustrated in FIG. 5A has a function of displaying various kinds of information (e.g., a
still image, a moving image, and a text image) on the display portion, a function of
displaying a calendar, a date, the time, or the like on the display portion, a function of
operating or editing the information displayed on the display portion, a function of
controlling processing by various kinds of software (programs), and the like. Note that
in FIG. 5A, the charge and discharge control circuit 5004 has a battery 5005 and a
DCDC converter (hereinafter abbreviated as a converter) 5006 as an example. By
application of the liquid crystal display device described in Embodiment 3 or
Embodiment 4 to the display portion 5001, an e-book reader which has high contrast
and high visibility and is capable of high-speed response, high performance, and low _
voltage driving can be provided.

[0159]

In the case of using a transflective or reflective liquid crystal display device for
the display portion 5001 in the structure shown in FIG. 5A, the electronic book reader
may be used in a comparatively bright environment. In that case, power generation by
the solar cell 5003 and charge by the battery 5005 can be effectively performed, which
is preferable. Since the solar batt cell 5003 can be provided on a space (a surface or a
rear surface) of the housings 5000 as appropriate, the battery 5005 can be efficiently
charged, which is preferable. When a lithium ion battery is used as the battery 5005,
there is an advantage of downsizing or the like.

[0160]
The structure and the operation of the charge and discharge control circuit 5004

shown in FIG. 5A are described with reference to a block diagram in FIG. 5B. The
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solar cell 5003, the battery 5005, the converter 5006, a coniferter 5007, switches SW1 to
SW3, and the display portion 5001 are shown in FIG. 5B, and the battery 5005, the
converter 5006, the converter 5007, and the switches SW1 to SW3 correspond to the
charge and discharge control circuit 5004.

[0161] _

Here, an example of operation in the case where power is generated by the solar
cell 5003 using external light is described. The voltage of power generated by the
solar cell 5003 is raised or lowered by the converter 5006 so that the power has a
voltage for charging the battery 5005. When the power from the solar cell 5003 is used
for the operation of the display portion 5001, the switch SW1 is turned on and the
voltage of the power is raised or lowered by the converter 5007 so as to be a voltage
needed for the display portion 5001. In addition, when display on the display portion
5001 is not performed, the switch SW1 is turned off and the switch SW2 is turned on so
that the battery. 5005 may be charged.

[0162]

Next, operation in the case where power is not generated by the solar cell 5003
using external light is described. The voltage of power accumulated in the battery
5005 is raised or lowered by the converter 5007 by turning on the switch SW3. Then,
power from the battery 5005 is used for the operation of the display portion 5001.

[0163]

Note that although the solar cell 5003 is described as an example of a means for
charge, the battery 5005 may be charged by another means. In addition, a combination
of the solar cell 5003 and another means for charge may be used.

[0164]

FIG. 6A shows a laptop personal computer, which includes a main body 6001, a
housing 6002, a display portion 6003, a keyboard 6004, and the like. The liquid
crystal display device described in Embodiment 3 or Embodiment 4 is applied to the

display portion 6003, whereby a laptop personal computer which has high contrast and

. high visibility and is capable of high-speed response, high performance, and low voltage

driving can be provided.
[0165] _
FIG. 6B illustrates a personal digital assistant (PDA) including a display portion
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6012, an external interface 6013, an operation button 6014, and the like in a main body
6011. A stylus 6015 is included as an accessory for operation. The liquid crystal
display device described in Embodiment 3 or Embodiment 4 is applied to the display
portion 6012, whereby a personal digital assistant (PDA) which has high contrast and
high visibility and is capable of high-speed response, high performance, and low voltage
driving can be provided.

[0166]

FIG. 6C illustrates an example of an e-book reader. For example, the e-book
reader 6021 includes two housings, a housing 6022 and a housing 6023. The housing
6022 and the housing 6023 are combined with a hinge 6024 so that the e-book reader
6021 can be opened and closed with the hinge 6024 as an axis. With such a structure,
the e-book reader 6021 can operate like a paper book.

[0167] |

A display portion 6025 and a display portion 6026 are incorporated in the
housing 6022 and the housing 6023, respectively. The display portion 6025 and the
display portion 6026 may display one imége or different images. In the structure
where different images are displayed in different display portions, for example, the right
display portion (the display portion 6025 in FIG. 6C) can display text and the left
display portion (the display portion 6026 in FIG. 6C) can display images. When the
liquid crystal display device described in Embodiment 3 or Embodiment 4 is applied to
the display portions 6025 and 6026, the e-book reader 6021 which has high contrast and
high visibility and is capable of high-speed response, high performance, and low voltage
driving can be obtained.

[0168]

FIG. 6C illustrates an example in which the housing 6022 is provided with an
operation portion and the like. For example, the housing 6022 is provided with a
power switch 6027, operation keys 6028, a speaker 6029, and the like. With the
operation keys 6028, pages can be turned. Note that a keyboard, a pointing device, or
the like may also be provided on the surface of the housing, on which the display
portion is provided. Furthermore, an external connection terminal (an earphone
terminal, a USB terminal, or the like), a recording medium insertion portion, and the

like may be provided on the back surface or the side surface of the housing. Moreover,
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the e-book reader 6021 may have a function of an electronic dictionary.
[0169]

The e-book reader 6021 may have a structure capable of wirelessly transmitting
and receiving data. Through wireless communication, desired book data or the like can

be purchased and downloaded from an electronic book server.

[0170]

FIG. 6D illustrates a mobile phone, which includes two housings, a housing
6031 and a housing 6032. The housing 6031 includes a display panel 6033, a speaker
6034, a microphone 6035, a pointing device 6036, a camera lens 6037, an external
connection terminal 6038, and the like. In addition, the housing 6032 includes a solar
cell 6039 having a function of charge of the personal digital assistant, an external
memory slot 6040, and the like. Further, an antenna is incorporated in the housing
6031. The liquid crystal display device described in Embodiment 3 or Embodiment 4
is applied to the display panel 6033, whereby a mobile phone which has high contrast
and high visibility and is capable of high-speed response, high performance, and low
voltage driving can be provided.

[0171]

The display panel 6033 is provided with a touch panel. A plurality of
operation keys 6041 which is displayed as images is illustrated by dashed lines in FIG.
6D. Note that a boosting circuit by which a voltage output from the solar cell 6039 is
increased to be sufficiently high for each circuit is also included.

[0172]

The display direction of the display panel 6033 can be appropriately changed
depending on a usage pattern. Further, the display device is provided with the camera
lens 6037 on the same surface as the display panel 6033, and thus it can be used as a
video phone. The speaker 6034 and the microphone 6035 can be used for videophone
calls, recording and playing sound, and the like as well as voice calls. Moreover, the
houéing 6031 and the housing 6032 developed as shown in FIG. 6D can be slid so that
one is lapped over the other; thus, the size of the mobile phone can be reduced, which
makes the mobile phone suitable for being carried.

[0173]

The external connection terminal 6038 can be connected to an AC adapter and
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various types of cables such as a USB cable, and charging and data communication with
a personal computer are possible. Moreover, a large amount of data can be stored by
inserting a storage medium into the external memory slot 6040 and can be moved.
[0174] |

Further, in addition to the above functions, an infrared communication function,

- a television reception function, or the like may be provided.

[0175]

FIG. 6E illustrates a digital video camera which includes a main body 6051, a
display portion A 6052, an eyepiece 6053, an operation switch 6054, a display portion B
6055, a battery 6056, and the like. The liquid crystal display device described in
Embodiment 3 or Embodiment 4 is applied to the display portion A 6052 and the display
portion B 6055, whereby a digital video camera which has high contrast and high
visibility and is capable of high-speed response, high performance, and low voltage
driving can be provided.

[0176]

FIG. 6F illustrates an example of a television device. In a television set 6061,
a display portion 6063 is incorporated in a housing 6062. The display portion 6063
can display images. Here, the housing 6062 is supported by a stand 6064. When the
liquid crystal display device described in Embodiment 3 or Embodiment 4 is applied to
the display portion 6063, the television set 6061 which has high contrast and high
visibility and is capable of high-speed response, high performance, and low voltage
driving can be obtained. '

[0177]

The television set 6061 can be operated by an operation switch of the housing
6062 or a separate remote controller. Further, the remote controller may be provided
with a display portion for displaying data which is output from the remote controller.
[0178]

Note that the television set 6061 is provided with a receiver, a modem, and the
like. With use of the receiver, general television broadcasting can be received.
Moreover, when the display device is connected to a communication network with or
wifhout wires via the modem, one-way (from a sender to a receiver) or two-way

(between a sender and a receiver or between receivers) information communication can
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be performed.
[0179] _

The structures described in this embodiment can be combined as appropriate
with any of the structures described in the other embodiments.
[Example 1]

[0180]

In this example, ten kinds of liquid crystal compositions were manufactured as
liquid crystal compositions each of which is one embodiment of the present invention,
and the results of polymer stabilization treatment (polymerization treatment) performed
on the liquid crystal compositions are shown.

[0181]

In the manufacturing of the liquid crystal compositions in this example, as a
liquid crystal material exhibiting a blue phase, E-8 (abbreviation) (produced by Merck
Ltd., Japan or LCC Corporation),
4-(trans-4-n-propylcyclohexyl)-3',4"-difluoro-1,1'-biphenyl ~ (abbreviation: CPP-3FF),
and 4-n-pentylbenzoic acid 4-cyano-3-fluorophenyl ester (abbreviation: PEP-5CNF); as
a mnon-liquid-crystalline monomer, dodecyl methacrylate (abbreviation: DMeAc)
(produced by Tokyo Chemical Industry Co., Ltd.); as a polymerization initiator, DMPAP
(abbreviation) (produced by Tokyo Chemical Industry Co., Ltd.); as a chiral agent,
1,4:3,6-dianhydro-2,5-bis[4-(n-hexyl-1-oxy)benzoic acid]sorbitol (abbreviation:
ISO-(60BA),) (produced by Midori Kagaku Co., Ltd.) were used. As a liquid
crystalline monomer, any of ten materials shown in Table 1 was used. Thus, ten kinds
of liquid crystal compositions were formed. Note that structural formulae of the
above-described substances are shown below.

[0182]

OO

CPP-3FF
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L ZQCN

PEP-5CNF

O
ISO-(60BA),
)\n/ o O OCHjz
° X0
O OCH3
Dodecyl Methacrylate : DMPAP

[0183]

Further, structures of the liquid crystal compositions formed in this example are

shown in Table 1. The mixture ratios are all represented in weight ratios (wt%).
[0184] |
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[Table 1]
Material Mixture ratio
Classification (wt%)
E-8 34.0
liquid crystal material CPP-3FF 25.5
PEP-5CNF 255
non—liquid—crystalline
dodecyl methacrylate 4.0
monomer
RM-03
RM-04
RM-05
RM-06
liquid crystal RM-0O7 40
monomer RM-08 '
RM-09
RM-010
RM-0O11
RM-012
pol.yr.n.erlzat|on DMPAP small amount
inrtiator
chiral agent ISO-(60BA)2 6.9
Total 100.0

[0185]

In this example, a liquid crystal cell was manufactured by providing a liquid

crystal composition between a pair of glass substrates and sealing with a sealant in order

to perform polymer stabilization treatment of the liquid crystal composition.

Note that

liquid crystal monomers used for liquid crystal cells (liquid crystal cell 1 to liquid

crystal cell 10) are shown in Table 2.

[0186]



10

15

WO 2012/074081 51 PCT/JP2011/077881

[Table 2]
Liquid crystal monomer Chain Length of Alkylene
group (O and/or C)
liquid crystal cell 1 RM-03 4
liquid crystal cell 2 RM-04 5
liguid crystal cell 3 RM-05 6
liquid crystal cell 4 RM-06 1
liquid crystal cell 5 RM-0O7 8
liquid crystal cell 6 RM-08 9
liquid crystal cell 7 RM-09 10
liquid crystal cell 8 RM-010 11
liquid crystal cell 9 RM-011 12
liquid crystal cell 10 RM-012 13
[0187]

In the formation of each of the liquid crystal cells 1 to 10, a pair of glass
substrates was bonded to each other with a sealant so that a space (4 um) was formed
between the substrates, and then the liquid crystal composition formed with the mixture
ratio shown in Table 1 was injécted between the substrates by an injection method.
[0188]

Note that an ultraviolet and heat curable sealant was used as a sealant. As
curing treatment, an ultraviolet light irradiation treatment (irradiance: 100 mW/cmz) was
performed for 90 seconds, and then, heat treatment was performed at 120 °C for an hour.
[0189] |

Next, polymer stabilization evaluation of the liquid crystal cells was performed.
For the polymer stabilization evaluation, a polarizing microscope (MX-50 produced by
Olympus Corporation) and a temperature controller (MK1000 produced by Instec, Inc.)
were used. J '

[0190]
The polymer stabilization treatment was performed as follows. The liquid

crystal composition in the liquid crystal cell was heated to a temperature at which an
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isdtropic phase appears, and then the temperature was decreased to a given temperature
as a constant temperature. Then ultraviolet light irradiation (wavelength: 365 nm,
irradiance: 11 mW/cmz) was performed for six minutes. Note that as for a given
temperature during the UV light irradiation, the evaluation was performed in increments
of 1 °C.

[0191]

The measurement was performed with the polarizing microscope under the
following conditions: a measurement mode is a reflective mode; polarizers are disposed
in crossed nicols; the magnification is 200 times; and the temperature is room
temperature.

[0192]

FIG. 10 shows upper limits and lower limits of the temperature where the
polymer stabilization treatment (here, polymerization treatment by UV light irradiation)
for obtaining the polymer/liquid crystal composite with a wide temperature range where
a polymer-stabilized blue phase appears can be performed.

[0193]

From the results shown in FIG. 10, it is found that when a liquid crystalline
monomer including a mesogenic skeleton has an alkylene group with a certain chain
length (the sum of oxygen atoms and/or carbon atoms), the temperature range where
polymer stabilization treatment (here, polymerization treatment by UV light irradiation)
can be performed can be extended as conipared with a normal liquid crystalline
monomer.

[0194]

Therefore, as for the liquid crystalline monomer including a mesogenic
skeleton, it is preferable that the chain length of an alkylene group (the sum of oxygen
atoms and/or carbon atoms) be 20 or less for extending the temperature range where
polymer stabilization treatment (here, polymerization treatment by UV light irradiation)
can be performed. It is further preferable that the chain length of an alkylene group
(the sum of oxygen atoms and/or carbon atoms) be 12 or less.

[0195]
From the results shown in FIG. 10, in the case of using a liquid crystalline

monomer in which the chain length of an alkylene group (the sum of oxygen atoms
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and/or carbon atoms) is an odd number, the temperature range where polymer
stabilization treatment can be performed (the range between the upper limit and the
lower limit) is likely to be extended. In particular, in the case of using a liquid
crystalline monomer in which the chain length of an alkylene group (the sum of oxygen
atoms and/or carbon atoms) is 7, the temperature range where polymer stabilization
treatment can be performed can be wide as compared with the case of using a liquid
crystalline monomer in which the chain length of an alkylene group (the sum of oxygen
atoms and/or carbon atoms) is 6 or 8.

[0196]

Specifically, in the case of using a liquid crystalline monomer in which an
alkylene group whose channel length (the sum of oxygen atoms and/or carbon atoms) is
an odd number (particularly preferably 7) is bonded to each of ends of the mesogenic
skeleton of this example, and an end group of the alkylene group is an acryloyl group, it
is possible to extend the temperature range where polymer stabilization treatment for
obtaining the polymer/liquid crystal composite with a wider blue phase appearance
temperature range can be performed.

[0197]

In general, as for a polymer-stabilized blue phase, a factor extending the blue
phase appearance temperature range is that in a process of polymer stabilization
treatment (polymeriiation treatment) of a monomer by UV light irradiation, phase
separation occurs between a liquid crystal material and a polymer obtained by the
polymerization, and the polymer is concentrated (polymerized) in a disclination region
of the blue phase.

[0198]

Therefore, in this example, in the case of using a liquid crystal composition
including the liquid crystalline monomer including a mesogenic skeleton in which an
alkylene group whose channel length is an odd number (particularly preferably 7) is
bonded to each of ends of the mesogenic skeleton of this example, and an end group of
the alkylene group is an acryloyl group, phase separation between a liquid crystal
material and a polymer is performed more efficiently; thus, the treatment temperature

range where polymer stabilization treatment can be performed is extended.

[0199]
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FIGS. 13A to 13D show orientation states when a polymer-stabilized blue
phase appears in the case of using the liquid crystalline monomer including a mesogenic
skeleton of this example. The case where the chain length of an alkylene group (the
sum of oxygen atoms and/or carbon atoms) is an odd number and the case where the
chain length of an alkylene group is an even number are shown. Note that FIG. 13A
shows the case where the chain length of an alkylene group (the sum of oxygen atoms
and/or carbon atoms) of the liquid crystalline monomer is 4, FIG. 13B shows the case
where the chain length of an alkylene group is 6, FIG. 13C shows the case where the
chain length of an alkylene group is 5, and FIG. 13D shows the case where the chain
length of an alkylene group is 7. |
[0200] ‘

According to the results, a platelet state is seen in the case where the chain
length of an alkylene group (the sum of oxygen atoms and/or carbon atoms) of the liquid
crystalline monomer is 4 or 6 which is an even number, and a platelet state is not seen in
the case where the chain length of an alkylene group (the sum of oxygen atoms and/or
carbon atoms) of the liquid crystalline monomer is 5 or 7 which is an odd number.
[0201]

From the results of this example, it is found that with use of the liquid crystal
composition that is one embodiment of the present invention, the temperature range of
polymer stabilization treatment for obtaining the polymer/liquid crystal composite with
a wider blue phase appearance temperature range can be widened.

[0202]

Note that as for a liquid crystal composition that can exhibit a
polymer-stabilized blue phase, extension of the temperature range where polymer
stabilization treatment can be performed is very effective when it is difficult to control
the temperature at which UV light irradiation is 'performed for manufacturing a
large-area liquid crystal display device or the like.

[0203]
[Example 2]
[0204]
In this example, a synthesis method of

1,4-bis[4-(7-acryloyloxy-n-heptyl-1-0xy)benzoyloxy]-2-methylbenzene ~ (abbreviation:
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RM-07), which is a liquid crystalline monomer included in the liquid crystal
composition that is one embodiment of the present invention, and represented by the
structural formula (105) in Embodiment 1, is described in detail. -
[0205]

HsC 0
SSUUUIEY Yo T at e aare

0 o@—& o)
o)
(105)

[0206]
[Step 1: Synthesis of 4-(7-hydroxy-n-heptyl-1-oxy)benzoic acid ethyl ester]
[0207]

O
HO— Ho_\ FOHO N NN N,

[0208]

In a 200 mL recovery flask were put 3.5 g (21 mmol) of 4-hydroxybenzoic acid
ethyl ester, 4.9 g (25 mmol) of 7-bromo-1-heptanol, 1.0 g (25 mol) of sodium hydroxide,
3.2 g (21 mmol) of sodium iodide, and 120 mL of 2-butanone, and the mixture was
stirred at 60 °C for 11 hours under a nitrogen stream. Then, completion of the reaction
was confirmed using TLC and after that, the obtained mixture was gravity filtered and
the residue was dissolved in water. Thus obtained solution was extracted three times,
and the extracted solution and the filtrate were mixed and dried with magnesium sulfate.
The mixture was gravity filtered, and the obtained filtrate was concentrated to give a
white solid.

[0209]
The obtained solid was purified by silica gel column chromatography (a

developing solvent of 1000 mL, ethyl acetate: hexane = 1:2). The obtained fractions
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including a target substance were concentrated, so that 5.0 g of a colorless oily
substance was obtained in a yield of 85 %.

[0210]

[Step 2: Synthesis of 4-(7-hydroxy-n-heptyl-1-oxy)benzoic acid]

[0211]

PN O KOH
HO 0 -

O_\ water

0
NN
HO 0‘@ (A-2)
OH

In a 500 mL recovery flask were put 5.0 g (18 mmol) of 4-(7-hydroxy-n-heptyl

[0212]

-1-oxy)benzoic acid ethyl ester and 150 mL of a potassium hydroxide aqueous solution
(0.5 mol/L), and the mixture was stirred at 100 °C for 10 hours under a nitrogen stream.
Then, completion of the reaction was confirmed using TLC. Into the obtained solution,
diethyl ether and dilute hydrochloric acid were added, and an aqueous layer was
subjected to extraction three times with diethyl ether. An organic layer and the
extracted solution were mixed and dried with magnésium sulfate. The mixture was
separated by gravity filtration, and the filtrate was concentrated to give 3.3 g of a pale

yellow solid that was a target substance in a crude yield of 73 %.

[0213] _
[Step 3: Synthesis of 4-(7-acryloyloxy-n-heptyl-1-oxy)benzoic acid]
[0214]
NN _< >__<O ?
HO (0] o + | \/LCI
0]

N,N-Dimethylaniline

. O
o ~ NN
1,4-Dioxane \/U\O O@ (A-3)

OH

[0215]
In a 500 mL recovery flask were put 3.3 g (13 mmol) of
4-(7-hydroxy-n-heptyl-1-oxy)benzoic acid, 100 mL of 1,4-dioxane, and 1.9 g (16 mmol)
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of N,N-dimethylaniline, and the mixture was stirred. Into the solution, 1.4 g (15 mmol)

of acryloyl chloride was slowly added, and then the solution was stirred at 60 °C for

four hours under a nitrogen stream. Then, completion of the reaction was confirmed

using TLC. The obtained solution was slowly added into about 800 mL of water, so

that a white solid was precipitated. The white solid was collected by suction filtration

and dried to give 3.5 g of a white solid that was a target substance in a crude yield of 88

%.

[0216] _

[Step 4: Synthesis of
1,4-bis[4-(7-acryloyloxy-n-heptyl-1-oxy)benzoyloxy]-2-methylbenzene (abbreviation:
RM-07)] | |

[0217]
0 | EDC
HOGOH + 2\)]\0/\/\/\/\0 P DMAP
OH CH,Cl,
acetone
? O
O
_ (f . )—QO/\/\/\/\OJ\/ (A-4)
o _
(105)
[0218]

In a 300 mL recovery flask were put 3.5 g (11‘ mmol) of
4-(7-acryloyloxy-n-heptyl-1-oxy)benzoic  acid, 071 g (5.7 mmol) of
methylhydroquinone, 0.21 g (1.7 mmol) of 4-(N,N-dimethyl)aminopyridine (DMAP),
80 mL of acetone, and 40 mL of dichloromethane, and the mixture was stirred under air.
Into this mixture, 2.2 g (11 mmol) of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloridev(EDC) was added, so that all the materials were dissolved to give a
solution. This solution was stirred at room temperature for 20 hours under air.

[0219]
After completion of the reaction was confirmed using TLC, about 40 mL of

chloroform was added to the solution. This solution was concentrated to about 60 mL,
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and a saturated aqueous solution of sodium hydrogen carbonate and saturated saline
were added to the obtained solution. An aqueous layer of this mixture was extracted
with chloroform three times, and the extracted solution was combined with an organic
layer and then dried with magnesium sulfate. This mixture was separated by gravity
filtration, and the filtrate was concentrated to give an oily substance.
[0220]

The obtained oily substance was purified by silica gel column chromatography
(a developing solvent of 700 mL, ethyl acetate: hexane = 1:1). The obtained fractions
including a target substance were concentrated, so that a colorless oily substance was
obtained. The obtained colorless oily substance was purified by high performance
liquid chromatography (abbreviated to HPLC, developing solvent: chloroform), so that

0.38 g of a white solid that is a target substance was obtained in a yield of 14 %.

- [0221]

It was confirmed that this compound was
1,4-bis[4-(7-acryloyloxy-n-heptyl-1-oxy)benzoyloxy]-2-methylbenzene  (abbreviation:
RM-07) by nuclear magnetic resonance (NMR).

[0222]

'H NMR data of the obtained compound is shown below.

'H NMR (CDCl, 300 MHz): & (ppm) = 1.38 - 1.51 (m, 12H), 1.68 - 1.86 (m, 8H), 2.24
(s, 3H), 4.05 (t, ] = 5.4 Hz, 4H), 4.17 (t, J = 6.6 Hz, 4H), 5.82 (dd, J1 = 10 Hz,J2 = 1.5
Hz, 2H), 6.13 (dd, J1 = 10 Hz, J2 = 17 Hz, 2H), 6.41 (dd, J1 = 1.5 Hz, J2 = 17 Hz, 2H),
6.95 - 7.00 (m, 4H), 7.06 — 7.19 (m, 3H), 8.12 - 8.18 (m, 4H).

[0223]

FIG. 7 and FIGS. 8A and 8B show the "H NMR charts. Note that FIG. 8A is a
chart obtained by enlarging the range of 1.0 ppm to 5.0 ppm in FIG. 7. FIG. 8B is a
chart obtained by enlarging the range of 5.5 ppm to 8.5 ppm in FIG. 7. The
measurement results show that
1,4-bis[4-(7-acryloyloxy-n-heptyl-1-oxy)benzoyloxy]-2-methylbenzene  (abbreviation:
RM-Q7) represented by the structural formula (105) was obtained.

[0224]

FIG. 9 shows an absorption spectrum of RM-O7 in a dichloromethane solution
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of RM-O7 (abbreviation). An ultraviolet-visible spectrophotometer (V-550, produced
by JASCO Corporation) was used for the measﬁrement. The spectrum of RM-O7
(abbreviation) was obtained as follows: the dichloromethane solution of RM-O7
(abbreviation) was put in a quartz cell and the absorption spectrum thereof was
measured, and then the absorption spectra of quartz and dichloromethane were
substracted.

[0225]

In FIG. 9, the horizontal axis indicates wavelength (nm) and the vertical axis
indicates absorption intensity (a given unit). In the case of the dichloromethane
solution, an absorption peak was observed at around 263 nm.

[0226]

Note ~ that the syntheses _ of
1,4-bis[4-(5-acryloyloxy-n-pentyl-1-0xy)benzoyloxy]-2-methylbenzene  (abbreviation:
RM-O5) and 1,4-bis[4-(11-acryloyloxy-n-undecyl-1-oxy)benzoyloxy]-2-methylbenzene
(abbreviation: RM-O11) described in Embodiment 1 were performed using
5-bromo-1-pentanol  and  11-bromo-1-undecanol, respectively, instead of
7-bromo-1-heptanol at the step represented by the reaction formula (A-1) in the
synthesis of RM-O7 (abbreviation) described in this example. Then, reactions
corresponding to the reaction formulae (A-2) to (A-4) were performed, whereby RM-035
and RM-O11 were obtained.

[0227]

Further, the syntheses of
1,4-bis[4-(2-methacryloyloxyethyl-1-oxy)benzoyloxy]-2-methylbenzene (abbreviation:
MeRM-02) and 1,4-bis[4-(4-acryloyloxy-n-butyl-1-oxy)benzoyloxy]-2-methylbenzene
(abbreviation: RM-04) described in Embodiment 1 were performed using
4-(2-methacryloyloxy-1-oxy)benzoic acid and 4-(4-acryloyloxy-n-butyl-1-oxy)benzoic
acid, respectively, instead of 4-(7-acryloyloxy-n-heptyl-1-oxy)benzoic acid at the step
represented by the reaction formula (A-4) in the synthesis of RM-0O7 (abbreviation)
described in this example.

[0228]
[Example 3]

In this example, a liquid crystal element formed using the liquid crystal
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composition that is one embodiment of the present invention, and the characteristics
thereof are described.
[0229]

In this example, a liquid crystal element 1 was formed using the liquid crystal
composition used for the liquid crystal cell 1 in Example 1; a liquid crystal element 2
was formed using the liquid crystal composition used for the liquid crystal cell 2 in
Example 1; and a liquid crystal element 4 was formed using the liquid crystal
composition used for the liquid crystal cell 4 in Example 1.

[0230]

In the manufacturing of the liquid crystal element 1, the liquid crystal element 2,
and the liquid crystal element 4, a glass Substrate over which a pixel electrode layer and
a common electrode layer are formed in a comb-like shape was bonded to another glass
substrate with a sealant to have a space (4 um) between the substrates, and then the

liquid crystal composition was injected between the substrates by an injection method.

‘The pixel electrode layer and the common electrode layer were formed using indium tin

oxide (ITSO) containing silicon oxide by a sputtering method. Note that the thickness
was set to 110 nm, the width of the pixel electrode layer, the width of the common
electrode layer, and the interval between the pixel electrode layer and the common
electrode layer were each set to 2 pm.

[0231]

Note that an ultraviolet and heat curable sealant was used as a sealant. As
curing treatment, an ultraviolet light irradiation treatment (irradiance: 100 mW/cm?) was
performed for 90 seconds, and then, heat treatment was performed at 120 °C for an hour.
[0232]

Next, the polymer stabilization treatment was performed as follows. The
liquid crystal composition in the liquid crystal element was heated to a temperature at
which an isotropic phase appears, and then the temperature was decreased to a given
temperature as a constant temperature. Then ultraviolet light irradiation (wavelength:
365 nm, irradiance: 11 mW/cm®) was performed for six minutes.

[0233]
The UV light irradiation temperatures of the liquid crystal element 1, the liquid
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crystal element 2, and the liquid crystal element 4 were set to the respective
temperatures at which polymer stabilization of the liquid crystal cell 1, the liquid crystal
cell 2, and the liquid crystal cell 4 can be performed in Example 1.

[0234] v

The voltage-transmittance characteristics of the thu.s obtained liquid crystal
element 1, liquid crystal element 2, and liquid crystal element 4 were measured. FIG.
11 shows the measurement results of the voltage-transmittance characteristics.

[0235]

Note that the measurement of voltage-transmittance characteristics was
performed with use of LCD-7200 (produced by Otsuka Electronics Co., Ltd.) under the
conditions where a measurement mode was a transmissive mode; and polarizers were
disposed in crossed nicols.

[0236] ,

From the results of FIG. 11, it is found that the driving voltage is low with use
of a liquid crystalline monomer in which the chain length of an alkylene group (the sum
of oxygen atoms and/or carbon atoms) is large.

[0237]

Accordingly, from the results of this example, it is found that among the liquid
crystalline monomers each including a mesogenic skeieton which are each one
embodiment of the present invention, with use of a liquid crystalline monomer in which
the chain length of an alkylene group (the sum of oxygen atoms and/or carbon atoms) is
large, the driving voltage of a liquid crystal element formed using the liquid crystalline
monomer can be decreased.

[Example 4]
[0238]

In this example, 10 kinds of liquid crystal compositions were manufactured
using the liquid crystal material exhibiting a blue phase which is different from that used
in Example 1, as liquid crystal compositions of one embodiment of the present invention,
and the results of polymer stabilization treatment (polymerization treatment) performed
on the liquid crystal compositions are shown.

[0239]

In the manufacturing of the liquid crystal compositions in this example, as a
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liquid crystal material exhibiting a blue phase, MDA-00-3506 (abbreviation) (produced
by Merck Lid., Japan), NEDO LC-C (abbreviation) (produced by Merck Ltd., Japan),

‘4-(trans-4-n-propylcyclohexyl)-3',4'-diﬂu0ro-1,1'-biphenyl (abbreviation: CPP-3FF),

and 4-n-pentylbenzoic acid 4-cyano-3-fluorophenyl ester (abbreviation: PEP-5CNF); as
a non-liquid-crystalline monomer, dodecyl methacrylate (abbreviation: DMeAc)
(produced by Tokyo Chemical Industry Co., Ltd.); as a polymerization initiator, DMPAP
(abbreviation) (produced by Tokyo Chemical Industry Co., Ltd.); as a chiral agent,
1,4:3,6-dianhydro-2,5-bis[4-(n-hexyl-1-0xy)benzoic acid]sorbitol (abbreviation:
ISO-(60BA)2) (produced by Midori Kagaku Co., Ltd.) were used. As a liquid
crystalline monomer, any of ten materials shown in Table 3 was used. Thus, ten kinds
of liquid crystal compositions were formed. Note that structural formulae of the

above-described substances are shown below.

[0240]
OO
CPP-3FF
oL -on
o) F

PEP-5CNF
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I-?.Io' O
0

e H o

ISO-(60BA),
/1\( O OCH;4
° )0
O OCH3

dodecyl methacrylate DMPAP
[0241] '
Further, structures of the liquid crystal compositions formed in this example are

shown in Table 3. The mixture ratios are all represented in weight ratios (wt%).
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[0242]
[Table 3]
Classification Material Mixture ratio
(wt%)
MDA 255
liquid crystal material LC-C 17.0
CPP-3FF 17.0
PEP-5CNF 255
I li
non-liquid-crystalline dodecyl methacrylate 40
monomer
- RM-03
RM-04
RM-05
RM-06
liquid crystal RM-07 40
monomer RM-08 '
RM-09
RM-010
RM-011
RM-012
polymerization DMPAP small amount
initiator
chiral agent ISO-(60BA)2 6.9
Total 100.0

[0243]

In this example, a liquid crystal cell was manufactured by providing a liquid

crystal composition between a pair of glass substrates and sealing with a sealant in order

to perform polymer stabilization treatment of the liquid crystal composition. Note that

liquid crystal monomers used for liquid crystal cells (liquid crystal cell 11 to liquid

crystal cell 20) are shown in Table 4.

[0244]
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[Table 4]
Chain Length of
Liquid crystal monomer | Alkylene group
(O and/or C)
liquid crystal cell 11 RM-03 4
liquid crystal cell 12 RM-04 5
liquid crystal cell 13 RM-05 )
liquid crystal cell 14 RM-06 -]
liquid crystal cell 15 RM-07 8
liquid crystal cell 16 RM-08 9
liquid crystal cell 17 RM-09 10
liquid crystal cell 18 RM-010 11
liquid crystal cell 19 RM-011 ' 12
liquid crystal cell 20 RM-012 13
[0245]

In the formation of each of the liquid crystal cells 11 to 20, a pair of glass
substrates was bonded to each other with a sealant so that a space (4 um) was formed
between the substrates, and then the liquid crystal composition formed with the mixture
ratio shown in Table 1 was injected between the substrates by an injection -method.
[0246]

Note that an ultraviolet and heat curable sealant was used as a sealant. As
curing treatment, an ultraviolet light irradiation treatment (irradiance: 100 mW/ch) was
performed for 90 seconds, and then, heat treatment was performed at 120 °C for an hour.
[0247]

Next, polymer stabilization evaluation of the liquid crystal cells was performed.
For the polymer stabilization evaluation, a polarizing microscope (MX-50 produced by
Olympus Corporation) and a temperature controller (MK1000 produced by Instec, Inc.)
were used. |

[0248]
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The polymer stabilization treatment was performed as follows. The liquid
crystal composition in the liquid crystal cell was heated to a temperéture at which an
isotropic phase appears, and then the temperature was decréased to a given temperature
as a constant temperature. Then ultraviolet light irradiation (wavelength: 365 nm,
irradiance: 11 mW/cm®) was performed for six minutes. Note that as for a given
temperature during the UV light irradiation, the evaluation was performed in increments
of 1 °C.

[0249]

The measurement was performed with the polarizing microscope under the
following conditions: a measurement mode is a reflective mode; polarizers are disposed
in crossed nicols; the magnification is 200 times; and the temperature is room
temperature.

[0250]

FIG. 12 shows upper limits and lower limits of the temperature where the
polymer stabilization treatment (here, polymeriiation treatment by UV light irradiation)
for obtaining the polymer/liquid crystal composite with a wide temperature range where
a polymer-stabilized blue phase appears can be performed.

[0251]

From the results shown in FIG. 12, it is found that when a liquid crystalline
monomer including a mesogenic skeleton has an alkylene group with a certain chain
length (the sum of oxygen atoms and/or carbon atoms), the temperature range where
polymer stabilization treatment (here, polymerization treatment by UV light irradiation)
can be performed can be extended as compared with a normal liquid crystalline
MONOMmer.

[0252]

Therefore, as for the liquid crystalline monomer including a mesogenic
skeleton, it is preferable that the chain length of an alkylene group (the sum of oxygen
atoms and/or carbon atoms) be 20 or less for extending the temperature range where
polymer stabilization treatment (here, polymerization treatment by UV light irradiation)
can be performed. It is further preferable that the chain length of an alkylene group
(the sum of oxygen atoms and/or carbon atoms) be 12 or less.

[0253]
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From the results shown in FIG. 12, in the case of using a liquid crystalline
monomer in which the chain length of an alkylene group (the sum of oxygen atoms
and/or carbon atoms) is an odd number, the temperature range where polymer
stabilization treatment can be performed (the range between the upper limit and the
lower limit) is likely to be extended. In particular, in the case of using a liquid
crystalline monomer in which the chain length of an alkylene group (the sum of oxygen
atoms and/or carbon atoms) is 9, the temperature range where polymer stabilization
treatment can be performed can be wide as compared with the case of using a liquid
crystalline monomer in which the chain length of an alkylene group (the sum of oxygen
atoms and/or carbon atoms) is 6 or 10.

[0254]

Specifically, in the case of using a liquid crystalline monomer in which an
acryloyl group is bonded to each of ends of the mesogenic skeleton of this example, and
the length of an alkylene group (the sum of oxygen atoms and/or carbon atoms) is an
odd number, particularly 9, the temperature range where polymer stabilization treatment
can be performed can be extended.

[0255]

In general, as for a polymer-stabilized blue phase, a factor extending the blue
phase appearance temperature range is that in a process of polymer stabilization
treatment (polymerization treatment) of a monomer by UV light irradiation, phase
separation occurs between a liquid crystal material and a polymer obtained by the
polymerization, and the polymer is concentrated (polymerized) in a disclination region
of the blue phase.

[0256]

Therefore, from the results of this example, in the case of using a liquid crystal
composition including the liquid crystalline monomer including a mesogenic skeleton of
this example and the liquid crystalline monomer has an alkylene group whose chain
length (the sum of oxygen atoms and/or carbon atoms) is an odd number, particularly 9,
phase separation between a liquid crystal material and a polymer is performed more
efficiently; thus, the treatment temperature range where polymer stabilization treatment
can be performed is extended.

[0257]
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FIGS. 14A to 14D show orientation states when a polymer-stabilized blue
phase appears in the case of using the liquid crystalline monomer including a mesogenic
skeleton of this example. The case where the chain length of an alkylene group (the
sum of oxygen atoms and/or carbon atoms) is an odd number and the case where the
chain length of an alkylene group is an even number are shown. Note that FIG. 14A
shows the case where the chain length of an alkylene group (the sum of oxygen atoms
and/or carbon atoms) of the liquid crystalline monomer is 4, FIG. 14B shows the case
where the chain length of an alkylene group is 6, FIG. 14C shows the case where the
chain length of an alkylene group is 5, and FIG. 14D shows the case where the chain
length of an alkylene group is 7.

[0258]

According to the results, a platelet state is seen in the case where the chain
length of an alkylene group (the sum of oxygen atoms and/or carbon atoms) of the liquid
crystalline monomer is 4 or 6 which is an even number and the case where the ¢hain
length of an alkylene group (the sum of oxygen atoms and/orb carbon atoms) of the liquid
crystalline monomer is 5 or 7 which is an odd number. In the case of an odd number, it
was confirmed that the size of platelet was larger.

[0259]

From the results of this example, it is found that with use of the liquid crystal
composition that is one embodiment of the present invention, the temperature range of
polymer stabilization treatment for obtaining the polymer/liquid crystal composite with
a wider blue phase appearance temperature range can be widened.

[0260]

Note that as for a liquid crystal composition that can exhibit a
polymer-stabilized blue phase, extension of the temperature range .Where polymer
stabilization treatment can be performed is very effective when it is difficult to control
the temperature at which UV light irradiation is performed for manufacturing a

large-area liquid crystal display device or the like.

EXPLANATION OF REFERENCE
[0261]

100: liquid crystalline monomer, 100a, 100b: liquid crystalline monomer, 101:
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mesogenic skeleton, 101a, 101b: mesogenic skeleton, 102: alkylene group, 102a, 102b:
alkylene group, 103a, 103b: alkylene group, 200: first substrate, 201: second substrate,
202: liquid crystal layer, 203: pixel electrode layer, 204: common electrode layer, 301:
gate wiring layer, 30la: gate electrode layer, 302: gate insulating layer, 303:
semiconductor layer, 305: source wiring layer, 305a: wiring layer, 307: insulating film,
308: common electrode layer, 309: insulating film, 313: interlayer film, 320: transistor,
341: first substrate, 342: second substrate, 344: liquid crystal layer, 346: common
electrode layer, 347: pixel electrode layer, 5000: housing, 5001: display portion, 5002:
operation key, 5003: solar cell, 5004: charge/discharge control circuit, 5005: battery,
5006: converter (DC-DC converter), 6001: main body, 6002: housing, 6003: display
portion, 6004: keyboard, 6011: main body, 6012: display portion, 6013: external
interface, 6014: operation button, 6015: stylus, 6021: e-book reader, 6022: housing,
6023: housing, 6024: axis portion, 6025: display portion, 6026: display portion, 6027:
power supply, 6028: operation key, 6029: speaker, 6031: housing, 6032: housing, 6033:
display panel, 6034: speaker, 6035: microphone, 6036: pointing device, 6037: camera
lens, 6038: external connection terminal, 6039: solar cell, 6040: external memory slot,
6041: operation key, 6051: main body, 6052: display portion (A), 6053: eyepiece portion,
6054: operation switch, 6055: display portion (B), 6056: battery, 6061: television device,
6062: housing, 6063: display portion, 6064: stand |

This application is based on Japanese Patent Application serial no.
2010-266530 filed with Japan Patent Office on November 30, 2010, the entire contents

of which are hereby incorporated by reference.
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CLAIMS

1. Aliquid crystal composition comprising a liquid crystal material exhibiting a

blue phase and a liquid crystalline monomer represented by a general formula (G1),

Z1_Y1®Y2—Zz (G1)

wherein in the general formula (G1), X represents a mesogenic skeleton; Y;
and Y individually represent an alkylene group having a sum of carbon atoms and/or
oxygen atoms of 1 to 20; and Z; and Z; individually represent an acryloyl group or a

methacryloyl group:

2. The liquid crystal composition according to claim 1, wherein Y; and Y, in
the general formula (G1) individually represent the alkylene group having an odd

number of carbon atoms and/or oxygen atoms in total.

3. The liquid‘crystal composition according to claim 1,

wherein an alkyl group is attached to the alkylene group as a side chain.

4. The liquid crystal composition according to claim 3,
wherein at least one of the alkylene group and the alkyl group includes a

carbonyl group or has an ether bond.

5. The liquid crystal composition according to claim 4,

wherein the carbonyl group and the ether bond forms an ester structure.

6. A liquid crystal composition comprising a liquid crystal material exhibiting a

blue phase, and a liquid crystalline monomer represented by a general formula (G1-1),
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, .
%«8——432)0@0'(32)—0)_( (G1-1)
n m 0 R

wherein in the general formula (G1-1), X; represents a mesogenic skeleton; R!
and R? individually represent any one of hydrogen and a methyl group; and # and m are

5 individually any one of 1 to 19.

7. The liquid crystal composition according to claim 6, wherein X; in the

general formula (G1-1) is represented by any one of structural formulae (s11) to (s18),

oo

(s11)
. @w@
4©_< 9 R1O
10 (s12)

11 R12

(s14)
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RIS R |
RS 0]
(15) (s16)
@]
— o~_)

pa¥e T -

(s18)

5 wherein R’ to R® in the structural formula (s11), R’ to R' in the structural
formula (s12), R" to R' in the structural formula (s13), and R" to R"® in the structural
formula (s15) individually represent any one of hydrogen, a methyl group, and fluorine.

8. The liquid crystal composition according to any one of claims 1 to 7,

10 wherein the liquid crystalline monomer represented by the general formula (G1) or the

general formula (G1-1) is shown by a structural formula (104).
HsC 0
{ > O

(104)

15 9. The liquid crystal composition according to any one of claims 1 to 7,
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wherein the liquid crystalline monomer représented by the general formula (G1) or the

general formula (G1-1) is shown by a structural formula (102).
| HiC 0
O 0] 0] o)
(102)

10. The liquid crystal composition according to any one of claims 1 to 9,

further comprising a non-liquid-crystalline monomer and a polymerization initiator.

11. A polymer/liquid crystal composite comprising the liquid crystal

composition according to any one of claims 1 to 9.

12. A liquid crystal element comprising the liquid crystal composition

according to any one of claims 1 to 9.

13. A liquid crystal element comprising the polymer/liquid crystal composite

according to claim 11.

14. A liquid crystal display device comprising the liquid crystal element

according to claim 12.

15. A liquid crystal display device comprising the liquid crystal element

according to claim 13.
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