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(57) ABSTRACT

A ferroelectric liquid crystal composition having a chiral
smectic C-phase is disposed as a liquid crystal composition
layer between a first substrate and a second substrate arranged
between two polarizing plates of which the planes of polar-
ization are orthogonal to each other. The substrates are pro-
vided with vertically oriented films, respectively, and at least
one of them is provided with orientation treatment that can
form a pretilt angle in a certain direction. The C-director of
the liquid crystal molecule is oriented in the certain direction
at a portion being in contact with the substrate provided with
the orientation treatment and is twisted by at least 180°
between the first substrate and the second substrate. At least
one of the substrates is provided with a pair of electrode
structures generating electric fields approximately parallel to
each other.
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LIQUID CRYSTAL DISPLAY ELEMENT

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device including a ferroelectric liquid crystal composi-
tion.

BACKGROUND ART

[0002] Ferroelectric liquid crystal (FLC) shows ferroelec-
tricity through spontaneous polarization. It is known that
liquid crystal having a permanent dipole moment in a direc-
tion vertical to the molecular long axis direction forms a layer
structure of a smectic phase and that the permanent dipole
moment is not cancelled as an average whole in changing to
a chiral smectic C (hereinafter, abbreviated to SmC*) phase
by tilting of the molecular long axis in this layer and thereby
spontaneous polarization is caused to show ferroelectricity.
Application of a voltage to the ferroelectric liquid crystal
allows the permanent dipole moment to be directed to the
electric field and simultaneously allows the whole molecule
to be aligned. The ferroelectric liquid crystal widely used in
displays is of SmC* phase. Ferroelectric liquid crystal
imparts optical activity (chirality) to smectic liquid crystal
itself, such as p-decyloxybenzylidene p'-amino 2-methylbu-
tyl cinnamate (DOBAMBC) molecular-designed and synthe-
sized by R. B. Meyeretal. in 1975. Even if an optically active
compound itself does not have liquid crystalline properties
(non-liquid crystal compound), a SmC* phase can be
expressed by addition of the optically active compound. In
such a case, a liquid crystal matrix having a non-chiral smec-
tic C (hereinafter, abbreviated to SmC) phase is usually used.

[0003] Among smectic phases having layer structures, in
the SmC¥ phase, the orientation direction of the liquid crystal
molecule has a certain tilt with respect to the layer normal. In
addition, the angle (azimuth) of the tilt with respect to a layer
plane slightly shifts for each layer, which forms a helical
structure in the molecular orientation.

[0004] The response of display devices using ferroelectric
liquid crystal is characteristically 10 times or more rapid
compared to display devices using nematic liquid crystal.
Clark and Lagerwall first applied surface-stabilized ferro-
electric liquid crystal (SSFLC) to displays. After this, ferro-
electric liquid crystal has been actively investigated.

[0005] In SSFLC, the helix is loosened by orienting the
liquid crystal with a parallel-oriented substrate such that the
layer normal is parallel to the substrate surface of a cell
(homogeneous orientation) and reducing the thickness of the
liquid crystal layer. Consequently, the liquid crystal molecule
hardly orients in a direction tilting with respect to the sub-
strate surface, and the range of the azimuth is controlled by
two ways, the memory (bistability) of the orientation is
expressed by the function of the surface stabilization to give
a display by black and white binary display having memory,
and a rapid response is achieved. However, the binary display
has a problem of a difficulty in provision of gradation display.
Furthermore, when the liquid crystal having increased tem-
perature is disposed between substrates and then cooled to
form a SmC* phase, the liquid crystal tilts to decrease the
distance between the substrates. As a result, the layer plane is
bent from the waist to form a chevron structure, and a zigzag
defect is apt to occur, resulting in difficulty in provision of
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high contrast. Accordingly, investigation of orientation for
applying to displays has been enthusiastically performed (see
NPL 1).

[0006] In order to solve the difficulty in gradation display
due to bistability, as a system of restricting the range of an
azimuth, twisted helix (or modified helix) ferroelectric liquid
crystal (DHFLC: distorted (or deformed) helix FLC) is also
known (see NPL 2). In this system, the helical pitch of the
FLC is sufficiently short so as to be smaller than the thickness
of the liquid crystal layer between substrates. This system has
a uniaxial birefringence having the axis in the helical axis
direction in a no-voltage-application state. In a voltage-appli-
cation state, the helical array of the liquid crystal orientation
is gradually released to change the birefringence and thereby
provides continuous gradation display. However, the DHFLC
described in NPL 2 has a layered structure vertical to the
substrate surface, that is, the layer normal direction is
approximately parallel to the substrate surface, and the
DHFLC therefore has a problem in the viewing angle of the
display device.

[0007] In order to improve the viewing angle of ferroelec-
tricity liquid crystal display devices, the technology devel-
oped in the nematic liquid crystal display field has been
applied to ferroelectric liquid crystal. In the case of using
nematic liquid crystal, though the vertical orientation system
uses an electric field in the direction vertical to the substrates,
the improvement of the viewing angle has been done by using
the vertical orientation of a liquid crystal molecule. In-plane
switching (IPS) is a method of improving the viewing angle
by switching a horizontally oriented liquid crystal molecule
with the transverse electric field in the horizontal direction
relative to the substrates. As combination of vertical orienta-
tion and IPS, for example, NPLs 3 and 4 describe liquid
crystal display devices in which a transverse electric field is
applied to vertically oriented DHFLC by in-plane electrodes
composed of a pair of comb electrodes provided to the sub-
strate on the lower side. NPL 5 describes an optical modulator
by incidence of laser beams from various directions for read-
out in a state of applying a transverse electric field to verti-
cally oriented DHFL.C. However, in order to obtain high
contrast equivalent to that of a VA mode, which has been
developed in nematic liquid crystal, with ferroelectric liquid
crystal, it is necessary to remove the orientation defect spe-
cific to SmC*. In order to do that, it is known a method of
vertically orienting ferroelectric liquid crystal with a short
helical pitch of 400 nm or less. In this case, however, the chiral
dopant concentration is high, resulting in a high melting
point. Consequently, the temperature range of the SmC*
phase is narrow to restrict the operating temperature range of
the liquid crystal display device, and a strong electric field is
necessary for loosening the short pitch helix, resulting in a
high driving voltage. The production of the chiral dopant is
complicated, and therefore the use of a large amount of the
chiral dopant inhibits efficient production of the ferroelectric-
ity liquid crystal display device, which is also an obstacle for
practical applications from an economical viewpoint. In
SSFLCD, if the orientation is disturbed once by deformation
of a device due to, for example, an external pressure, it is
difficult to return from the disturbed orientation. Though the
cell structure and polymer stabilization have been designed to
overcome it, an increase in size has not been achieved.
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SUMMARY OF INVENTION

Technical Problem

[0013] The present invention provides a liquid crystal dis-
play using a ferroelectric liquid crystal composition having
homeotropic orientation showing a rapid response. The liquid
crystal display achieves high contrast, equivalent to that of a
VA mode in nematic liquid crystal, by inhibiting appearance
of schlieren texture causing absence of light and solving other
orientation defects to inhibit a reduction in contrast.

Solution to Problem

[0014] The present inventors have investigated on a reduc-
tion in the amount of chiral dopant added and elongating the
helical pitch for solving the problems. As a result, the inven-
tors have found that appearance of schlieren texture based on
the fluctuation of the C-director similar in the behavior of the
director of nematic liquid crystal molecule, which occurs
when liquid crystal showing a SmC* phase having a long
helical pitch is homeotropically oriented, and the orientation
defect due to focal conic can be effectively prevented by
combining horizontal orientation processing capable of pro-
viding a pretilt angle in a certain direction with a chiral
smectic C-phase, and the present invention has been accom-
plished.

[0015] The present invention provides a liquid crystal dis-
play device including a first substrate provided with an ori-
ented film and a second substrate provided with an oriented
film between two polarizing plates of which the planes of
polarization are orthogonal to each other; and a ferroelectric
liquid crystal composition layer having a chiral smectic
C-phase between the first and the second substrates. At least
one of the vertically oriented films of the first substrate and
the second substrate is provided with orientation treatment
capable of forming a pretilt angle in a certain direction in a
nematic liquid crystal phase; the ferroelectric liquid crystal
composition layerin which the C-director of the liquid crystal
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molecule is oriented in the certain direction at a portion being
in contact with the substrate having the vertically oriented
film provided with the orientation treatment; the director of
the liquid crystal is twisted by at least 180° between the first
substrate and the second substrate; a substrate surface of at
least one of the first substrate and the second substrate is
provided with a pair of electrode structures generating elec-
tric fields approximately parallel to each other; and the light
transmittance is modulated by varying the birefringence of
the ferroelectric liquid crystal composition layer with the
electric fields generated by the electrode structures.

Advantageous Effects of Invention

[0016] Inliquid crystal display devices using homeotropi-
cally oriented ferroelectric liquid crystal compositions, when
the selective reflection is near infrared or longer, schlieren
texture appears to cause a reduction in contrast. In the liquid
crystal display device of the present invention, impartment of
a pretilt angle by, for example, rubbing orientation treatment
of a vertically oriented film surface allows the C-director of a
SmC* phase to align in the rubbing director and thereby can
solve the appearance of schlieren texture, resulting in high
contrast display without causing orientation defects. In addi-
tion, though the orientation is disturbed by pushing the dis-
play face, the orientation returns, which is impossible in
SSFLCD, and a highly reliable liquid crystal display device
can be achieved.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG. 1 includes schematic diagrams illustrating a
firstexample of the liquid crystal display device of the present
invention, wherein diagram (a) illustrates the OFF state, and
diagram (b) illustrates the ON state.

[0018] FIG. 2 includes schematic diagrams illustrating a
second example of the liquid crystal display device of the
present invention, wherein diagram (a) illustrates the OFF
state, and diagram (b) illustrates the ON state.

[0019] FIG. 3 is a graph showing a relationship between
cell thickness d and An at maximum transmittance.

[0020] FIG. 4 includes schematic diagrams illustrating
refractive index distributions in plan view.

[0021] FIG. 5is a graph showing V-T characteristics in the
liquid crystal display device of Example 1.

DESCRIPTION OF EMBODIMENTS

[0022] The present invention will now be described based
on preferred embodiments with reference to the drawings.
[0023] FIG. 1 shows a first example of the liquid crystal
display device of the present invention, and FIG. 2 shows a
second example of the liquid crystal display device of the
present invention, wherein each diagram (a) shows the OFF
state, and each diagram (b) shows the ON state.

[0024] The liquid crystal display devices shown in the
drawings each has a cell structure including a pair of sub-
strates 10 and 20 each composed of a transparent base mate-
rial such as a glass plate 11,21 and an oriented film 12, 22, and
a ferroelectric liquid crystal composition layer 31 having a
chiral smectic C-phase disposed between the first substrate 10
and the second substrate 20. The substrates 10 and 20 and the
liquid crystal composition layer 31 is disposed between two
polarizing plates (not shown) of which the planes of polar-
ization are orthogonal to each other (i.e., in a cross Nicol
state).
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[0025] 1Inthe voltage-OFF state, the molecular long axis of
the ferroelectric liquid crystal composition forms a helix, and
the helical axis of the chiral smectic C-phase is in the direc-
tion vertical to the substrate surface. Selective reflection cen-
tered on a given wavelength depending on the helical pitch is
induced. The central wavelength of the selective reflection
can be denoted by the product of the average refractive index
n of the composition and the helical pitch P of the SmC*, n-P,
and the central wavelength thereof depends on not only the
refractive index but also the type and amount of the chiral
dopant composition. In the liquid crystal display device of the
present invention, the selective reflection preferably has a
near infrared or longer wavelength, e.g., 700 to 3000 nm. The
helical pitch is affected by the average refractive index of the
composition and corresponds to about 450 to 2000 nm. The
shift of the selective reflection from the visible light region
inhibits the coloring due to selective reflection, and two sub-
strates on both sides of the composition layer hardly transmit
visible light to give a dark field, which is useful for full-color
display and high contrast display. However, it is limited to the
case that the C-director is aligned in a certain direction. In the
method of aligning the C-director in a certain direction, ori-
entation treatment having a property of imparting a pretilt
angle to a certain direction in a nematic liquid crystal phase
with a vertically oriented film is applied to a vertically ori-
ented SmC¥* phase. If this orientation treatment is not pet-
formed, the direction of the C-director becomes random, and
vibration caused by thermal fluctuation scatters visible light,
which gives schlieren texture in polarizing microscopic
observation. Application of this to display devices causes
slight white turbidity, resulting in difficulty of high contrast
display. However, for example, rubbing treatment of a verti-
cally oriented film to impart a pretilt angle to the layer such
that the director of the liquid crystal molecule tilts to a certain
direction relative to the substrate surface allows the C-direc-
tor to align in the rubbing direction and the schlieren texture
to disappear to provide a dark field equivalent to that of
polarizing plates and allows high contrast display, which are
notable characteristics.

[0026] The orientation treatment having a property of
imparting a pretilt angle to a certain direction in a nematic
liquid crystal phase with a vertically oriented film is rubbing
treatment of the surface with a vertically oriented film of, for
example, polyimide. Application of the orientation treatment
to a nematic liquid crystal cell having a VA mode imparts a
pretilt angle to the vertically oriented liquid crystal molecular
long axis, and the orientation direction of tilting of the liquid
crystal molecular long axis during the switching is restricted
by the rubbing treatment direction. Application of an oriented
film having such a property to a vertically oriented SmC*
phase characteristically allows the C-director to align in the
rubbing direction, and any oriented film having such a prop-
erty can be used. The oriented film that can be used is, for
example, a polyimide oriented film showing vertical orienta-
tion or a photo-oriented film for vertical orientation that can
impart a pretilt angle to nematic liquid crystal. The pretilt
angle has any size that can solve the schlieren texture in a
vertically oriented SmC* phase and align the C-director in the
rubbing orientation direction.

[0027] The first substrate 10 and the second substrate 20
respectively have vertically oriented films 12 and 22, and at
least one of the vertically oriented films 12 and 22 is provided
with orientation treatment capable of providing a pretiltangle
in a certain direction 13, 23. As a result, in the OFF state not
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applying an electric field, the ferroelectric liquid crystal com-
position layer 31 in which the C-director of the liquid crystal
molecule 32 is oriented in the certain direction 13, 23 at a
portion being in contact with the vertically oriented film 12,
22 provided with the orientation treatment to align the C-di-
rector of the SmC* phase in the orientation treatment direc-
tion. Consequently, appearance of schlieren texture caused by
areduction inchiral dopant amount can be solved, resulting in
high contrast display precluding orientation defects.

[0028] When orientation treatment capable of providing a
pretilt angle in a certain direction is applied to both vertically
oriented films 12, 22, the direction 13 of orientation treatment
for the first vertically oriented film 12 and the direction 23 of
orientation treatment for the second vertically oriented film
22 may be different. A difference (an integer multiple of)+
360° between the orientation directions 13, 23 corresponding
to the twist angle of the C-director between the substrates
allows the C-director to easily align in a certain direction 13,
23 near the respective substrates and is therefore preferred.
Alternatively, orientation treatment capable of providing a
pretilt angle may be applied to only one of the vertically
oriented films 12, 22.

[0029] The substrate surface of at least one of the first
substrate 10 and the second substrate 20 includes a pair of
electrode structures 24, 24 generating approximately parallel
electric fields. The birefringence of the ferroelectric liquid
crystal composition layer 31 is changed by means of the
electric fields generated by the electrode structures 24, 24 to
modulate the transmittance of transmitted light. In the
example shown in the drawing, in the OFF state, the C-direc-
tor of the liquid crystal molecule 32 can direct in various
directions of the helical structure (see Top of views in dia-
grams (a) of FIGS. 1and 2). Therefore, the incident light from
one of the two polarizing plates in a cross Nicol state cannot
transmit through the other polarizing plate, resulting in a dark
field (black display) as described above. Examples of the
electrode structures 24, 24 include interdigitated array elec-
trodes (IPS electrodes) and fringe field switching (FFS) elec-
trodes. Both of the substrates 10 and 20 may have the elec-
trode structures 24, 24.

[0030] The helix is loosened by gradually increasing the
transverse electric field applied through the interdigitated
array electrodes (IPS electrodes) disposed on the substrate
surface, and the liquid crystal molecular long axis is aligned
in the direction vertical to the transverse electric field, result-
ing in an increase in transmittance. The change in retardation
(And, An: birefringence, d: cell thickness) on this occasion is
similar to the ECB mode in nematic liquid crystal. Accord-
ingly, in order to maximize the transmittance, it is necessary
to adjust the retardation to A/2, where A denotes the wave-
length of transmitted light (representative value). In general,
a wavelength of about 550 nm, which gives highest visual
sensitivity, is used.

[0031] Theintensity [ of emitted light passed through a cell
having retardation (An-d) is represented by (Expression 1).

[Math. 1]

m-An-d Expression 1
I= Iosinz( ) ] (Exp )

[0032] In Expression 1, I, represents incident light inten-
sity; and the transmittance is represented by a ratio I/l,.
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Expression 1 demonstrates that when An-d is /2, transmit-
tance is the highest. In order to determine An from (Expres-
sion 1), (Expression 1) can be modified into (Expression 2).

[Math. 2]

oo A [
n—ﬂ_dsm 10

[0033] Ideally, the emitted light intensity I is 1 for an inci-
dent light intensity I, of 1, which is achieved when the retar-
dation (the product of An and d) is equal to a A/2 of 275 nm.
[0034] The graph shown in FIG. 3 shows a relationship
between cell thickness d and An at maximum transmittance.
Accordingly, light with a wavelength of about 550 nm can be
transmitted substantially without loss by adjusting the cell
thickness depending on the An of the ferroelectric liquid
crystal material to be used. In full-color display, it is neces-
sary to consider color balance. Accordingly, the wavelength
of A/2 may be adjusted depending on the wavelength disper-
sion characteristics of retardation and the spectra of the color
filter and backlight used.

[0035] The An of liquid crystal in the present invention
refers to a An determined from (Expression 3) using the
refractive index n, in the molecular long axis direction deter-
mined when the helix is loosened by application of a voltage
to a smectic C* phase or when the helix is loosened by using
surface-stabilized ferroelectric liquid crystal (SSFLC: sur-
face-stabilized FLC) and the refractive index n, in the
molecular short axis direction. The 6 (tilt angle) in (Expres-
sion 3) denotes the value of Y2 of the cone angle 20 of a
smectic C* phase. That is, a An effective for the voltage-
transmittance characteristics of the liquid crystal display
device is represented by (Expression 3) and depends on the
tilt angle 6 and the n, and n, described above. For example,
when the tilt angle 6 is 30°, in the liquid crystal display device
of the present invention, the cell thickness may be adjusted
such that the transmittance is maximum depending on An. In
liquid crystal having a small difference An, betweenn, andn,
0f0.13 or less, the effective An is 0.0296, and a necessary cell
thickness is 10 um or more, from (Expression 2). When the
An,, 1s 0.15 or more, the effective An is 0.0336, and a neces-
sary cell thickness is 8.5 pm or less, from (Expression 2).
Furthermore, when the tilt angle 6 is 35° or more, the effective
An is 0.0447 or more, and a necessary cell thickness is 6.4 pm
or less, which is further preferred. That is, the cell thickness
can be reduced with a large An,. of 0.15 or more of liquid
crystal and a tilt angle 8 of 35° or more, which improves the
display quality and is further preferred.

(Expression 2)

[Math. 3]

Rello (Expression 3)

—_— -1,
+/ n2sin? + n2cos26

An=ngg —n, =

[0036] The minimum value of the retardation is a value
when in a voltage-OFF state, the helix of which the axis is in
anormal direction of the substrate turns at least one time, and
is preferably a dark field having a transmittance equivalent to
that of the polarizing plates in a cross Nicol state. A smaller
value provides better blackness and higher contrast. For
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example, when the birefringence An,,,,,, in a helical state is 0
t0 0.007, a cell thickness of 15 um or less allows a retardation
of 75 nm or less to give blackness necessary for high contrast
and is therefore preferred. This is because that when the helix
of a SmC* phase turns at least 360°, the refractive-index
anisotropy distributes so as to draw an arc with the helical axis
as the center, and as shown in FIG. 1(a), the distribution of the
refractive index is homogenous in all directions to be approxi-
mately isotropic. The An converges to 0 with an increase in
the number of turning of the helix to enhance the blackness.
Therefore, the retardation is reduced by adjusting the An,,_,,
to 0.002 or less and thereby preferably reduce the transmit-
tance.

[0037] In order to obtain a dark field in the OFF state, the
helical structure of ferroelectric liquid crystal is required to
have a unit that is repeated one or more times. Black equiva-
lent to that of polarizing plates in a cross Nicol state can be
theoretically obtained by uniformizing the distribution of
refractive-index anisotropy in the X-Y plane. An increase in
helical pitch when the helix is in a normal direction of the
substrate may increase the retardation. In such a case, an
optical phase compensation film is preferably disposed
between two polarizing plates in a cross Nicol state, in addi-
tion to the liquid crystal layer, as necessary. The pitch of the
helical structure is the length in a direction vertical to the layer
when a rotation of 360° of the C-director is defined as one
cycle. The spontaneous polarization of a liquid crystal mol-
ecule is in a direction vertical to the liquid crystal molecular
long axis. The liquid crystal molecule can be aligned in such
a manner that the head and the tail of the liquid crystal
molecular long axis are in opposite directions. Assuming that
a half of molecules and the other half of the molecules are
arranged with the head and the tail thereof in opposite direc-
tions, it is possible to regard the range of a rotation of the
C-director by 180° as one cycle of a repeating unit. Accord-
ingly, it is required that the C-director of the liquid crystal
molecule 32 is twisted by at least 180° between the first
substrate 10 and the second substrate 20. That is, the twist
angle of the C-director between the substrates may be 180° or
more. There is no upper limit, but from the viewpoint of an
increase in cell thickness by lengthening the pitch of the
helical structure, the twist angle is preferably, for example,
180° to 1800°.

[0038] On the other hand, the retardation in the voltage-ON
state varies depending on the applied voltage. FIG. 4 shows
the distributions in size of refractive index between IPS elec-
trodes 24 in plan view. As described above, in the OFF state,
the distribution forms a circle 33. Application of a voltage
allows the permanent dipole vertical to the molecular long
axis to align by the action of the transverse electric field of the
electrodes and simultaneously allows the molecular long axis
to align in the major axis direction of the ellipse. As a result,
the refractive index forms an elliptical distribution 34, and a
further increase in voltage elongates the major diameter of the
ellipse along the IPS electrodes to increase the An, resulting in
an increase of ellipticity. Light can be extracted with the
highest emission intensity by arranging the polarization axis
of one of the polarizing plates orthogonal to the state men-
tioned above so as to form an angle of 45° with respect to the
major axis of the ellipse. However, as described above, a
retardation value of /2 can give a high emission light inten-
sity and is therefore preferred. Since an increase in transmit-
tance as the whole visible region is important for brightness of
display and color balance, the retardation may be about 275
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nm depending on the color tone of the display device and can
be, for example, 225 to 330 nm as necessary. Accordingly, the
cell thickness is determined by the value obtained by dividing
the maximum retardation in the ON state by the An of the
ferroelectric liquid crystal composition used and is preferably
within a range of 2 to 15 um.

[0039] Even if the orientation is disturbed by deformation
ofthe device due to, forexample, external pressure, within the
range of the selective reflection of the liquid crystal used in
the present invention, it is possible to return to the original
orientation state by the helical winding force. Thus, high
reliability can be characteristically achieved.

[0040] In order to fill between the substrates with liquid
crystal without causing orientation defects, conventional
vacuum injection, liquid crystal drop injection (One Drop
Fill), or flexographic printing can be employed, and it is
preferable to at least perform phase transition by slow cooling
from an isotropic phase or a nematic phase, formed by heat-
ing, to a smectic phase. In order to achieve high contrast
display, orientation defects are required to be removed; and in
the phase sequence of the ferroelectric liquid crystal compo-
sition composed of at least, from the high temperature side, an
isotropic phase, a chiral nematic phase, a smectic A phase,
and a chiral smectic C-phase (ISO-N*-SmA-SmC*), from
the viewpoint of increasing the tilt angle of the liquid crystal
compound, the phase sequence preferably does not include
the smectic A phase. A preferred example thereof is (ISO-N*-
SmC*). In such a case, another phase such as a blue phase
(BP) may be expressed on the higher temperature side than
the nematic phase, and examples the phase sequence include
isotropic liquid-blue phase-chiral nematic phase-smectic A
phase-chiral smectic C-phase, isotropic liquid-blue phase-
chiral nematic phase-chiral smectic C-phase. In addition, lig-
uid crystal expressing phase sequence of isotropic liquid-
chiral smectic C-phase (ISO-SmC*) can be employed.
[0041] In the phase sequence of the ferroelectric liquid
crystal composition, the helical pitch of a chiral nematic
phase is preferably at least 5 times larger than the cell thick-
ness at atemperature of phase transition from a chiral nematic
phaseto a smectic A phase or a chiral smectic C-phase during
a decrease in temperature or a temperature higher than the
lower limit temperature of the chiral nematic phase by 2° C.
Furthermore, a homeotropic orientation state is more pre-
ferred by that the helix is loosened during transition to a
smectic phase, which appears at a temperature lower than that
of an N* phase. In this case, since the helical pitch is suffi-
ciently longer that the cell thickness (gap) when the liquid
crystal is a chiral nematic phase, the chiral nematic phase
does not form a helical structure and gives a satisfactory
homeotropic orientation without causing orientation defects
before transition to a smectic phase, resulting in further uni-
form orientation. In order to loosen the helical pitch of a chiral
nematic phase for transition to a smectic phase, the tempera-
ture width is preferably at least 10° C. A narrow temperature
width cannot loosen the helix and may cause transition to a
smectic phase, which causes an orientation defect. Alterna-
tively, helix can be adjusted by addition of a pitch canceller
showing reverse helix for loosening the helix of a chiral
nematic phase.

[0042] Since the orientation state in the OFF state is similar
to vertical uniaxial orientation in a nematic liquid crystal
display device having a VA mode, the contrast and the view-
ing angle can be improved by using an A-plate, which is used
in a VA mode, or an optical phase compensation film such as
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anegative C-plate in uniaxial stretching or a Z-plate in biaxial
stretching. Among a variety of types of preferred optical
phase compensation films, films having a function of improv-
ing viewing angle used in, for example, a VA mode and a
function of improving contrast can improve the viewing angle
and the contrast and are therefore preferred. In order to
improve contrast, an optical phase compensation film that can
reduce the minimum transmittance is preferred. In a liquid
crystal layer between two polarizing plates in a cross Nicol
state, linearly polarized light passed through the liquid crystal
layer may be changed to elliptically polarized light and be
then emitted. In such a case, when the polarization axis of
linearly polarized light entering the liquid crystal layer and
having the same ellipticity as that of the elliptically polarized
light emitted from the liquid crystal layer is defined as a center
of symmetry, an optical phase compensation film showing an
opposite phase symmetrical relative to the azimuth of ellip-
tically polarized light emitted from the liquid crystal layer is
preferably disposed between two polarizing plates in a cross
Nicol state, as necessary.

[0043] Theliquid crystal display device may have any light
source. LED is low power consumption and is therefore pre-
ferred. In order to further reduce power consumption, it is
preferred to use flash controlling (technology of reducing the
light quantity at a dark region or switching the light off), a
multi-field driving method (technology of distinguishing the
driving frequencies in moving picture display and still picture
display), a technology of switching light quantity modes
between indoors and outdoors or between night and day, or a
technology of temporarily stopping the driving using the
memory of aliquid crystal display device. A reflective display
device can use exterior lighting means (e.g., sunlight or
indoor light), even if the apparatus does not have a light
source, and is therefore preferred.

[0044] The liquid crystal display device can also three-
dimensionally display by, for example, time sharing such as a
field sequential system, space sharing such as a polarization
system, parallax barrier system, or integral imaging system,
wavelength sharing such as a spectral system or anaglyph, or
an FPS mode.

[0045] In order to drive at a low voltage, the pair of sub-
strates may each have a structure having a pair of a pixel
electrode and a common electrode. In order to drive at a low
voltage, the pair of substrates may be each provided with an
in-plane switching (IPS) electrode; confined geometry (Lee,
S.-D., 2009, IDW *09-Proceeding of the 16th International
Display Workshots 1, pp. 111-112) may be utilized ina device
by an electrode protruding inside the cell in which the electric
field strength distribution hardly decreases, or the pair of
substrates may be each provided with a fringe-field switching
(FFS) electrode.

[0046] The contrast is preferably improved by flash con-
trolling (technology of reducing the light quantity at a dark
region or switching the light off), a device having an aperture
ratio of 50% or more, use of a highly oriented film or antiglare
film, or use of a field sequential system (colorizing system
allowing recognition of a color, without using color films, by
sequentially lighting LEDs of RGB three colors each for a
short time less than the temporal resolution of the human
eyes).

[0047] For a rapid response, it is preferable to use an over
drive function (allowing the voltage for expressing a tone to
be high at the rise time and to be low at the fall time) or use
smectic liquid crystal having negative dielectric anisotropy.
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[0048] The film covering the surface of a touch panel pref-
erably has water and oil repellency, antifouling properties,
and fingerprint resistance for inhibiting a decrease in display
quality by fouling. At least the electrode substrate on the
pressing side is preferably a flexible substrate such as a plastic
substrate or thin film glass substrate. The electrode is prefer-
ably made of graphene (a sheet consisting of carbon mono-
atomic layer) or an organic semiconductor.

[0049] The two substrates of a liquid crystal cell can be
made of a transparent material having flexibility, such as glass
or plastic, and one of two may be made of an opaque material
such as silicon. A transparent substrate provided with a trans-
parent electrode layer can be prepared by sputtering indium
tinoxide (ITO) on a transparent substrate such as a glass plate.
[0050] A color filter can be produced by, for example, pig-
ment dispersion, printing, electrodeposition, or dyeing. Pro-
duction of a color filter by pigment dispersion will be
described as an example of the method. A curable coloring
composition for a color filter is applied onto the transparent
substrate, patterned, and is cured by heating or light irradia-
tion. This step is performed for each of three colors: red,
green, and blue, to produce a pixel portion for a color filter. In
addition, a thin-film transistor (TFT) with an organic semi-
conductor, inorganic semiconductor, or oxide semiconductor,
a thin-film diode, or a pixel electrode provided with an active
element such as a metal insulator metal resistance element,
may be disposed on the substrate.

[0051] The ferroelectric liquid crystal composition may be
subjected to removal of impurities for improving reliability or
for TFT driving or may be subjected to purification with, for
example, silica or alumina for further increasing the resistiv-
ity. The resistivity for TFT driving of a liquid crystal compo-
sition is preferably 10** Q-cm or more, more preferably 102
Q-cm or more, and more preferably 10> Q-cm or more. In
order to prevent the influence of cations present as impurities
in a liquid crystal composition, a cationic inclusion com-
pound such as podand, coronand, or cryptand may be added to
the composition. In TFT driving, image information is
recorded at a certain time interval, and a charge is maintained
between electrodes during the time to display an image. Since
switching reduces the charge maintained between the elec-
trodes due to the influence of polarization inversion current
by spontaneous polarization, an auxiliary capacitance is pref-
erably connected to the pixel. An auxiliary capacitance suit-
able for spontaneous depolarization of liquid crystal used can
be connected.

[0052] In order to maintain the performance of the liquid
crystal display device under low temperature environment,
the ferroelectric liquid crystal composition preferably has
low-temperature storage stability. The low-temperature stor-
age stability of the liquid crystal composition is preferably
that SmC* is maintained at 0° C. or less for 24 hours, more
preferably that SmC* is maintained at =20° C. or less for 500
hours, and more preferably at -30° C. or less for 700 hours.

<Ferroelectric Liquid Crystal Composition>

[0053] The ferroelectric liquid crystal composition used in
the present invention can contain a chiral compound (dopant)
in the host liquid crystal (liquid crystal matrix) and further
appropriately contain a monomer (polymerizable compound)
for polymer stabilization.

[0054] The use of such a ferroelectric liquid crystal com-
position can stabilize the orientation and improve the
response speed in intermediate gradation. In order to fix a
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state of liquid crystal oriented with, for example, an oriented
film without causing orientation defects, at least phase tran-
sition from a nematic phase to a smectic phase by slow cool-
ing is preferably performed, as in the case of not containing
the monomer. More preferably, the substrate surface of the
liquid crystal cell used is flat. In addition, it is necessary to
polymerize the monomer in a mesh shape or in a dispersed
state in a liquid crystal phase such as a nematic phase or a
smectic phase. Furthermore, in order to inhibit the formation
of a phase separation structure, it is preferable to use a small
amount of a monomer and adjust the content and the compo-
sition of a polymer precursor such that a mesh-like polymer is
formed among oriented liquid crystal molecules. In photopo-
lymerization, it is preferably to adjust UV exposure time, UV
exposure strength, and temperature to form a mesh-like poly-
mer not to cause liquid crystal orientation defects.

<Liquid Crystalline Compound>

[0055] The liquid crystalline compound as the host is pref-
erably represented by the following Formula:

[Chem. 1]

(LC-0)
R—Z—A—tZ—A%-Z—R

(where, R’s each independently represent alinear or branched
alkyl group having 1 to 18 carbon atoms, a hydrogen atom, or
a fluorine atom, in which one —CH,— group or two non-
adjacent —CH,— groups of the alkyl group are each option-
ally substituted with —O—, —S— —CO—, —CO—0—,
—0—CO0—, —(CO—8S—, —S—CO—, —0—-S80,—,
—80,—0—,—0—CO—0—,—CH=—CH—, —C=C—,
a cyclopropylene group, or —Si(CH;),—, and one or more
hydrogen atoms of the alkyl group are each optionally sub-
stituted with a fluorine atom, a chlorine atom, a bromine
atom, or a CN group;

[0056] Z’s each independently represent —O—, —S—,
0, €O 0, —0CO-, O CO,
—0—CO—0—, —CO—NRY)—, —NRHY»—CO—,
~OCH,, —CHO-, —SCH,, —CHS .
—0—S80,—, —S0,—0—, —CF,0— —OCF,—,
~CF,S—. —SCF,, —CHCH,, —CF,CH, .
—CH,CF,—, —CF,CF,—, —CH—CH—, —CF—CH—,
— CH—CF—, —CF—CF—, —C—C—, —CH—CH—

CO—0—, —O0—CO—CH=CH—, or a single bond, in
whichR? of —CO—N(R*)— or —N(R“)—CO— represents
ahydrogen atom or a linear or branched alky1 group having 1
to 4 carbon atoms;

[0057] A’s each independently represent a cyclic group
selected from a phenylene group, a cyclohexylene group, a
dioxolanediyl group, a cyclohexenylene group, a bicyclo[2.
2.2]octylene group, a piperidinediyl group, a naphthalenediyl
group, a decahydronaphthalenediyl group, a tetrahydronaph-
thalenediyl group. and an indanediyl group, in which in the
phenylene group, the naphthalenediyl group, the tetrahy-
dronaphthalenediyl group, and the indanediyl group, one or
more —CH— groups in each ring are each optionally substi-
tuted with a nitrogen atom; in the cyclohexylene group, the
dioxolanediyl group, the cyclohexenylene group, the bicyclo
[2.2.2]octylene group, the piperidinediyl group, the decahy-
dronaphthalenediyl group, the tetrahydronaphthalenediyl
group, and the indanediyl group, one —CH,— group or two
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non-adjacent —CH,— groups of each ring are each option-
ally substituted with—O— or —S—; and one or more hydro-
gen atoms of each cyclic group are each optionally substituted
with a fluorine atom, a chlorine atom, a bromine atom, a CN
group, a NO, group, or an alkyl, alkoxy, alkylcarbonyl, or
alkoxycarbonyl group having 1 to 7 carbon atoms in which
one or more hydrogen atoms are each optionally substituted
with a fluorine atom or a chlorine atom; and

[0058] nrepresents 1,2, 3, 4, or 5).

[0059] The liquid crystalline compound is also preferably
oneofliquid crystalline compounds represented by Formulae
(LC-T) to (LC-IID):

[Chem. 2]

I—Y—7Z
/
R—Z—-Cyclo
ny

Xn

<>|<>n —[ (X)
\Z—Y—2Z ) "
Ll TQ\L _H{
<>|<>n )
R—ZLCQE_Y_Z ( _\\\/ZYZ>_<:>\§Z—Y—Z _(Ii\
n — m \ //

(where, R’s each independently represent a linear or branched
alkyl group having 1 to 18 carbon atoms, a hydrogen atom, or
a fluorine atom, in which one —CH,— group or two non-
adjacent—CH,— groups of the alkyl group are each option-
ally substituted with —O—, —S—, —CO—, —CO—0—,
—0—CO0—, —CO—8—, —S—CO—, —0—-S0,—
—80,—0—,—0—CO—0—,—CH—CH—, —C=C—,
a cyclopropylene group, or —Si(CH,),—, and one or more
hydrogen atoms of the alkyl group are each optionally sub-
stituted with a fluorine atom, a chlorine atom, a bromine
atom, or a CN group;

[0060] 7’s each independently represent —O—, —S—,
—C0—, —(C0—0—, —0—CO—, —0—LC0—0—,
~CO-NR%—, —NR-CO—, —OCH,

~ CH,0—,—SCH,—,—CH,S—,— 080, , SO,
0—, —CP,0—, —OCFy,—, —CF,8—, —SCFy—
—CH,CH,—, —CF,CH,—, —CH,CF,—, —CF,CF,—
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—CH—CH—, —CF—CH—, —CH—CF—, —CF—CF—,
—(=C—, —CH=CH—CO—0—, —0—CO0—
CH—CH—, or a single bond, in which R* of —CO—N
(R*)— or —N(R“)—CO-represents a hydrogen atom or a
linear or branched alkyl group having 1 to 4 carbon atoms or
a linear or branched alkyl group having 1 to 4 carbon atoms;

[0061] Y’seachindependently represent a single bond or a
linear or branched alkylene group having 1 to 10 carbon
atoms, in which one or more methylene groups of the alkylene
group are each independently optionally substituted with
—0—, —CO—, —COO—, or —OCO—, provided that

(LCD

we-m

Cyclo*)wz R

(Le-Im)

i
Cyclof7mZ—R

oxygen atoms are not directly bound to each other, and one or
more hydrogen atoms of the alkylene group are each inde-
pendently optionally substituted with a halogen atom or an
alkyl group having 1 to 9 carbon atoms;

[0062] X’seachindependently represent a halogen atom, a
cyano group, a methyl group, a methoxy group, —CF;, or
—OCF;;
[0063]
[0064] n,,n,,n,, and n, each independently represent 0 or
1, provided that n, +n,+n;+n,=1 to 4; and

[0065] Cyclo’s each independently represent cycloalkane
having 3 to 10 carbon atoms and optionally containing a
double bond).

[0066] Here, Cyclo is preferably cyclohexane (cyclohexy-
lene group), and the liquid crystalline compound is prefer-
ably, for example, one of liquid crystalline compounds rep-
resented by Formulae (L.C-T') to (LC-IIT):

n’s each independently represent an integer of O to 4;
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[Chem. 3]

(where, R’s each independently represent a linear or branched
alkyl group having 1 to 18 carbon atoms, a hydrogen atom, or
a fluorine atom, in which one —CH,— group or two non-
adjacent —CH,— groups of the alkyl group are each option-
ally substituted with —O—, —S—, —CO—, —CO—0—,
—0—C0—, —(CO0—S— —SCO0— —0—S0,—
—80,—0—,—0—CO—0—,—CH—CH—, —C=C—,
a cyclopropylene group, or —Si(CH,),—, and one or more
hydrogen atoms of the alkyl group are each optionally sub-
stituted with a fluorine atom, a chlorine atom, a bromine
atom, or a CN group;

[0067] Z’s each independently represent —O—, —S—,
—c0—, —C0—0—, —0—CO—, —0—CO0—0—,
—CO—NR")—, —NR)—CO—, —OCH,—,
—CH,0—, —SCH,—, —CH,S8—,—0—S0,—,—80,—
0—, —CF,0— —OCF,— —CF,S—, —SCF—
—CH,CH,—, —CF,CH,—, —CH,CF,—, —CF,CF,—

—CH—CH—, —CF—CH—, —CH—CF—, —CF—CF—,
—C=C—, —CH=CH—CO—0—, —0—CO0—
CH—CH—, or a single bond, in which R* of —CO—N
(R*)— or —N(R*)—CO— represents a hydrogen atom or a
linear or branched alkyl group having 1 to 4 carbon atoms;
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(LC-T)

Z—R
ny
Le-r)
Z—R
(o
(LC-ITY
" 2—Y—2
Z—R

[0068] Y’seachindependently represent a single bond or a
linear or branched alkylene group having 1 to 10 carbon
atoms, in which one or more methylene groups of the alkylene
group are each independently optionally substituted with
—0—, —CO—, —COO0—, or —OCO—, provided that
oxygen atoms are not directly bound to each other, and one or
more hydrogen atoms of the alkylene group are each inde-
pendently optionally substituted with a halogen atom or an
alkyl group having 1 to 9 carbon atoms;

[0069] X’seach independently represent a fluorine atom, a
chlorine atom, a bromine atom, a cyano group, a methyl
group, a methoxy group, a CF; group, or a OCF; group;

[0070] n’seachindependently represent aninteger ofOto 4,
and
[0071] n,, n,, n,, and n, each independently represent 0 or

1, provided that n, +n,+n,+1, is 1 to 4).

[0072] Inorder to express liquid crystalline properties, sub-
stitutions at 1- and 4-positions of a ring is preferred. That is,
a divalent cyclic group of the liquid crystalline compound is
preferably, for example, a 1,4-cyclohexylene group, a 1,4-
phenylene group, or a 2,5-pyrimidinediyl group.

[0073] For example, the liquid crystalline compound is
preferably one of liquid crystalline compounds represented
by Formulae (LC-Ia) to (LC-IIIa):
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[Chem. 4]

Xll XIZ

RU—¢Cyclo—Y—1L1—

X17 XIS
Xll XIZ Xl3
RU—Cyclo— Y —TN—Y = Y—LR2=Y
bl
X17 XIS X19
Xll Xll
R —¢Cyelo— Y —L"—Y = Y—LR2—Y
b]
Xl7 XIS

(where, R'! and R'? each independently represent a linear or
branched alkyl group having 1 to 18 carbon atoms or a fluo-
rine aton, provided that R** and R are not simultaneously
fluorine atoms, in which one —CH,— group or two non-
adjacent—CH,— groups of the alkyl group are each option-
ally substituted with —O—, —S—, —CO—, —CO—0—,
—0—C0—, (C0O—8—, —S—CO0—, —0—L0—0—,
—CH—CH—, —C=C—, a cyclopropylene group, or —Si
(CH;),—, and one or more hydrogen atoms of the alkyl group
are each optionally substituted with a fluorine atom or a CN
group;

[0074] X''toX*?eachindependently represent a hydrogen
atom, a fluorine atom, a CF; group, or a OCF; group;

[Chem. 5]

S —_—T 12
- Y—L2—y \
bl
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(LC-Ta)

/ Y—LB=-Y Y—L"=Y—CycloyrR"

N el
X21 X22
(LC-Ia)
Xl4 XIS X16
Y—LB-Yy Y—1"=Y—CyclorR"?
1
c
X20 XZI X22
(LC-IIa)
X15 X16
Y—LB—Y Y—L"—Y—CycloyrR"
1
c
XZ] X22

more hydrogen atoms of the alkylene group are each inde-
pendently optionally substituted with a halogen atom or an
alkyl group having 1 to 9 carbon atoms;

[0077] a', b%, ¢, and d* each independently represent an
integer of O or 1, provided thata' +b'+c'+d" is 1,2, or 3, where
when a' represents 0, d" represents 0; whena' represents 1, ¢
represents 0; when ¢* represents 1, a' represents 0; and when
b’ and ¢' are each 1, a* and d* are each 0; and

[0078] Cyclo’s each independently represent cycloalkane
having 3 to 10 carbon atoms and optionally containing a
double bond).

[0079] Theliquid crystalline compound is also preferably a
liquid crystalline compound represented by Formula (LC-
V)

(LC-IV)

N
lll _N bl Cl

[0075] L' to L'* each independently represent a single

bond, —O—, —S—, —CO—, —CH,0—, —OCH,—,
—CF,0—, —OCF ,—, —(C0—0—,—0—CO0—,—CO—
S, —$CO-, —0OCO-0O-, —CHCH—,
—CH=—CH—, or —C=C—;

[0076] Y’seachindependently represent a single bond ora

linear or branched alkylene group having 1 to 10 carbon
atoms, in which one or more methylene groups of the alkylene
group are each independently optionally substituted with
—0—, —CO—, —COO—, or —OCO—, provided that
oxygen atoms are not directly bound to each other, and one or

(where, R'* and R'? each independently represent a linear or
branched alkyl group having 1 to 18 carbon atoms or a fluo-
rine atom, provided that R** and R'? are not simultaneously
fluorine atoms, in which one —CH,— group or two non-
adjacent —CH,— groups of the alkyl group are each option-
ally substituted with —O—, —S— —CO—, —CO—0—,
—0—CO0—, —CO—8—, —S—CO0—, —O0—LCO0O—0—,
—CH—CH—, —C=C—, a cyclopropylene group, or —Si
(CH,),—, and one or more hydrogen atoms of the alkyl group
are each optionally substituted with a fluorine atom or a CN

group;
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[0080] ring A' represents a 1,4-phenylene group or a 1,4-
cyclohexylene group, in which 1 to 4 hydrogen atoms are
each optionally substituted with a fluorine atom, a CF group,
a OCF; group, a CN group, or a combination thereof;
[0081] ring B' represents a 1,4-phenylene group, in which
1 to 4 hydrogen atoms are each optionally substituted with a
fluorine atom, a CF; group, a OCF; group, a CN group, or a
combination thereof’

[0082] ring C' represents a 1,4-cyclohexylene group, in
which 1 to 4 hydrogen atoms are each optionally substituted
with a fluorine atom, a CF, group, a OCF, group, aCN group,
or a combination thereof;,

[0083] L’s each independently represent a single bond,
-—0—, —S8- —CO—, —CH0O—-, —OCH,—,
—CF,0—, —OCF,—,—CO0—0—,—0—C0—,—CO—
s, —-s-C0— —0—CO—0— —CH,CH—,
—CH=CH—, or —C=C—;

[0084] Y’seachindependently represent a single bond ora
linear or branched alkylene group having 1 to 10 carbon
atoms, in which one or more methylene groups of the alkylene
group are each independently optionally substituted with
—0—, —CO—, —COO—, or —OCO—, provided that
oxygen atoms are not directly bound to each other, and one or
more hydrogen atoms of the alkylene group are each inde-
pendently optionally substituted with a halogen atom or an
alkyl group having 1 to 9 carbon atoms; and

[0085] a’ represents 0, 1, or 2; b* and ¢ each represent an
integer of 0, 1, or 2; and the total of a’, b', and ¢ represents 1,
2, or 3).

[0086] Theliquid crystalline compound is also preferably a
liquid crystalline compound represented by Formula (LC-V):

[Chem. 6]
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[0088] I.*' to L** each independently represent a single
bond, —O—, — S, —CO—, —CH,0—, —OCH, .,
—CF,0—,—0CF,—, —C0—0—, —0—C0—,—CO—
S, ~$CO-, —0-CO-O-, -—CHCH
—CH=CH—, or —C=C—; and

[0089] a° b c? and d* each independently represent an
integer of Oor 1, provided that a®+b*+c*+d”is 1,2, or 3, where
when a” represents 0, d° represents 0; when a” represents 1, ¢>
represents 0; and b* and ¢ are each 1, a* and d* are each 0).

[0090] A phenylpyrimidine compound preferably has at
least one fluorine atom, CF; group, or OCF; group as a sub-
stituent in the cyclic moiety of the molecule, for giving atilted
smectic phase necessary for expressing ferroelectricity or
increasing the tilting angle of the molecule or reducing the
melting point. The substituent to be introduced is preferably
a fluorine atom, which has a small size, for stabilizing the
liquid crystal phase and also maintaining the rapid response.
The number of the substituent is preferably one to three.

[0091] In order to reduce the viscosity and achieve rapid
response, the linker group (—7—Y—7— or —Y-L-Y—)
linking rings is preferably selected from the group consisting
of a single bond, —CH,0—, —OCH,—, —CF,0—,
—OCF,—, —CH,CH,—, —CH—CH—, and —C=C—,
and is most preferably a single bond. A single bond can
prevent local polarization of a molecule and 1s therefore pre-
ferred also from the aspect of reducing a bad influence on the
switching behavior. On the other hand, a material having a
higher viscosity is preferred for maintaining the stability of a
layer structure. In such a case, the linker group is preferably
selected from the group consisting of —CO—O0—,

(LC-V)

XZ 1 X22 X23 X24 XZS X26
2 b2 2 d2
X27

(where, R*' and R** each independently represent a linear or
branched alkyl group having 1 to 18 carbon atoms or a fluo-
rine atom, provided that R*" and R* are not simultaneously
fluorine atoms, in which one —CH,— group or two non-
adjacent —CH,— groups of the alkyl group are each option-
ally substituted with —O—, —S—, —CO—, —CO—0—,
—0—C0—, —CO—8—, —S—CO—, —0—CO0—0—,
—CH=—CH—, —C=C—, a cyclopropylene group, or —Si
(CH;),—, and one or more hydrogen atoms of the alkyl group
are each optionally substituted with a fluorine atom or a CN
group;

[0087] X?'toX*” each independently represent a hydrogen
atom, a fluorine atom, a CF; group, or a OCF; group;

—0—CO—, —CO—S—, and —S—CO—. In particular,
—CO—0— and —O—CO— are preferred.

[0092] From the aspect of enhancing the effect of reducing
the melting point, one or both of the side chains (R, R**, R?,
R*, and R*?) is preferably a hydrogen atom, a methyl group,
an ethyl group, a propyl group, a pentyl group, a hexyl group,
a pentyl group, an octyl group, a nonyl group, an isopropyl
group, an alkylcarbonyloxy group, an alkyloxycarbonyl
group, or an alkyloxycarbonyloxy group.

[0093] A compound that is suitable for increasing the An,
showing a stable ferroelectric liquid crystal phase, and having
a low viscosity suitable for rapid response is preferably a
liquid crystalline compound represented by Formula (LC-
VI):
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[Chem. 7]

XZI XZZ
N
2 Q ﬁr_L—Y>—</:\>—<Y—L—Y
ol —N

(where, R** and R*? each independently represent a linear or
branched alkyl group having 1 to 18 carbon atoms, a hydro-
gen atom, or a fluorine atom, in which one —CH,— group or
two non-adjacent —CH,— groups of the alkyl group are each
optionally substituted with—O—, —S—, —CO—,—CO—
0—,—0-CO0——CO—-S8——-S5CO—,—0-"S0,—,
—80,—0—,—0—CO—0—,—CH=—CH—, —C=C—,
a cyclopropylene group, or —Si(CH;),—, and one or more
hydrogen atoms of the alkyl group are each optionally sub-
stituted with a fluorine atom, a chlorine atom, a bromine
atom, or a CN group;

[0094] X?'to X**each independently represent a hydrogen
atom, a halogen, a cyano group, a methyl group, a methoxy
group, a CF; group, or a OCF; group;

[0095] ring A' represents a phenylene group or a cyclo-
hexylene group;,

[0096] L’s each independently represent a single bond,
—0—, —8—, —(CO0— —CH,0— —OCH,—,
—CF,0— —0CF,—, —C0—0—,—0—C0—,—CO0—
S~ —S-0— —0—C0—0— —CH,CH—,

—CH=CH—, or —C=C—; and

[0097] a' represents 0, 1, or 2; b and ¢’ each represent an
integer of 0, 1, of 2; the total of a’ +b'+¢* is 1 or 2, where when
a’ represents 1, ¢! represents 0; and when ¢’ represents 1, a*
represents 0).

[0098] Y’sin Formulae (LC-I) to (LC-VI) preferably each
independently represent a single bond or an alkylene group
having 1 to 7 carbon atoms (where, one or more methylene
groups of the alkylene group are each independently option-
ally substituted with —O—, —CO—, —COO—, or
—OCO—, provided that oxygen atoms are not directly bound
to each other),

[0099] Y’s, more preferably, each independently represent
asingle bond or an alkylene group having 1 to 5 carbon atoms
(where, one or more methylene groups of the alkylene group
are each independently optionally substituted with —O—,
—CO—, —COO—, or —OCO—, provided that oxygen
atoms are not directly bound to each other), and

[0100] Y’s, more preferably, each independently represent
asingle bond or an alkylene group having 1 to 3 carbon atoms
(where, one or more methylene groups of the alkylene group
are each independently optionally substituted with —O—,
—CO—, —COO—, or —OCO—, provided that oxygen
atoms are not directly bound to each other).

[0101] A compound that is suitable for TFT driving, show-
ing a stable ferroelectric liquid crystal phase, and having a
low viscosity suitable for rapid response is particularly pref-
erably a liquid crystalline compound represented by Formula
(LC-VII):
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(LC-VI)
Xz X

24
bl el

[Chem. 8]
(LC-VID)

X25 26 X23

X21 X22 X X24
R21 4@7 L25 R22
Al

(where, ' represents 0, 1, or 2;

[0102] X?'toX?%each independently represent a hydrogen
atom or a fluorine atom group, provided that when e' repre-
sents 0, at least one of X*! to X** is a fluorine atom and that
when e' represents 1, at least one of X** to X* is a fluorine
atom,;

[0103] R>'andR*?each independently represent a linear or
branched alkyl group having 1 to 18 carbon atoms, in which
one —CH,— group of the alkyl group is optionally substi-
tuted with —O—;

[0104] L*° represents a single bond, —CH,0—, or
—OCH,—; and ring A" represents a phenylene group or a
cyclohexylene group).

[0105] The liquid crystalline compound that is used in the
ferroelectric liquid crystal composition of the present inven-
tion may be one or a combination of two or more of, for
example, compounds represented by any of Formulae (1L.C-0),
(LC-I) to (LC-TID), (LC-1V), (LC-V), (LC-VI), and (LC-VII).

<Chiral Compound>

[0106] The ferroelectric liquid crystal composition in the
liquid crystal display apparatus of the present invention may
contain a chiral compound. The chiral compound may be a
compound having an asymmetric atom, a compound having
axial asymmetry, or a compound having planar asymmetry
and may have a polymerizable group or not. These chiral
compounds may be used alone or in combination of two or
more thereof. Herein, examples of the compound having axial
asymmetry include atropisomers.

[0107] Thechiral compound is preferably a compound hav-
ing an asymmetric atom or a compound having axial asym-
metry, and most preferably a compound having an asymmet-
ric atom. In the compound having an asymmetric atom, an
asymmetric carbon atom hardly causes stereoinversion and is
therefore preferred. A hetero atom may be an asymmetric
atom. The asymmetric atom may be introduced into a part of
a chain structure or may be introduced into a part of a cyclic
structure. When a large helical twisting power is particularly
required, a compound having axial asymmetry is preferred.
[0108] The compound having an asymmetric atom is, for
example, a compound having asymmetric carbon in a side
chain moiety, a compound having asymmetric carbon in
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cyclic structure moiety, or a compound having asymmetric
compound both the side chain and cyclic structure moieties.
Specifically, examples of the compound having an asymmet-
ric atom include the compounds represented by Formula (Ch-

I):

[Chem. 9]

(Ch-Ty
R100+A100_2100W DWZIOI—AIOIWRIOI

[0109] R'® and R'°' each independently represent a
hydrogen atom, a cyano group, NO,, a halogen, OCN, SCN,
SF,, a chiral or achiral alkyl group having 1 to 30 carbon
atoms, or a chiral group containing a polymerizable group or
a cyclic structure, in which one CH, group or two or more
non-adjacent CH, groups of the alkyl group are each inde-
pendently optionally substituted with —O—, —S—,
—NH—, —N(CH,)—, —CO—, —CO0—, —0OCO0—,
—0c0—0—, —S—C0—, —CO—8—, —CH—CH—,
—CF,—, —CF—CH—, —CH—CF—, —CF—CF—, or
—C=C—, one or more hydrogen atoms of the alkyl group
are each independently optionally substituted with a halogen
or a cyano group, and the alkyl group may be a linear or
branched and may contain a cyclic structure.

[0110] The chiral alkyl group is preferably represented by
any of Formulae (Ra) to (Rk):

[Cherm. 10]

(Ra)

(Rb)

Re)

(Rd)

(Re)
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[Chem. 11]
®RD
_@O n, 3
X3
(Rg)
(Rhy
R3
—FO)n A )
x Xt
x RD)
0
RS
(R)
R3
—eow
[0) (0]
N
Q
[Chem. 12]
X% w
Nk
/%
OR’
[0111] R? and R? each independently represent a linear or

branched alkyl group having 1 to 10 carbon atoms or a hydro-
gen atom, in which one or more —CH,— groups of the alkyl
group are each optionally substituted with —O—, —S—,
—NH—,  —N(CH;)—,  —CO0—, —CO0—0—,
—0—C0—, —0—C0—0—, —S—L0—, —(CO—-5—,
—0—80,—, —80,—0—, —CH—CH—, —C=C—, a
cyclopropylene group, or —Si(CH,),—, provided that oxy-
gen atoms or sulfur atoms are not directly boundto each other,
and one or more hydrogen atoms of the alkyl group are each
optionally substituted with a fluorine atom, a chlorine atom, a
bromine atom, or a cyano group, and the alkyl group option-
ally contains a polymerizable group. The polymerizable
group preferably has a structure represented by any of For-
mulae (R-1) to (R-15):

(R-1)
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-continued
(R-2)
CH,
O
~
@]
(R-3)
CF;
~
@]
(R-4)
NN
R-5)
'
(R-1)
N
7 Soco—
0]
®R-7)
O/
@)
(R-8)
o
@)
CH;
(R9)
>
(R-10)
H;C
ch%/
O
(R-11)
K™
¢]
(R-12)
HEC o
0]
(R-13)
O
Wi
O
(R14)
0]
| N
CO0—
¢}
(R-15)
—SH
[0112] These polymerizable groups are cured through radi-

cal polymerization, radical addition polymerization, cationic
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polymerization, or anionic polymerization. In particular, in
ultraviolet polymerization, the polymerizable groups repre-
sented by Formula (R-1), (R-2), (R-4), (R-5), (R-7), (R-11),
(R-13), or (R-15) are preferred; the polymerizable groups
represented by Formula (R-1), (R-2), (R-7), (R-11), or
(R-13) are more preferred; and the polymerizable groups
represented by Formula (R-1) or (R-2) are more preferred. In
the chiral group containing a cyclic structure, the cyclic struc-
ture may be aromatic or aliphatic. The cyclic structure of the
alkyl group can be a monocyclic structure, fused cyclic struc-
ture, or spirocyclic structure and can contain one or more
hetero atoms.

[0113] X and X* are each preferably a halogen atom (F, Cl,
Br, orI), a cyano group, a phenyl group (where, one or more
arbitrary hydrogen atoms of the phenyl group are each option-
ally substituted with a halogen atom (F, Cl, Br, or I), a methyl
group, amethoxy group, —CF;, or —OCF,), a methyl group,
amethoxy group, —CF;, or —OCF,. However, in Formulae
(Re) and (Rh), in order to that the atoms at the positions
indicated with asterisk are asymmetric, the groups repre-
sented by X* and X? are different from each other.

[0114] n, represents an integer of 0 to 20, and n, represents
Oorl.

[0115] InFormulae (Rd)and (Ri), R® is preferably a hydro-
gen atom or a methyl group.

[0116] InFormulae (Re)and (Rj), Q is a divalent hydrocar-
bon group such as a methylene group, an isopropylidene
group, or a cyclohexylidene group.

[0117] In Formula (Rk), k represents an integer of 0 to 5.
[0118] More preferably, R® represents a linear or branched
alkyl group having 4 to 8 carbon atoms, such as C,Hy, CH, 5,
and C,H,.; and X? is F, CF,, or CH,.

[0119] In particular, the chiral alkyl group is preferably
represented by any of the following Formulae:

[Chem. 14]
CaHorit CuHoyt Catopey
—t0 %—F —t0 %—F —t0 ?o—é
CH; CF, F

(where, o represents 0 or 1; n represents an integer of 2to 12,
preferably 3 to 8, and more preferably 4, 5, or 6; and asterisk
* represents a chiral carbon atom).

[0120] The chiral compound is more preferably a dichiral
compound in which both R'°® and R*°! are chiral groups in
Formula (Ch-I). A dichiral compound having an ester bond is
preferred for increasing the spontaneous polarization. A
dichiral compound having an ether bond is preferred for
increasing the tilt angle or stabilizing the orientation in a
voltage-application state.

[0121] 7' and 7'°* each independently represent —O—,

~S, €O, —0CO—, —0OCO—, —0O—0CO—,
~CO-NR%—, —NR®RY CO-, —OCH,
~CH,0—, SCH, ,CH,S—, CF,0—, OCF,,
—CF,S— —SCF,—, —CH,CH,—, —CF,CH,—.
~ CH,CF,, CF,CF,, CH—CH , CF—CH,
-~ CH—CF—, — CF—CF—, —C=C—, —CH—CH

OCO—,—0OCO—CH—CH—, orasinglebond, in which R
of —CO—N(R*)— or —N(R*}—CO— represents a hydro-
gen atom or a linear or branched alkyl group having 1 to 4
carbon atoms. 7' and 7% preferably each independently
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represent —CF,0—, —OCF,—, —CF,CF,—,
—CF=(Cf—, —CO0—, —0CO0—, —CH,—CH,—,
—C=C—, or a single bond.

[0122] A'°° and A'° each independently represent:

(a) a trans-1,4-cyclohexylene group (one —CH,— or two or
more non-adjacent —CH,— in this group are each indepen-
dently optionally substituted with —O— or —S—),

(b) a 1,4-phenylene group (one —CH— or two or more
non-adjacent —CH— in this group are each independently
optionally substituted with a nitrogen atom), or

(c) a group selected from the group consisting of a 1,4-
cyclohexenylene group, a 1,4-bicyclo[2.2.2]octylene group,
an indan-2,5-diyl group, a naphthalen-2,6-diyl group, a
decahydronaphthalen-2,6-diyl group, and a 1,2,3,4-tetrahy-
dronaphthalen-2,6-diyl group (one —CH,— or two or more
non-adjacent —CH,— of the group selected in the group (c)
are each independently optionally substituted with —O— or
—S—, and one —CH— or two or more non-adjacent
—CH— of the group selected in the group (c) are each inde-
pendently optionally substituted with a nitrogen atom). All of
these groups may be unsubstituted or mono- or polysubsti-
tuted with a halogen, a cyano group, NO,, or an alkyl, alkoxy,
alkylcarbonyl, alkoxycarbonyl group having 1 to 7 carbon
atoms in which one or more hydrogen atoms are optionally
substituted with F or Cl.

[0123] A'°°and A'°!inFormula (Ch-I) are each preferably
1,4-phenylene or trans-1,4-cyclohexylene, and these rings are
each preferably unsubstituted or substituted at the 1- to 4-po-
sitions with F, Cl, CN, or an alkyl, alkoxy, alkylcarbonyl, or
alkoxycarbonyl group having 1 to 4 carbon atoms.

[0124] n''represents O or 1, provided that when n'' repre-
sents 0, m* ' represents 0, and m* " represents 0, 1,2, 3, 4, or 5,
and when n'' represents 1, m'* and m'? are each indepen-
dently 0, 1,2,3, 4, or 5 and provided that when n** represents
0, at least one of R'° and R'®! is a chiral alkyl group or a
chiral group containing a polymerizable group or a cyclic
structure.

[0125] Whenn'' andm'?are each 0, m"! is preferably 1, 2,
or3. Whenn'' represents 1, m'" and m'? are preferably each
independently 1, 2, or 3.

[0126] D is a substituent represented by any of Formulae
(D1) to (D8)

[Chem. 15]

(DD

14
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-continued

(D3

E_, COO—

(D4
CO0—

(D3)

(D6)

@7

(D§)

(where, one or more arbitrary hydrogen atoms of the benzene
ring are each optionally substituted with a halogen atom (F,
Cl, Br, or I) or an alkyl or alkoxy group having 1 to 20 carbon
atoms, in which arbitrary hydrogen atoms of the alkyl or
alkoxy group are each optionally substituted with a fluorine
atom, or the methylene groups of the alkyl or alkoxy group are
each optionally substituted with —O—, —S—, —COO—,
—0c0—, —CF,—, —LCF=CH—, —CH=CF—,
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—CF—=CF—, or —C=C—, provided that oxygen atoms or
sulfur atoms are not directly bound to each other).

[0127] Whenn'® represents 0 in a partial structure, -(A'%-
Z2%m - (Dn'-(Z'°-AYm -, of Formula (Ch-I), pre-
ferred examples of the partial structure include the following
structures:

[Chem. 16]

RUaants

(IV-b3)

naaa Vs

(IV-bd)

e tats

(IV-b1)

(IV-b5)
(IV-b6)
(IV-bT)

-O--0-0-
o0
-0-O-
00

(IV-b10)

(IV-b11)
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-continued
(TV-b12)
UV
(TV-b13)

A A

(where, one or more arbitrary hydrogen atoms of the benzene
rings in these formulae are each optionally substituted with a
halogen atom (F, Cl, Br, or I), a methyl group, a methoxy
group, —CF, or —OCF,, and one or more arbitrary carbon
atoms of the benzene rings in these formulae are each option-
ally substituted with a nitrogen atom. The introduction of
these substituents and nitrogen atoms is preferred for a reduc-
tion in crystallinity and control of the direction or size of the
dielectric anisotropy. The definition of Z is the same as in 7'
and Z*°! in Fornmla (Ch-1)). In the aspect of reliability, ben-
zene rings and cyclohexane rings are preferred than hetero-
cycles such as pyridine rings and pyrimidine rings. In the
aspect of increasing the dielectric anisotropy, a compound
containing a heterocycle such as a pyridine ring or a pyrimi-
dine ring is preferably used. In such a case, the polarizability
of the compound is relatively high, which is preferred for
reducing the crystallinity and stabilizing the liquid crystalline
properties. Inthe case of ahydrocarbon ring such as a benzene
ring or acyclohexane ring, the polarizability of the compound
is low. Accordingly, an appropriate content is preferably
selected depending on the polarizability of a chiral com-
pound.

[0128] Whenn'' andm"? are 0, the compounds represented
by Formula (Ch-I) are preferably as follows:

[Chem. 18]
(Ch-I-D)
1100
R100 RI0I
Lio1
(Ch-1-2)
1,102 1,100
L103 LlOl
(Ch-1-3)
1,100
R100 Rl0I
1101



US 2014/0313468 Al

-continued
(Ch-1-4)
L 102 L 100
L 103 L 101
(Ch-1-5)
L100

CF,0 R0

RlooOZJOO

7,104

o)

LlOl
(Ch-1-6)

1,100

RIOO Z]OO CFZO RlOl

A
A

LIOS LlOl

(€7

1,100

CFZOQRIOI
c13204<;§—1{10l
LlOl

(Ch-1-9)

R100 7100

= (an = (an
5 5 5 5

e

RI CFCF,

>
<

[Chem. 19]

1,102 1,100

RIOO CF?_O RlOl

g
Il

L103 LlOl
(Ch-I-10)
L104 LIOZ LIOO

CF,0 RI0I

i
S

1,103 101

16
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-continued
(Ch-I-11)
1100
RI® CRO Rlo!
101
(Ch-I-12)
1102 1100
RIOO4<:>7CFZO Q RIOI
1103 1101
(Ch-I13)
Lo Li02 1100
RIOO CFZO Q R]Ol
1105 1103 101
(Ch-T-14)
1,100

RIOOOCFZOO_Q RIOI

RI100

RIOO

LlOl
[Chem. 20]
(Ch-I-15)
LIOO
LlOl
(Ch-I-16)
L102 LIOO
oo RI0I
L103 LlOl
(Ch-I-17)
L104 L102 LIOO
LIOS L103 LlOl
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-continued -continued
(Ch-1-18) (Ch-1-24)
1102 1,100 102 100
OO OO0
L103 LlOl
L103 LlOl
[Chem. 22]
(Ch-1-19) (Ch-1-25)
LlOl LlOO
LIOO
RIO(_<:>_<:>_<:>_CFZOQ—RIOI R100 RIO!
LlOl
(Ch-1-26)

1101 1,100

(Ch-1-20)
LIOO R1004<:>72100 RlOl

RIOC_<:>_<:>_COO RIOI

Lo (Ch-127)
LlOl LIOO
(Ch-I-21) R100 Rl0!
L102 L100
RIOO Co0 RlOl
(Ch-1-28)
L103 LlOl LlOl LIOO
[Chem. 21]
(Ch-1-29)
(Ch-1-22) 101 1,100
L104 LIOZ LIOO
OO
RIOO RlOl
L105 Ll(l3 LlOl
[0129] where, R*®°, R'!, and Z'° are synonymous with
R' R and Z'°° in Formula (Ch-I), respectively; at least
(ChL2) one of R'® and R*°" represents a chiral group; and L.'* to
L' each independently represent a hydrogen atom or a fluo-
1102 1,100 rine atom.
[0130] When n'' represents 1, the compound represented
RI® R by Formula (Ch-I) has a structure containing an asymmetric
carbon in the cyclic structure moiety, and the chiral structure
1103 L1o1 D is preferably represented by Formula (D5).

[0131] In the compound represented by Formula (Ch-I),
when D is represented by Formula (D5), specifically, the
compound is preferably represented by any of Formulae (D5-
1) to (D5-8):
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[Chem. 23]

(D5-1)

D5-2)

D5-3)

D5-4)

(D5-5)

(D5-6)

(D5-7)

(D5-8)
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(R?s each independently represent an alkyl group having 3 to
10 carbon atoms, in which —CH,—, adjacent to the ring, of
the alkyl group is optionally substituted with —O—, and

arbitrary —CH,— is optionally substituted with
—CH=CH—).
[0132] The axially asymmetric compound is preferably

represented by Formula (Ch-1T), (Ch-IIT), or (Ch-IV):

[Chem. 25]
(Ch-ID
R A 7815 x®l_ ORI x®2 (788 p®
- Mg Mg

(Ch-IIT)

vl
784

R¥— 781 A8 782 \/CH*SZ
Mg 785

(Ch-IV)

RSI_(_ASI_ZSI%_xSl_CH*SS_XSZ_PZsZ_ASZ_)_RSZ
m m
81 82

X83+283—A83 )m R83
83

[0133] R®,R*: R* andY® eachindependently represent
alinear or branched alkyl group having 1 to 30 carbon atoms,
a hydrogen atom, or a fluorine atom, in which one or more
—CH,— groups of the alkyl group are each optionally sub-

stituted with —O—, —S— —NH— —N(CH,)}—,
0, €O 0, 0 CO, O CO O,
—8—-C0—, —CO—S—, —0—80,—, —S0,—0—,

—CH—CH—, —C=C—, a cyclopropylene group, or —Si
(CH;),—, provided that oxygen atoms or sulfur atoms are not
directly bound to each other, one or more hydrogen atoms of
the alkyl group are each optionally substituted with a fluorine
atom, a chlorine atom, a bromine atom, or a CN group; the
alkyl group optionally contains a polymerizable group, the
alkyl group optionally contains a fused or spirocyclic system,
and the alkyl group optionally contains one or more aromatic
or aliphatic rings optionally containing one or more hetero
atoms, in which each of the rings is optionally substituted
with an alkyl group, an alkoxy group, or a halogen.

[0134] Z®', Z®2 7%3 7%, and 7*° each independently rep-
resent an alkylene group having 1 to 40 carbon atoms, in
which one or more CH, groups of the alkyl group are each
optionally substituted with —O—, —S— —NH—,
—N(CH,)— —CO—, —COO0—, —0OCO—, —OCO0—,
—8$—-C0—, —CO—S—, —CH—CH—, —CH—CF—,
—CF=CH—, —CF=CF—, —CF,—, or —C=C—, pro-
vided that oxygen atoms or sulfur atoms are not directly
bound to each other.

[0135] X®', X3, and X** each independently represent
—0—, —8—, —P—, —CO—, —CO0—, —0OCO—,
—0CO00—, CO NH, NH CO, CH,CH,—, —OCH,—,

—CH,0—, —SCH,—, —CH,S—, —CF—CF—,
— CH—=CH—, —0CO—CH=CH—, —C—C—, or a
single bond.

[0136] A®', A% and A® each independently represent a
cyclic group selected from a phenylene group, a cyclohexy-
lene group, a dioxolanediyl group, a cyclohexenylene group,
a bicyclo[2.2.2]octylene group, a piperidinediyl group, a
naphthalenediyl group, a decahydronaphthalenediyl group, a
tetrahydronaphthalenediyl group, and an indanediyl group. In
the phenylene group, the naphthalenediyl group, the tetrahy-
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dronaphthalenediyl group, and the indanediyl group, one or
more —CH— groups in each ring are each optionally substi-
tuted with a nitrogen atom. In the cyclohexylene group, the
dioxolanediyl group, the cyclohexenylene group, the bicyclo
[2.2.2]octylene group, the piperidinediyl group, the decahy-
dronaphthalenediyl group, the tetrahydronaphthalenediyl
group, and the indanediyl group, one —CH,— group or two
non-adjacent —CH,— groups in each ring are each option-
ally substituted with —O— and/or —S—, and one or more
hydrogen atoms of the cyclic group are each optionally sub-
stituted with a fluorine atom, a chlorine atom, a bromine
atom, a CN group, a NO, group, or an alkyl, alkoxy, alkyl-
carbonyl, or alkoxycarbonyl group having 1 to 7 carbon
atoms in which one or more hydrogen atoms are optionally
substituted with a fluorine atom or a chlorine atom; and
[0137] myg,, mg,, and mg, each represent 0 or 1, provided
that my, +mg,+mg; is 1, 2, or 3.

[0138] CH*', CH**, and CH*® represent the following
groups:

[Chem. 26]
R63

R

RGS

RS

R67
RS

[0139] R R* R% R R®, and R® each independently
represent a hydrogen atom, an alkyl group, an alkoxyl group,
an acyloxy group, a halogen atom, a haloalkyl group, or a
dialkylamino group; in which two of R%, R*, and R®
optionally form a methylene chain optionally having a sub-
stituent or a mono- or polymethylenedioxy group optionally
having a substituent; and two of R®%, R*’, and R®® optionally
form a methylene chain optionally having a substituent or a
mono- or polymethylenedioxy group optionally having a sub-
stituent, provided that R and R® are not simultaneously
hydrogen atoms.

[0140] More specifically, compounds represented by the
following Formula (IV-d4), (IV-d5), (IV-c1), or (IV-c2) are
preferred. Here, the axis of axial asymmetry is a bond linking
the a-positions of two naphthalene rings in Formulae (IV-d4),
(IV-d5), and (IV-c2) and is a single bond linking two benzene
rings in Formula (IV-c1).
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[Chem. 27]
(IV-d4)
71 771 71
X'—AT =25 R
72 T2_772 72
X —A Z -)WR
(IV-d5)

O\CH2 XT— ATI— 7713 R
‘M

X

o—C R¥

e8¢

[Chem. 28]

(IV-cl)

P(RSY),

PRS2,

%

(IV-c2)

[0141] InFormulae (IV-d4) and (IV-d5), R™* and R”* each
independently represent hydrogen, a halogen, a cyano (CN)
group, an isocyanate (NCO) group, an isothiocyanate (NCS)
group, or an alkyl group having 1 to 20 carbon atoms, in
which one or more arbitrary —CH,— in the alkyl group are
each optionally substituted with —O—, —S— —COO—,
—0CO—, —CH—CH—, —CF—CF—, or —C=C—, and
arbitrary hydrogen of the alkyl is optionally substituted with
a halogen;
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[0142] A”' and A7 each independently represent an aro-
matic or nonaromatic 3-, 6-, or 8-membered or a fused ring
having 9 or more carbon atoms, in which arbitrary hydrogen
atoms of these rings are each optionally substituted with a
halogen, an alkyl or haloalkyl group having 1 to 3 carbon
atoms, one or more —CH,— groups of each ring are each
optionally substituted with —O—, —S—, or —NH—, and
one or more —CH— groups of each ring are each optionally
substituted with —N—;

[0143] Z7' and Z7* each independently represent a single
bond or an alkylene group having 1 to 8 carbon atoms, in
which arbitrary —CH,— in the alkylene group is optionally

substituted with —O—, —S—, —COO—, —0OCO—,
—(CSO—, —0OCS—, —N=N—, —CH=N—,
—N=CH—, —N(O)=N—, —N=N(O)—,

—CH—CH—, —CF—CF—, or —C=C—, and arbitrary
hydrogen is optionally substituted with a halogen;

[0144] X"'and X" each independently represent a single
bond, —COO—, —0OCO—, —CH.O—, —OCH,
—CF,0—, —OCF,—, or —CH,CH,—; and

[0145] m,, and m,, each independently represent an inte-
ger of 1 to 4, except that either m,,; or m,, in Formula (1V-d5)
may represent 0.

[0146] R*represents ahydrogen atom or a halogen atom or
is synonymous with —X"*-(A7'-Z"")—R"".

[0147] InFormulae (IV-c1)and (IV-c2), at least one of X%
and Y®! and at least one of X** and Y° are present; and X%,
X%, Y%! and Y5 each independently represent CH,, C—0,
O,N, S, P, B, or Si,inwhich N, P, B, and Si are each optionally
bound to a substituent such as an alkyl group, an alkoxy
group, or an acyl group for satisfying a desired valence.

[0148] E°' and E®* each independently represent a hydro-
gen atom, an alkyl group, an aryl group, an allyl group, a
benzyl group, an alkenyl group, an alkynyl group, an alkyl
ether group, an alkyl ester group, an alkyl ketone group, a
heterocyclic group, or a derivative thereof.

[0149] InFormula (IV-c1), R® and R® each independently
represent a phenyl, cyclopentyl, or cyclohexyl group option-
ally substituted with an alkyl group, an alkoxyl group, or a
halogen atom;

[0150] R%,R%*, R%,R% R%, and R% each independently
represent a hydrogen atom, an alkyl group, an alkoxyl group,
an acyloxy group, a halogen atom, a haloalkyl group, or a
dialkylamino group, in which two of R, R® and R option-
ally form a methylene chain optionally having a substituent or
a mono- or polymethylenedioxy group optionally having a
substituent; and two of R%%, R°”, and R°® optionally form a
methylene chain optionally having a substituent or a mono- or
polymethylenedioxy group optionally having a substituent,
provided that R® and R® are not simultaneously hydrogen
atoms.

[0151] When a large helical twisting power is particularly
required, a compound represented by Formula (IV-d4) or
(IV-d5) 1s particularly preferred.

[0152] Specifically, the axially asymmetric compound is
preferably a compound represented by any of Formulae (E-1)
to (E-3):
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[Chem. 20]

E-1)

:Zw

(E-2)

Zw

(E-3)

Do

(R”’s each independently represent an alkyl group having 3 to
10 carbon atoms, in which —CH,—, adjacent to the ring, of
the alkyl group is optionally substituted with —O—, and
arbitrary —CH,— is optionally substituted with
—CH—CH—.) Here, the axis of axial asymmetry is a bond
linking the at-positions of two naphthalene rings in Formulae
(E-1), (E-2), and (E-3).

[0153] The planar asymmetric compound is preferably, for
example, a helicene derivative shown below:

[Chem. 30]

(IV-c3)

21
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(where, at least one of X®* and Y and at least one of X5* and
Y®? are present; and X%, X%, Y®', and Y each indepen-
dently represent CH,, C—=0, O, N, S, P, B, or Si, in which N,
P, B, and Si are each optionally bound to a substituent such as
an alkyl group, an alkoxy group, or an acyl group for satisfy-
ing a desired valence.

[0154] E°' and E each independently represent a hydro-
gen atom, an alkyl group, an aryl group, an allyl group, a
benzyl group, an alkenyl group, an alkynyl group, an alkyl
ether group, an alkyl ester group, an alkyl ketone group, a
heterocyclic group, or a derivative thereof). In such a helicene
derivative, since overlapping adjacent rings cannot freely
change the positional relationship, a ring having a right-
handed helical structure and a ring having a left-handed heli-
cal structure are distinguished from each other to express
chirality.

<Polymerizable Compound>

[0155] The ferroelectric liquid crystal composition in the
liquid crystal display apparatus of the present invention may
contain one or more polymerizable compounds. The poly-
merizable compound can have a cyclic structure (mesogenic
supporting group) such as a cyclohexane skeleton or a ben-
zene skeleton or does not have any mesogenic supporting

group.
[0156] The polymerizable compound having a mesogenic

supporting group is preferably represented by Formula
(PC1):

[Chem. 31]

(C1)
Cr—5p—Qiim MG Rio,

(where, P, represents a polymerizable group; Sp, represents a
spacer group having 0 to 20 carbon atoms; Q, represents a
single bond, —O—, —OCH,—, —CH,0—, —C,H,—,

~C00—, —0CO-, —CH=CH, —CO,
~0CO00—, —NH-, —NHCOO -, —OCONH,
—0COCH,—. ~ CH,0CO—, — COOCH,—,
~CH,C00—, —CH—CH-0OCO—, —OCO—

CH—CH—, —CH—CH—0OCO—, —COO—CH—CH—,
—CH—CCH;—0CO—, —CO0—CCH,—CH—,
~COOC,H,, —OCOCH,—, —C,H0C0,
—C,H,C00—, —(C=C—, —CF,0—, or —OCF,—; n,
and n,, each independently represent 1, 2, or 3; and MG
represents a mesogenic group or a mesogenic supporting
group; and

[0157] R,, represents a hydrogen atom, a halogen atom, a
cyano group, or an alkyl group having 1 to 25 carbon atoms,
in which one or more CH, groups of the alkyl group are each
optionally substituted with —O—, —S— —NH—,
—N(CH,)—, —CO—, —CO0—, —0OCO—, —OCO0—,
—SCO—, —COS—, or —C=C—, provided that oxygen
atoms are not directly bound to each other, or R, represents
P,—Sp,-Q,- (where, P,, Sp,, and Q, are synonymous with
P,, Sp;, Q. respectively)).
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[0158] In Formula (PC1), MG is preferably has a structure
represented by the following formula:

[Chem. 32]
— =Y G Yy G—

3

(where, C, to C; each independently represent a 1,4-phe-
nylene group, a 1,4-cyclohexylene group, a 1,4-cyclohexenyl
group, a tetrahydropyrazin-2,5-diyl group, a 1,3-dioxan-2,5-
diyl group, a tetrahydrothiopyran-2,5-diyl group, a 1,4-bicy-
clo(2,2,2)octylene group, a decahydronaphthalen-2,6-diyl
group, a pyridin-2.5-diyl group, a pyrimidin-2,5-diyl group, a
pyrazin-2,5-diyl group, a 1,2,3,4-tetrahydronaphthalen-2,6-
diyl group, a 2,6-naphthylene group, a phenanthren-2,7-diyl
group, a 9,10-dinydrophenanthren-2,7-diyl group, a 1.2,3,4,
4a,9,10a-octahydrophenanthren-2,7-diyl group, or a fluoren-
2,7-diyl group, in which the 1,4-phenylene group, the 1,2,3,
4-tetrahydronaphthalen-2,6-diyl group, the 2,6-naphthylene
group, the phenanthren-2,7-diyl group, the 9,10-dihydro-
phenanthren-2,7-diyl group, the 1,2,3,4,4a,9.10a-octahydro-
phenanthren-2,7-diyl group, and the fluoren-2,7-diyl group
are each optionally substituted with one or more of F, Cl, CF,,
OCF;, a cyano group, an alkyl, alkoxy, alkanoyl, or alkanoy-
loxy group having 1 to 8 carbon atoms, and an alkenyl,
alkenyloxy, alkenoyl, or alkenoyloxy groups having 2 to 8
carbon atoms; Y; and Y, each independently represent
CO0—, —0CO—, —CH,CH,—, —OCH,—, —CH,0—,

~CH—CH-, - C=C-, —CH=CHCOO -,
— OCOCH—CH—, ~ CH,CH,CO0—,
— CH,CH,0C0—, — COOCH,CH,—,

—OCOCH,CH,—, —CONH—, —NHCO—, or a single
bond; and n, ; represents 0, 1, or 2); and

[0159] Sp, and Sp, each independently represent an alky-
lene group having 1 to 15 carbon atoms, in which one or more
hydrogen atoms of the alkylene group are each independently
optionally substituted with a halogen atom, a cyano group, a
methyl group, or an ethyl group, and one or more CH, groups
of the alkylene group are each optionally substituted with
—0—, —S—, —NH—, —N(CH,)—,—CO—, —CO00—,
—0CO—,—0C00—,—SCO—,—COS—, or—C=C—,
provided that oxygen atoms are not directly bound to each
other; and P, and P, preferably each independently have a
structure represented by any of Formulae (R-1) to (R-15):

[Chem. 33]
. ®1)
A( N
0]
- (R-2)
3
N
@]
- (R-3)
3
<
@]
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R-4)
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(R-13)
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(R14)
|
CO0—
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—SH

[0160] These polymerizable groups are cured through radi-
cal polymerization, radical addition polymerization, cationic
polymerization, or anionic polymerization. In particular, in
ultraviolet polymerization, polymerizable groups repre-
sented by Formula (R-1), (R-2), (R-4), (R-5), (R-7), (R-11),
(R-13), or (R-15) are preferred; polymerizable groups repre-
sented by Formula (R-1), (R-2), (R-7), (R-11), or (R-13) are
more preferred; and polymerizable groups represented by
Formula (R-1) or (R-2) are more preferred.

[0161] The polymerizable compound having a mesogenic
supporting group represented by Formula (PC1) can have one
polymerizable group in a molecule as shown in Formula
(PC1)-0:
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[Cherm. 34]
(PCI)-0
I|{”
H2C=C—COO—Y04®7Y14@7Y2—€@>7Y3—R12
14

where, R, , represents ahydrogen atom oramethyl group,and ~ —COO—, —0OCO—, —CH=—CH—,  —CO—,
the 6-membered rings T,, T,, and T; each independently —0CO00—, —NH—, —NHCOO—, —OCONH—,
represent any of the following structures: —OCOCH,—, —CH,0CO—, —COOCH,—,
—CH,CO0—, —CH=CH—0CO—, —0CO—
CH—CH—, —CH—CH—0C0—, —COO0—CH—CH—,
[Chem.35] ~ —CH—CCH,—0OCO—, —COO0—CCH;—CH—,

/ N —COOC,H,—, —OCOC,H,—, —C,H,0C0O—,
—< >— — \>— —C,H,C00—, —C=C—, —CF,0—, or —OCF,—; and
_ Y, represents a single bond, —O—, —CO0O—, or—0OCO—;
N N and

4@7 { \>7 [0163] R,, represents a hydrogen atom, a halogen atom, a
J— — cyano group, an alkyl group having 1 to 20 carbon atoms, an
N alkenyl group having 1 to 20 carbon atoms, an alkoxy group
/ \ having 1 to 20 carbon atoms, or a hydrocarbon group having

< 1 to 20 carbon atoms.
X 0 0 [0164] The polymerizable compound having a mesogenic
> < supporting group represented by Formula (PC1) can have a
structure having two or more polymerizable groups in a mol-

ecule as shown in Formula (PC1)-1 or (PC1)-2:

F)m CH3)m

(PC1)-1
Er—Sp— Qi MGt Q=S P2,

(PC1)-2
Br— Qo MG—+Q =Py,

31

[0165] where, P,, Sp,, Q,, P,, Sp,, Q,, and MG are syn-
_|_ onymous with those in Formula (PC1); and n, and n, each
B independently represent 1, 2, or 3.

[0166] The polymerizable compound represented by For-
(where, m represents an integer of 1 to 4); and n, , represents mula (PC1)-1 is preferably one or a mixture of two or more

an integer of O or 1; polymerizable compounds selected from the group consist-
[0162] Y,,Y,,andY,eachindependently represent a single ing of compounds represented by Formulae (PC1)-3 to
bond, —O—, —OCH,—, —OCH,— —C,H,—, (PCD)-11:
[Cherm. 37]
(PC1)-3 (PC1)-4
(\iV 1ng (\iV g (Wl)Hs
Spr—Qik 4 Q—Sps—P, Q1 S P
S/ NSQ—Sp—P _\ Q—Spy— 2
(PCI)-5 ®PC)-6
(Wl)ﬂs (W 1)ng (Wl)ns (Wp)ng ‘Wl)ns 'Wl)ns

PS Q PSPIQI | ,=Sp2=P2)
1—Spi~ 1n2“ \ / \ /_\/('Qz Spa— P22 i m—coo / \ /'\/(-Q p2-P) s
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-continued
(Wi)ns (Wne (Wine
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(PC1)-7

Sp—Q | | | Q—Sm—P;
AN /N @ )

(W1)ng (Wl)ﬂs

(PC1)-8

(Wl)ﬂs

[Chem. 38]

(W l)n

Q‘)\\/_ N\ (Wnn

(PC1)-9

\_ _\ /éQz —Sp— Pz
00 =

(W l)n

Ql)ﬁ\/_l (Wl '”6

(PC1)-10

Wl)n

Y,

(Wl)n (Wl)n6
" N A\
\—COO

(where, P, P,, Sp,, Sp,, Q,, and Q, are synonymous with
those in Formula (PC1); W,’s each independently represent
F, CF,, OCF;, CH,;, OCH;, an alkyl, alkoxy, or alkenyl group
having 2 to 5 carbon atoms, COOW,, OCOW,, or OCOOW,,
(where, W,’s each independently represent a linear or
branched alkyl group having 1 to 10 carbon atoms, or an
alkenyl group having 2 to 5 carbon atoms); n,,’s each inde-
pendently represent 1, 2, or 3; n,,’s each independently rep-
resent 1,2, or3; and ng’s each independently represent 0, 1, 2,
3, or 4, provided that n,, +n, and n,,+n, on the same ring are
each 5 or less).

[0167] InFormulae (PC1)-3to(PC1)-11,Sp,, Sp,.Q,,and
Q, are preferably single bonds. n,,+n,, is preferably 1 to 3
and more preferably 1 or 2. P, and P, are each preferably
represented by Formula (R-1) or (R-2). W, is preferably F,
CF;, OCF,, CH,, or OCH;. n, is preferably 1, 2, 3, or 4.
[0168] Specifically, compounds shown below are pre-
ferred.

[Chem. 30]

(PC1-3a)

H::H

(PC1)-11

(Wl)ns

Qy—Sp2— Pz
”zh

-continued
(PC1-3b)

w:w

(0]
(PC1-3¢)
F
0] 0]
(PC1-3d)

HZW
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-continued
(PC1-3¢)

(PC1-3D)

-

(PC1-3g)

(PC1-3h)

be
>

(PC1-3i)

[0169] Furthermore, in the compounds represented by For-
mulae (PC1-3a) to (PC1-3i), a hydrogen atom of each ben-
zene ring is optionally substituted with a fluorine atom.
[0170] The Compound represented by Formula (PC1)-1 is
also preferably one or a mixture of two or more polymerizable
compounds selected from the group consisting of compounds
represented by Formula (IT-a):

[Chem. 40]
(Il-a)
R} R*

H,C=C—000— Z*~C*—2*35—C*—Z’—0C0—C=CI],

(in Formula (II-a), R* and R* each independently represent a
hydrogen atom or a methyl group;

[0171] C*and C° each independently represent a 1,4-phe-
nylene group, a 1,4-cyclohexylene group, a pyridin-2,5-diyl
group, a pyrimidin-2,5-diyl group, a pyridazin-3,6-diyl

Oct. 23,2014

group, a 1,3-dioxan-2,5-diyl group, a cyclohexen-1,4-diyl
group, a decahydronaphthalen-2,6-diyl group, a 1,2,3,4-tet-
rahydronaphthalen-2,6-diy] group, a 2,6-naphthylene group,
or an indan-2,5-diyl group (among these groups, the 1,4-
phenylene group, the 1,2,3,4-tetrahydronaphthalen-2,6-diyl
group, the 2,6-naphthylene group, and the indan-2,5-diyl
group may be unsubstituted or are each optionally substituted
with one or more of a fluorine atom, a chlorine atom, a methyl
group, a trifluoromethyl group, and a trifluoromethoxy
group);

[0172] Z? and Z® each independently represent a single
bond or an alkylene group having 1 to 15 carbon atoms
(where, one or more methyl groups of the alkylene group are
each independently optionally substituted with an oxygen
atom, —CO—, —COO—, or —OCO—, provided that oxy-
gen atoms are not directly bound to each other, and one or
more hydrogen atoms of the alkylene group are each inde-
pendently optionally substituted with a fluorine atom, a
methyl group, or an ethyl group);

[0173] Z* represents a single bond, —CH,CH,—,
—CH,0—, —OCH,—, —CH,CH,0—, —OCH,CH,—,
—CH,CH,CH,0—, —OCH,CH,CH,—,
—CH,CH,0C0O—, —COOCH,CH,—,
—CH,CH,CO0—, —OCOCH,CH,—, —CH—CH—,
—(=C—, —CF,0— —OCF,— —COO0—, or

—OCO—; and n” represents 0, 1, or 2, where when n rep-
resents 2, two or more C*’s may be the same or different and
two or more Z*'s may be the same or different), and com-
pounds represented by Formula (II-b):

[Chem. 41]
(I-b)
R’ RS

78—0CO—C=CH,
2

ILC=C—C00—Z8—C6—Z73—C’

(in Formula (II-b), R® and R each independently represent a
hydrogen atom or a methyl group;

[0174] C° represents a 1,4-phenvylene group, a 1,4-cyclo-
hexylene group, a pyridin-2,5-diyl group, a pyrimidin-2,5-
diyl group, a pyridazin-3,6-diyl group, a 1,3-dioxan-2,5-diyl
group, a cyclohexen-1,4-diyl group, a decahydronaphthalen-
2,6-diyl group, a 1,2,34-tetrahydronaphthalen-2,6-diyl
group, a 2,6-naphthylene group, or an indan-2,5-diyl group
(among these groups, the 1,4-phenylene group, the 1,2,3.4-
tetrahydronaphthalen-2,6-diyl group, the 2,6-naphthylene
group, and the indan-2,5-diyl group may be unsubstituted or
are each optionally substituted with one or more of a fluorine
atom, a chlorine atom, a methyl group, a trifluoromethyl
group, and a trifluoromethoxy group);

[0175] 7 represents a benzen-1,2,4-triyl group, a benzen-
1,3.4-triyl group, a benzen-1,3,5-triyl group, a cyclohexan-1,
2,4-triyl group, a cyclohexan-1,3,4-triyl group, or a cyclo-
hexan-1,3,5-triyl group;

[0176] Z5 and Z® each independently represent a single
bond or an alkylene group having 1 to 15 carbon atoms
(where, one or more methylene groups of the alkylene group
are each independently optionally substituted with an oxygen
atom, —CO—, —COO—, or —OCO—, provided that oxy-
gen atoms are not directly bound to each other, and one or
more hydrogen atoms of the alkylene group are each inde-
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pendently optionally substituted with a fluorine atom, a
methyl group, or an ethyl group);

[0177] 77 represents a single bond, —CH,CH,—,
~ CH,0—, —OCH,, —CH,CH,0—, —OCH,CH, .,
~ CH,CH,CH,0—, — OCH,CH,CH,—,
—CH,CH,0CO—, —COOCH,CH,—,
~ CH,CH,COO—, —OCOCH,CH, , —CH—CH .,
—(=C—, —CF,0— —O0OCF,—, —CO0—, or

—OCO—; and n® represents 0, 1, or 2, where when n® rep-
resents 2, two or more C®s may be the same or different and
two or more 7”’s may be the same or different).

[0178] The compound represented by Formula (II-a) is
preferably represented by Formula (II-d) or (1I-e):

[Chem. 42]

7 O(CHZ”_Y“@YH}@x
/w( /1 Y”@—Y”— (CHy),0
o]

26
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(II-d)

w(\
0
(l-¢)

O(CHz)r—YIIO—L IQYIZ_(CHz)SO
A( ¥is vi6 \[(\
0 (0]

(in Formulae (1I-d) and (II-¢), m* represents 0 or 1;

[0179] Y'!and Y'? each independently represents a single
bond, —O—, —COO—, or —OCO—; Y** and Y'* each
independently represent COO— or —OCO—; Y** and Y*¢
each independently represent COO— or—OCO—; and rand
s each independently represent an integer of 2 to 14. The
1,4-phenylene group in each formula may be unsubstituted or
is optionally substituted with one or more of a fluorine atom,

[Chem. 43]

a chlorine atom, a methyl group, a trifluoromethyl group, or a
trifluoromethoxy group). The use of these compounds can
provide optically anisotropic compounds having high
mechanical strength and excellent heat resistance and is
therefore preferred.

[0180] Examples of the compounds represented by For-
mula (II-a) include compounds represented by Formulae (II-
1) to (11-10):

(I-1)

CH2=CHCOO(CH2)j04®7COOAQO(CHz)kOCOCH:CHz
CH2=CHCOO(CHz)j-04<;>—coo4<;>—oc04<;>—O(CHQ)kOCOCH=CH2

CH;
CH2=CHCOO(CHz)joA@7COOO—OCOOO(CHQ,QCOCH=CH2
CHZCHCOO(CHHoA@—cooOAO—O(CHz)kOCOCHCH,

{I1-3)

(I1-4)
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-continued

CH2=CHCOO(CH2)jOOCOOO(CH;)kOCOCHZCHZ
CHZ=CHCOO(CH2)joc004<;>—0(cm)kocow=CH2

F

CH,= CHCOO(CHZ)j Co0 4%37 (CH:);0COCH==CH,
F F

CH,= CHCOO(CHz)j €00 ~©7 (CH);0COCH=CH,

F
CH2=CHCOO(CH2)jc004<;>7(CHg,pCOCH:CH2
F F
CH,==CHCOO(CH,); Q O Q (CH,);0COCH==CH,

[0181] where, j and k eachindependently represent an inte-
gerof 2 to 14.

[0182] Examples of the compounds represented by Formu-
lae (II-d) and (II-e) include compounds represented by For-
mulae (II-11) to (II-20):

[Cherm. 44]

CH,==CHCOO(CH,};0 Co0

CH,==CHCOO(CH,};0 Co0

CH,==CHCOO(CH),0 COO

res
e

H3;CO

CH,==CHCOO(CH,}0 Co0

© 0oc
s
e

0
>—©—O(CH2)kOCOCH=CH2
o

O(CH,),OCOCH=CH,

0
>—<;>—O(c1{z)kOCOCH=CH2
o

O(CH,),OCOCH=CH,

Oct. 23,2014

(I1-5)

(I1-6)

{IL-7)

(I1-8)

(I1-9)

(1I-10)

W-11)

1-12)

(1-13)

(1-14)
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-continued

0
cm:cmoowmy@wo@x >—©7(CH2),(OCOCH=CH2
o

CH2=CHCOO(CH2),-4©—COO
CH2=CHCOO(CH2)j4©7COO

H;,CO

CH2=CHCOO(CH2)1-4®7COO

cl
CH2=CHcoo<CH2)j04®—\_<04®—o }_/—QO(CHZ) LOCOCH=CH,
0 0

(1I-15)

(II-16)

0
>—<;>7(0}12;kococ1{=0}12

0

0
>—®7(CszkOCOCH=CH2

0

0,
>—®7(CszkOCOCH=CH2
o]

a-17)

-18)

(1-19)

(11-20)

CH2=CHCOO(CH2)j4©—\_<04®7O }_/—Q— (CH,);0COCH=C,
0 0

[0183] where, j andk eachindependently represent an inte-
gerof 2 to 14.
[0184] Polymerizable compounds not having mesogenic

supporting groups are preferably represented by Formula
(PC2):

[Cherm. 45]

Al B? AS
P—Al—(lj z”—(lj zb—(lj—Bl
Al B/ A’

(where, P represents a polymerizable group, A” represents a
single bond or an alkylene group having 1 to 15 carbon atoms
(where, one or more methylene groups of the alkylene group
are each independently optionally substituted with an oxygen
atom, —CO—, —COO—, or —OCO—, provided that oxy-
gen atoms are not directly bound to each other, and one or
more hydrogen atoms of the alkylene group are each inde-
pendently optionally substituted with a fluorine atom, a
methyl group, or an ethyl group);

[0185] Z* and Z” are each represent a single bond or an
alkylene group having 1 to 15 carbon atoms (where, one or
more methylene groups of the alkylene group are each inde-
pendently optionally substituted with an oxygen atom,

(PC2)

—CO—, —COO—, or —OCO—, provided that oxygen
atoms are not directly bound to each other, and one or more
hydrogen atoms of the alkylene group are each independently
optionally substituted with a fluorine atom, a methyl group, or
an ethyl group);

[0186] A®and A® each independently represent a hydrogen
atom or an alkyl group having 1 to 30 carbon atoms (where,
one or more methylene groups of the alkyl group are each
independently optionally substituted with an oxygen atom,
—CO—, —COO—, or —OCO—, provided that oxygen
atoms are not directly bound to each other, and one or more
hydrogen atoms of the alkyl group are each independently
optionally substituted with a halogen atom or an alkyl group
having 1 to 17 carbon atoms);

[0187] A*and A” each independently represent a hydrogen
atom or an alkyl group having 1 to 10 carbon atoms (where,
one or more methylene groups of the alkyl group are each
independently optionally substituted with an oxygen atom,
—CO—, —COO—, or —OCO—, provided that oxygen
atoms are not directly bound to each other, and one or more
hydrogen atoms of the alkyl group are each independently
optionally substituted with a halogen atom or an alkyl group
having 1 to 9 carbon atoms); k represents 0 to 40; and
[0188] B!, B? and B? each independently represent a
hydrogen atom, a linear or branched alkyl group having 1 to
10 carbon atoms (where, one or more methylene groups of the
alkyl group are each independently optionally substituted
with an oxygen atom, —CO—, —COO—, or —OCO—,
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provided that oxygen atoms are not directly bound to each
other), or a group represented by -A®-P (where, A® represents
a single bond or an alkylene group having 1 to 15 carbon
atoms (where, one or more methylene groups of the alkylene
group are each independently optionally substituted with an
oxygen atom, —CO—, —COO—, or —OCO—, provided
that oxygen atoms are not directly bound to each other, and
one or more hydrogen atoms of the alkylene group are each
independently optionally substituted with a fluorine atom, a
methyl group, or an ethyl group), where, the number of B',
B?, and B?, of which the total number is 2k+1, represented by
-A%-P is 0 to 3). The polymerizable compounds represented
by Formula (PC2) of which the main chains or the alkyl side
chains have different lengths may be used in combination.
[0189] The polymerizable compound represented by For-
mula (PC2) preferably has a structure containing one or more
compounds selected from the group consisting of compounds
represented by Formula (PC2)-1:

[Cherm. 46]
(PC2)-1

(where, P represents a polymerizable group; A'? and A*® each
independently represent a single bond or an alkylene group
having 1 to 15 carbon atoms (where, one or more methylene
groups of the alkylene group are each independently option-
ally substituted with an oxygen atom, —CO—, —COO—, or
—OCO—, provided that oxygen atoms are not directly bound
to each other, and one or more hydrogen atoms of the alkylene
group are each independently optionally substituted with a
fluorine atom, a methyl group, or an ethyl group);

[0190] A'® and A'® each independently represent a linear
alkyl group having 2 to 20 carbon atoms (where, one or more
methylene groups of the linear alkyl group are each indepen-
dently optionally substituted with an oxygen atom, —CO—,
—CO0—, or —OCO—, provided that oxygen atoms are not
directly bound to each other);

[0191] A'*and A'” each independently represent a hydro-
gen atom or an alkyl group having 1 to 10 carbon atoms
(where, one or more methylene groups of the alkyl group are
each independently optionally substituted with an oxygen
atom, —CO—, —COO—, or —OCO—, provided that oxy-
gen atoms are not directly bound to each other, and one or
more hydrogen atoms of the alkyl group are each indepen-
dently optionally substituted with a halogen atom or an alkyl
group having 1 to 9 carbon atoms);

[0192] A'° represents an alkylene group having 9 to 16
carbon atoms (where, one hydrogen atom of each of one to
five methylene groups of the alkylene group is independently
substituted with a linear or branched alkyl group having 1 to
10 carbon atoms, and one or more methylene groups of the
alkylene group are each independently optionally substituted
with an oxygen atom, —CO—, —COO—, or —OCO—,
provided that oxygen atoms are not directly bound to each

other); compounds represented by Fornula (PC2)-2:
P—(CH,),—P(PC2)-2 [Chem. 47]

(where, P represents a polymerizable group; and a represents
an integer of 6 to 22);
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compounds represented by Formula (PC2)-3:

[Chem. 48]

(PC2)-3
Catlaz

P_(CHZ)b_T_(CHZ)c_P

CeHaerl

(where, P represents a polymerizable group; b and ¢ each
independently represent an integer of 1 to 10; d represents an
integer of 1 to 10; and e represents an integer of 0 to 6); and

compounds represented by Formula (PC2)-4:

[Chem. 49]

(PC2)-4
CHy(CHy),—CH—(CHy),—P

CH;(CHy),— CH— (CHy),—P

(where, P represents a polymerizable group; and m, n, p, and
qeach independently represent an integer of 1 to 10). Among
these compounds, compounds represented by Formula
(PC2)-1 are more preferred.

[0193] The polymerizable group P can have a structure
represented by any of Formulae (R-1) to (R-15):

[Chem. 50]
R-1)
WO\
0]
R-2)
CH;
N
0
(R-3)
CF;
N
0
(R-4)
0N
(R-5)
/\ O/
R-1)
3
7 Noco—
0]
R-7)
O/
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Preferred polymerizable groups are represented by Formula
(R-1), (R-2), (R-4), (R-5), (R-7), (R-11), (R-13), or (R-15);
more preferred polymerizable groups are represented by For-
mula (R-1), (R-2), (R-7), (R-11), or (R-13); and more pre-
ferred polymerizable groups are represented by Formula
(R-1) or (R-2). Furthermore, polymerizable compounds rep-
resented by Formula (R-1) are particularly preferred because
of its high rate of polymerization.

[0194] A'% and A'® preferably each independently repre-
sent a single bond or an alkylene group having 1 to 3 carbon
atoms. The distance between two polymerizable groups can
be adjusted by independently varying the numbers of carbon
atoms of A%, A'® and A'°. The compound represented by
Formula (PC2)-1 is characterized by the long distance
between polymerizable functional groups (distance between
crosslinking points). However, a too long distance causes a
significant reduction in polymerization rate to adversely
affect the phase separation. Accordingly, the distance
between polymerizable functional groups has an upper limit.
On the other hand, the distance between two side chains, A'?
and A'9, affects the mobility of the main chain. That is, a short
distance between A'® and A'® causes interference between
side chains A'® and A'®, resulting in a decrease in mobility.
Accordingly, the compound represented by Formula (PC2)-1
is preferred to have a long distance between polymerizable
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functional groups, which is determined based on the sum of
the lengths of A'2 A'® and A'°, by elongating the length of
A3 not by elongating the lengths of A'> and A%,

[0195] In addition, the lengths of side chains A'%, A**, A'S
and A'7 are preferably determined as follows.

[0196] In Formula (PC2)-1, when side chains A'® and A
bound to the same carbon atom of the main chain have dif-
ferent lengths from each other, a longer side chain is referred
to as A'? (when A'? and A'* have the same length, either one
of them is referred to as A'®). Similarly, when the lengths of
A'% and A" are different from each other, the longer side
chain is referred to as A'® (when A'® and A'” have the same
length, either one of them is referred to as A'®).

[0197] Such A" and A'S are, in the present invention, each
independently a linear alkyl group having 2 to 20 carbon
atoms (where, one or more methylene groups of the linear
alkyl group are each independently optionally substituted
with an oxygen atom, —CO—, —COO—, or —OCO—,
provided that oxygen atoms are not directly bound to each
other).

[0198] Preferably, A'® and A'S are each independently a
linear alkyl group having 2 to 18 carbon atoms (where, one or
more methylene groups of the linear alkyl group are each
independently optionally substituted with an oxygen atom,
—CO—, —COO—, or —OCO—, provided that oxygen
atoms are not directly bound to each other).

[0199] More preferably, A* and A'® are each indepen-
dently a linear alkyl group having 3 to 15 carbon atoms
(where, one or more methylene groups of the linear alkyl
group are each independently optionally substituted with an
oxygen atom, —CO—, —COO—, or —OCO—, provided
that oxygen atoms are not directly bound to each other).
[0200] A side chain has a higher mobility than the main
chain and thereby contributes to an improvement in the
mobility of a polymer chain at low temperature, but con-
versely, occurrence of spatial interference between two side
chains as described above reduces the mobility. In order to
inhibit the spatial interference between side chains, it is effec-
tive to increase the distance between side chains and to
decrease the lengths of the side chains within a necessary
range.

[0201] Furthermore, in the present invention, A'* and A'”
are each independently a hydrogen atom or an alkyl group
having 1 to 10 carbon atoms (where, one or more methylene
groups of the alkyl group are each independently optionally
substituted with an oxygen atom, —CO—, —COO—, or
—OCO—, provided that oxygen atoms are not directly bound
to each other, and one or more hydrogen atoms of the alkyl
group are each independently optionally substituted with a
halogen atom or an alkyl group having 1 to 9 carbon atoms).
A'*and A7 preferably each independently representa hydro-
genatom or an alkyl group having 1 to 7 carbon atoms (where,
one or more methylene groups of the alkyl group are each
independently optionally substituted with an oxygen atom,
—CO—, —COO—, or —OCO—, provided that oxygen
atoms are not directly bound to each other); more preferably
each independently represent a hydrogen atom or an alkyl
group having 1 to 5 carbon atoms (where, one or more meth-
ylene groups of the alkyl group are each independently
optionally substituted with an oxygen atom, —CO—,
—COO—, or —OCO—, provided that oxygen atoms are not
directly bound to each other); and most preferably each inde-
pendently represent a hydrogen atom or an alkyl group having
1 to 3 carbon atoms (where, one or more methylene groups of
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the alkyl group are each independently optionally substituted
with an oxygen atom, —CO—, —COO—, or —OCO—,
provided that oxygen atoms are not directly bound to each
other).

[0202] Alsoin A" and A'7, if the lengths thereof are too
long, spatial interference is disadvantageously caused
between the side chains. On the other hand, when A'* and A’
are alkyl chains having short lengths, it is believed that they
can have high mobility and inhibit an approach between adja-
cent main-chain moieties and that they can prevent interfer-
ence between polymer main-chain moieties to enhance the
mobility of the main chain, which can prevent an increase in
anchoring energy at low temperature and is effective for
improving the characteristics of a polymer stabilized liquid
crystal optical device in a low temperature region.

[0203] A'®lying between two side chains preferably has a
long length from a viewpoint of varying the distance between
side chains and from a viewpoint of broadening the distance
between crosslinking points to reduce the glass transition
temperature. However, if A'® is too long, the molecular
weight of the compound represented by Formula (PC2)-1 is
too large, which reduces the compatibility with a liquid crys-
tal composition and adversely affects the phase separation
due to a too low rate of polymerization. These reasons spon-
taneously restrict the upper limit of the length.

[0204] Accordingly, in the present invention, A is prefer-
ably an alkylene group having 9 to 16 carbon atoms (where,
onehydrogen atom of each of one to five methylene groups of
the alkylene group is independently substituted with a linear
or branched alkyl group having 1 to 10 carbon atoms, and one
or more methylene groups of the alkylene group are each
independently optionally substituted with an oxygen atom,
—CO—, —CO0—, or —OCO—, provided that oxygen
atoms are not directly bound to each other).

[0205] That is, in the present invention, A'® preferably has
an alkylene chain length of 9 to 16 carbon atoms. A'” has, as
structural characteristics, a structure in which a hydrogen
atom of the alkylene group is substituted with an alkyl group
having 1 to 10 carbon atoms. The number of substitutions of
the alkyl group is one to five, preferably one to three, and
more preferably two or three. The number of carbon atoms of
the alkyl group as a substituent is preferably one to five and
more preferably one to three.

[Chem. 51]

)l(
HZC_C_COO_ZIO_YH)A@iY“@YIZ
10
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[0206] For example, a compound represented by Formula
(PC2)-1in which A'* and A'” are hydrogen can be prepared
by reacting a compound having a plurality of epoxy groups
with a polymerizable compound having active hydrogen
reactive with an epoxy group, such as acrylic acid or meth-
acrylic acid, to synthesize a polymerizable hydroxyl group-
containing compound and then reacting the polymerizable
compound with saturated fatty acid.

[0207] Alternatively, the compound can be prepared by
reacting a compound having a plurality of epoxy groups with
saturated fatty acid to synthesize a hydroxyl group-contain-
ing compound and reacting the hydroxyl group-containing
compound with a polymerizable compound having a group
reactive a hydroxyl group, such as an acrylic acid chloride.
[0208] A radically polymerizable compound, for example,
represented by Formula (PC2)-1 in which A'* and A'7 are
alkyl groups and A'? and A'® are methylene groups having
one carbon atom can be prepared by reacting a compound
having a plurality of oxetane groups with an oxetane group-
reactive compound, such as a fatty acid chloride or fatty acid
and further reacting the reaction product with a polymeriz-
able compound having active hydrogen, such as acrylic acid,
or by reacting a compound having one oxetane group with an
oxetane group-reactive polyvalent fatty acid chloride or fatty
acid and further reacting the reaction product with a polymer-
izable compound having active hydrogen, such as acrylic
acid.

[0209] A polymerizable compound represented by For-
mula (PC2)-1 in which A'? and A'® are alkylene groups hav-
ing three carbon atoms (propylene group: —CH,CH,CH,—)
can be prepared by using a compound having a plurality of
furan groups instead of the oxetane groups. A polymerizable
compound represented by Formula (PC2)-1 in which A'? and
A'® are alkylene groups having four carbon atoms (butylene
group: —CH,CH,CH,CH,—) can be prepared by using a
compound having a plurality of pyran groups instead of the
oxetane groups.

[0210] The polymerizable compound used in the ferroelec-
tric liquid crystal composition in the liquid crystal display
apparatus of the present invention is not limited to the above-
described achiral materials and may be a chiral material. The
photopolymerizable compound showing chirality can be, for
example, a polymerizable compound represented by Formula

(II-x) or (1I-y):

(1)

YB3—Z7R2—0C0—C=CH,

(ILy)

| |
H,C=C—C00—2Zz!0—y10 Y yB—712—0C0—C=CH,
2
nll
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[0211] In Formulae (II-x)and (I1-y), X represents a hydro-
gen atom or a methyl group. n'® represents an integer of 0 or
1, and n'! represents an integer of 0, 1, or 2. When n'!
represents 2, two or more T'*’s may be the same or different,
and two or more Y'*'s may be the same or different.

[0212] The 6-membered rings, T", T'2, T*?, and T**, each
represent a substituent having a 6-membered structure such
as a 1,4-phenylene group or a trans-1,4-cyclohexylene group.
The 6-membered rings T**, T*2, and T*? are not limited to
these substituents and may be any one of substituents having
the following structures:

L0
L0

)

(CHg)y,

The substituents may be the same or different. In the above-
mentioned substituents, m represents an integer of 1 to 4.
[0213] In Formula (II-y), T'° represents a trivalent cyclic
group such as a benzen-1,2,4-triyl group, a benzen-1,3,4-triyl
group, a benzen-1,3,5-triyl group, a cyclohexan-1,2,4-triyl
group, a cyclohexan-1,3,4-triyl group, or a cyclohexan-1,3,
S5-triyl group.

[0214] InFormulae (II-x)and (II-y), Y*,Y'2, and Y** each
independently represent a linear or branched alkylene group
having 1 to 10 carbon atoms, in which one CH, group or two
non-adjacent CH, groups of the alkylene group are each
optionally substituted with —O—, —S— —CO—O—, or
—0O—CO—, or each optionally contain a single bond,

—CH,CH,—, —CH,0—, —OCH,—, —COO—,
—0C0—, —C=C—, —CH=CH—, —CF=CF—,
—(CH,);—, —CH,CH,CH,0—, —OCH,CH,CH,—,

—CH=CHCH,CH,—, or —CH,CH,CH=CH—. Y, Y*?,
and Y'* each independently contain an asymmetric carbon
atom or not. That is, Y*! and Y** may be the same or different
as long as they have any structure described above.

[0215] Y'° and Y'? each represent a single bond, —O—,
—0CO—, or —COO—.

[0216] Z'' represents an alkylene group having 3 to 20
carbon atoms, containing an asymmetric carbon atom and
having a branched chain structure.

[0217] Z'2 represents an alkylene group having 1 to 20
carbon atoms and may contain an asymmetric carbon atom or
not.

[0218] A discotic liquid crystal compound represented by
the following Formula (PC1)-9 is also a preferred polymer-
izable compound.
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[Chem. 53]
(PCT)9
R, R
R7 R7
(PC1-¢)
(@]
I
—0—C R
Rgy Rs2

(where, R.’s each independently represent P,-Sp,-Q, or a
substituent represented by Formula (PC1-¢) (where, P}, Sp,,
and Q, are synonymous with those in Formula (PC1), Rg, and
R, each independently represent a hydrogen atom, a halogen
atom, or a methyl group, and R, represents an alkoxy group
having 1 to 20 carbon atoms, in which at least one hydrogen
atom of the alkoxy group is substituted with any of substitu-
ents represented by Formulae (R-1) to (R-15)).

[0219] The amount of such a polymerizable compound is
preferably 10% by mass or less, more preferably 5% by mass
or less, and most preferably 2% by mass or less.

<Ferroelectric Liquid Crystal Composition>

[0220] In order to obtain satisfactory orientation, a longer
pitch of the chiral nematic phase is preferred. It is preferable
to elongate the pitch by cancelling the pitch with a combina-
tion of chiral compounds having different chiral pitches as a
pitch canceller, an additive for cancelling a pitch. In such a
case, it is preferable to select chiral compounds having the
same sign not to cancel the spontaneous polarization, or it is
preferable to use a combination of chiral compounds having
high spontaneous polarization and low spontaneous polariza-
tion to obtain sufficient spontaneous polarization as a whole,
even if the signs of the spontaneous polarization. Alterna-
tively, itis preferable to select a chiral compound that can give
sufficiently high orientation even if such pitch cancelling is
not performed.

[0221] When the ferroelectric liquid crystal composition of
the present invention contains a polymerizable compound,
polymerization, such as radical polymerization, anionic poly-
merization, or cationic polymerization, can be performed. In
particular, radical polymerization is preferred.

[0222] As a radical polymerization initiator, a thermal
polymerization initiator or a photopolymerization initiator
canbe used. A photopolymerization initiator is preferred, and
preferred examples thereof include the following com-
pounds:

[0223] acetophenone compounds such as diethoxyac-
etophenone,  2-hydroxy-2-methyl-1-phenylpropan-1-one,
benzyldimethylketal, 1-(4-isopropylphenyl)-2-hydroxy-2-
methylpropan-1-one,  4-(2-hydroxyethoxy)phenyl-(2-hy-
droxy-2-propyl)ketone, 1-hydroxycyclohexyl-phenylketone,
2-methyl-2-morpholino(4-thiomethylphenyl)propan-1-one,
and 2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)-bu-
tanone;

[0224] benzoyl compounds such as benzoin, benzoin iso-
propyl ether, and benzoin isobutyl ether;
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[0225] acylphosphine oxides such as 2,4,6-trimethylben-
zoyl diphenylphosphine oxide;

[0226] benzyl and methylphenylglyoxy ester;

[0227] benzophenone compounds such as benzophenone,
methyl o-benzoyl benzoate, 4-phenyl-benzophenone, 4,4'-
dichlorobenzophenone, hydroxybenzophenone, 4-benzoyl-
4'-methyl-diphenyl sulfide, acrylated benzophenone, 3,3'4,
4'-tetra(t-butylperoxycarbonyl)benzophenone, and 3,3'-
dimethyl-4-methoxybenzophenone;

[0228] thioxanthone compounds such as 2-isopropylthiox-
anthone, 2.4-dimethylthioxanthone, 2,4-diethylthioxan-
thone, and 2,4-dichlorothioxanthone;

[0229] aminobenzophenone compounds such as Michler
ketone and 4,4'-diethylaminobenzophenone; and

[0230] 10-butyl-2-chloroacridone, 2-ethylanthraquinone,
9,10-phenanthrenequinone, and camphorquinone. Among
these compounds, benzyldimethylketal is most preferred.
[0231] Inthe presentinvention, in addition to the polymer-
izable liquid crystal compound (PC1), a multifunctional lig-
uid crystalline monomer can be used. Examples of the poly-
merizable functional group of the multifunctional liquid
crystalline monomer include an acryloyloxy group, a meth-
acryloyloxy group, an acrylamido group, a methacrylamido
group, an epoxy group, a vinyl group, a vinyloxy group, an
ethynyl group, a mercapto group, a maleimide group,
CICH—CHCONH—, CH,—CCl-—, CHCl=—CH—, and
RCH=—CHCOO—(where, R represents chlorine, fluorine, or
a hydrocarbon group having 1 to 18 carbon atoms). Among
these polymerizable functional groups, preferred are an acry-
loyloxy group, a methacryloyloxy group, an epoxy group, a
mercapto group, and a vinyloxy group, more preferred are a
methacryloyloxy group and an acryloyloxy group, and most
preferred is an acryloyloxy group.

[0232] The multifunctional liquid crystalline monomer has
a molecular structure comprising a liquid crystal skeleton
having two or more cyclic structures, a polymerizable func-
tional group, and preferably at least two, more preferably at
least three, flexible groups linking the liquid crystal skeleton
and the polymerizable functional group. Examples of the
flexible group include alkylene spacer groups represented by
—(CH,),— (where, n represents an integer) and siloxane
spacer groups represented by —(Si(CH;),—0),— (where, n
represents an integer). Among these spacer groups, alkylene
spacer groups are preferred. The linking site between the
flexible group and the liquid crystal skeleton or the polymer-
izable functional group may have a bond such as —O—,
—0OCO—, or —CO— for mediating the linkage.

[Chem. 54]
R301
0
0 0
302
Q R OMe
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[0233] 1Inorder to assist orientation of a liquid crystal com-
position (orientation adjuvant), nanoparticles, such as
organic particles, inorganic particles, or organic inorganic
hybrid particles, may be used. Examples of the organic par-
ticles include polymer particles such as polystyrene, polym-
ethyl metacrylate, polyhydroxy acrylate, and divinylbenzene.
Examples of the inorganic particles include oxides such as
barium titanate (BaTiO;), SiO,, TiO,, and Al,O, and metals
such as Au, Ag, Cu, and Pd. The organic particles and the
inorganic particles may be hybrid particles having surfaces
coated with other materials. The organic inorganic hybrid
particles may be inorganic particles having surfaces coated
with organic materials. If the organic material applied to the
surface of inorganic particles shows liquid crystalline prop-
erties, liquid crystal molecules around the particles are advan-
tageously easily oriented.

[0234] In addition, as necessary, for example, an antioxi-
dant, an ultraviolet absorber, an unreactive oligomer or inor-
ganic filler, an organic filler, a polymerization inhibitor, an
antifoaming agent, a leveling agent, a plasticizer, or a silane
coupling agent can be appropriately used. In addition, for
example, a biaxial compound such as discotic liquid crystal
and a trapping material for ionic and polar compounds can be
used.

[0235] When two polarizing plates are used, the viewing
angle and the contrast can be adjusted by controlling the
polarization axis of each polarizing plate.

[0236] The substrate surface supporting liquid crystal can
be provided with an oriented film. The oriented film can be a
general oriented film such as a polyimide film or a photo-
oriented film.

[0237] The oriented film is preferably a vertically oriented
film.
[0238] The oriented film is preferably a vertically oriented

polyimide film, and examples thereof include acid anhydrides
having a substituted long alkyl chain or alicyclic group,
polyamic acid prepared by reacting diamine having a substi-
tuted long alkyl chain or alicyclic group with an acid-dianhy-
dride, and polyimide prepared by dehydration and decycliza-
tion of the polyamic acid. A liquid crystal oriented film having
vertical orientation can be produced by forming a film of a
liquid crystal orienting agent composed of polyimide, polya-
mide, or polyamic acid having such a bulk group on a sub-
strate.

[0239] Examples of the acid anhydride include compounds
represented by Formulae (VII-al) to (VII-a3). Examples of
the diamine include compounds represented by Formulae
(VII-b1) to (VII-b3).

(VII-al)
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[0240] In Formulae (VII-al) to (VII-a3) and (VII-b1) to
(VII-b3), R*%, R3%2, R*%, and R*** each independently rep-
resent a linear or branched alkyl group having 1 to 30 carbon
atoms, a hydrogen atom, or a fluorine atom, in which one
—CH,— group or two or more non-adjacent —CH,—ofthe
alkyl group are each optionally substituted with —O—,
—8—, —NH—, —N(CH;)—, —CO—, —CO—0—,
—0—CO0—, —0—CO—0—, —S—CO—, —CO—5—,

VII-b1)
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[Cherm. 55]
(VII-b2)

R303

NH,
(VII-b3)

—0—S80,—, —SO0,—0—, —CH=—CH—, —C=C—, a
cyclopropylene group, or —Si(CH,;),—, and one or more
hydrogen atoms of the alkyl group are each optionally sub-
stituted with a fluorine atom, a chlorine atom, or a bromine
atom, a CN group;

[0241] Z73°, 7792, 7%, and 7% each independently rep-
resent —O—, —S—, —CO—, —CO—0—, —O0—CO—,
—0—CO—0—, —OCH,—, —CH,0—, —SCH,—,
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— CH,S—, —CF,0—, —OCF,—, —CF,S—, —SCF,—,
~ CH,CH,—, —CF,CH,—, —CH,CF,—, —CF,CF,—,
—CH—CH—, —(CF—CH—, —CH—CF—, —CF—CF—,
~(=C, ~CH—=CH CO- 0O, O CO—
CH—CH—, or a single bond;

[0242] A*°' and A*°2 each independently representa cyclic
group selected from a phenylene group, a cyclohexylene
group, a dioxolanediyl group, a cyclohexenylene group, a
bicyclo[2.2.2]octylene group, a piperidinediyl group, a naph-
thalenediy] group, a decahydronaphthalenediyl group, a tet-
rahydronaphthalenediyl group, and an indanediyl group. In
the phenylene group, the naphthalenediyl group, the tetrahy-
dronaphthalenediyl group, and the indanediyl group, one or
more —CH— groups in each ring are each optionally substi-
tuted with a nitrogen atom. In the cyclohexylene group, the
dioxolanediyl group, the cyclohexenylene group, the bicyclo
[2.2.2]octylene group, the piperidinediyl group, the decahy-
dronaphthalenediyl group, the tetrahydronaphthalenediyl
group, and the indanediyl group, one —CH,— group or two
non-adjacent —CH,— groups in each ring are each option-
ally substituted with —O— and/or —S—, and one or more
hydrogen atoms of the cyclic group are each optionally sub-
stituted with a fluorine atom, a chlorine atom, a bromine
atom, a CN group, a NO, group, or an alkyl, alkoxy, alkyl-
carbonyl, or alkoxycarbonyl group having 1 to 7 carbon
atoms in which one or more hydrogen atoms are each option-
ally substituted with a fluorine atom or a chlorine atom.

[0243] n*°* and n*°? each independently represent 0 or 1,
and n*%* represents an integer of 0 to 5.
[0244] In Formulae (VII-a2) to (VII-a3) and (VII-b2) to

(VII-b3), a—CH,— group of the steroid skeleton is option-
ally substituted with —O— and/or —S—, and the steroid
skeleton optionally contains one or more unsaturated bonds
(C=C) at arbitrary positions.

[0245] In a transverse electric field type liquid crystal dis-
play device applying an electric field in a transverse direction,
an oriented film containing a polyamic acid or polyimide
having a structure represented by Formula (VII-c1) or (VII-
c2)asaliquid crystal orienting agent has excellent afterimage
characteristics and can reduce light transmittance in a dark
state by unapplying an electric field and is therefore preferred.
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[0246] In Formula (VI-c1), R*"s each independently
represent an alkyl group having 1 to 6 carbon atoms;
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R'?*’s each independently represent an alkyl group having 1
to 6 carbon atoms, a halogen atom, a cyano group, a hydroxyl
group, or a carboxyl group;

n'2! represents an integer of 1 to 10;

n'?**’s each independently represent an integer of O to 4; and
the symbol “*” represents a bonding hand.

[0247] In Formula (VII-c2), R***’s each independently
represent an alkyl group having 1 to 6 carbon atoms;

R'**5 each independently represent an alkyl group having 1
to 6 carbon atoms, a halogen atom, a cyano group, a hydroxyl
group, or a carboxyl group;

n'?? represents an integer of 0 to 5;

n'?* represents an integer of 0 to 4;

n'* represents an integer of 0 to 3; and the symbo] “*”
represents a bonding hand.

[0248] A polyamic acid having both a structure represented
by Formula (VII-c1) and a structure represented by Formula
(V1I-c2) in at least a part of the molecule can be prepared by,
for example, reacting a tetracarboxylic dianhydride having a
structure represented by Formula (VII-cl) and a tetracar-
boxylic dianhydride having a structure represented by For-
mula (VII-c2) with a diamine or by reacting a diamine having
a structure represented by Formula (VII-c1) and a diamine
having a structure represented by Formula (VII-c2) with a
tetracarboxylic dianhydride.

[0249] Examples of the tetracarboxylic dianhydride having
a structure represented by Formula (VII-c1) or (VII-c2)
include compounds having phthalic anhydride groups as ben-
zene rings on both ends each having a bonding hand repre-
sented by symbol “*”.

[0250] Examples of the diamine having a structure repre-
sented by Formula (VII-c1) or (VII-c2) include compounds
having aniline groups as benzene rings on both ends each
having a bonding hand represented by symbol “*”.

[0251] Examples of the photo-oriented film include photo-
oriented films having a structure such as azobenzene, stil-
bene, c-hydrazono-f-keto ester, or coumarin and formed by
photoisomerization; photo-oriented films having a structure
such as azobenzene, stilbene, benzylidene phthalic diimide,
or cinnamoyl and formed by photogeometric isomerization;
photo-oriented films having a structure such as spiropyran or
spirooxazine and formed by photo-ring-opening or closing
reaction; photo-oriented films having a structure such as cin-
namoyl, chalcone, coumarin, or diphenylacetylene and
formed by photodimerization; photo-oriented films having a
structure such as soluble polyimide or cyclobutane polyimide
and formed by photolysis through light irradiation; and
photo-oriented films formed by light irradiation of polyimide
prepared through reaction of biphenyltetracarboxylic dianhy-
dride and diaminodiphenyl ether (BPDA/DPE).

[0252] The photo-oriented film can be produced by irradi-
ating a coating film containing a compound having a photo
orientation group with light having anisotropy to arrange the
photo orientation group and fixing the photo-oriented state.
[0253] When the compound having a photo orientation
group has a polymerizable group, the compound is preferably
polymerized after light irradiation for imparting liquid crystal
orienting capability. Polymerization may be either photopo-
lymerization or thermal polymerization. In photopolymeriza-
tion, a photopolymerization initiator is added to a photo ori-
enting agent, and photo irradiation photopolymerization is
performed by irradiation with, for example, light having dif-
ferent wavelengths after light irradiation. On the other hand,
in thermal polymerization, a thermal polymerization initiator
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is added to a photo orienting agent, and thermal polymeriza-
tion is performed by heating after light irradiation.

[0254] In order to fix the photo-oriented state of a photo-
oriented film, a photo-crosslinking polymer may be also used.
Examples of the photo-crosslinking polymer for the photo-
oriented film include the compounds described below:

[Chem. 57]
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(where, R*°* and R*°* each independently represent a linear
or branched alkyl group having 1 to 30 carbon atoms, a
hydrogen atom, or a fluorine atom, in which one —CH,—
group or two or more non-adjacent —CH,— group of the
alkyl group are each optionally substituted with —O—,
—S—, —NH—, —N(CH;)}—, —CO—, —CO—0—,
—0—CO0—, —0—CO—0—, —S—CO—, —CO—S—,
—0—S80,—, —S0,—0—, —CH=CH—, —C=C—, a
cyclopropylene group, or —Si(CH;),—, and one or more
hydrogen atoms of the alkyl group are each optionally sub-
stituted with a fluorine atom, a chlorine atom, a bromine
atom, or a CN group; the alkyl group optionally contains a
polymerizable group; the alkyl group optionally contains a
fused or spirocyclic system; and the alkyl group optionally
contains one or more aromatic or aliphatic rings optionally
containing one or more hetero atoms, in which each of the
rings is optionally substituted with an alkyl group, an alkoxy
group, or a halogen;

[0255] Z*°' and Z*°* each independently represent —O—,
—S—, —CO0—, —CO0—0—, —0—L0—, —0—CO—
00—, —CO—NR*»—, —NR»-CO—, —OCH,—,
—CH,0—, —SCH,—, —CH,S—, —CF,0—, —OCF,—,

~CF,S—, —SCF,, —CHCH,, —CF,CH,,
—CH,CF,—, —CF,CFy—, —CH—CH—, —CP—CH—,
~ CH—CF—, —CF—CF—, —C=C—, —CH—CH

CO—0—, —O0—CO—CH—CH—, or a single bond, in
which R* of —CO—N(R“)— or —N(R“)—CO— represents
ahydrogen atom or a linear or branched alkyl group having 1
to 4 carbon atoms;

[0256] AZ°' and A*°?each independently representa cyclic
group selected from a phenylene group, a cyclohexylene
group, a dioxolanediyl group, a cyclohexenylene group, a
bicyclo[2.2.2]octylene group, a piperidinediyl group, a naph-
thalenediyl group, a decahydronaphthalenediyl group, a tet-
rahydronaphthalenediyl group, and an indanediyl group. In
the phenylene group, the naphthalenediyl group, the tetrahy-
dronaphthalenediyl group, and the indanediyl group, one or
more —CH— groups in each ring are each optionally substi-
tuted with a nitrogen atom. In the cyclohexylene group, the
dioxolanediyl group, the cyclohexenylene group, the bicyclo
[2.2.2]octylene group, the piperidinediyl group, the decahy-
dronaphthalenediyl group, the tetrahydronaphthalenediyl
group, and the indanediyl group, one —CH,— group or two
non-adjacent —CH,— groups in each ring are each option-
ally substituted with —O— and/or —S—, and one or more
hydrogen atoms of the cyclic group are each optionally sub-
stituted with a fluorine atom, a chlorine atom, a bromine
atom, a CN group, a NO, group, or an alkyl, alkoxy, alkyl-
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carbonyl, or alkoxycarbonyl group having 1 to 7 carbon
atoms in which one or more hydrogen atoms are optionally
substituted with a fluorine atom or a chlorine atom.

[0257] n,,, and n,,, each independently represent an inte-
gerof 1 to 3;
[0258] P*°! and P> each independently represent a photo

orientation group such as cinnamoyl, coumarin, benzylidene
phthaldiimide, chalcone, azobenzene, ot stilbene; P*** repre-
sents a monovalent group; and P*°* represents a divalent
group.

[0259] More preferred examples of the compound include
compounds represented by Formula (VII-c) having a cin-
namoyl group, represented by Formula (VII-d) having a cou-
marin group, and represented by Formula (VIl-e) having a
benzylidene phthaldiimide group.
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[0260] In Formulae (VII-c), (VII-d), and (VII-e), defini-
tions of R?°*, R%%2, A%, A%02, 7201 7292 1, ., and n,, are
the same as in Formulae (VII-a) and (VII-b);

[0261] R2%, R*** R?°°, R*°% and R*"7 each independently
represent a halogen atom (F, CI, By, or I), a methyl group, a
methoxy group, —CF,;, —OCF,, a carboxy group, a sulfo
group, a nitro group, an amino group, or a hydroxy group;
[0262] 0% represents an integer of 0 to 4; n?* represents
an integer of 0 to 3; n*° represents an integer of 0 to 1; n>°°
represents an integer of 0 to 4; and n*°7 represents an integer
of Oto 5.

EXAMPLES

[0263] The present invention will now be specifically
described by examples, but is not limited to the following
examples. Note that “%” means “% by mass” unless other-
wise specified.
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[0264] The abbreviations and meanings of voltage-trans-
mittance characteristics of the liquid crystal display devices
shown in examples are as follows:

[Chem. 59]
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Vo value of voltage necessary for achieving a light trans-
mittance defined by (T, ,o=T,)x0.1+T,, when the light trans-
mittance (1) of a liquid crystal display device in a no-volt-
age-application state is defined as 0%, and the light
transmittance (T,,,) at which the light transmittance no
longer varies and is saturated by increasing the voltage
applied to the device is defined as 100%; and

V,,: value of voltage necessary for achieving a light trans-
mittance defined by (T, 5,-T;)x0.9+T,, when the light trans-
mittance (1) of a liquid crystal display device in a no-volt-
age-application state is defined as 0%, and the light
transmittance (T,,,) at which the light transmittance no
longer varies by increasing the voltage applied to the device is
defined as 100%.

[0265] In voltage-transmittance measurement, a cell was
placed between two polarizing plates in a cross Nicol state,
interdigitated array electrodes are disposed such that the
major axis forms an angle of 45° relative to the polarization
axis of the polarizing plate, and the change in quantity of
transmitted light was measured by applying a square-wave
voltage with a frequency of 60 Hz in a range of 0to 50V ,,_,.

Example 1

[0266] Two substrates each provided with a vertically ori-
ented film (polyimide vertically oriented film JALS 2096,
manufactured by JSR Corporation) were prepared such that
the vertically oriented film on the first substrate and the ver-
tically oriented film on the second substrate were antiparallel
to each other by rubbing as in parallel orientation, and inter-
digitated array electrodes (ITO transparent electrodes, dis-
tance between the electrodes: 12.5 pm, electrode width: 20
um) were disposed. The two substrates were faced with a cell
thickness (gap) of 4 um, and a ferroelectric liquid crystal
composition LC-1 shown below was injected therein by
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means of a capillary phenomenon by heating. After the injec-
tion, the liquid crystal cell was sealed to produce a liquid
crystal display device of Example 1.

32.5%

32.5%

> LC-1

20%

[0267] The ferroelectric liquid crystal composition LC-1
was ISO-N*-SmC* phase sequence, in which the phase tran-
sition temperature between the ISO and N* phases was 119°
C., the phase transition temperature between the N* and
SmC* phases was 86.5° C., and the width of the N* phase
temperature was 32.5° C. The helical pitch at a temperature
(88.5° C.) higher by 2° C. than the transition temperature
from N* to SmC* was 87 um. Slow cooling from a tempera-
ture of 90° C. showing the N* phase at a rate of 2° C./min
formed a completely dark field at 89° C. and caused phase
transition to SmC* in a vertical orientation. The dark field
state was maintained even at room temperature.

[0268] InExample 1,the aperture ratio, which was the ratio
of area between the interdigitated array electrodes through
which light passed, was 0.385. The retardation was measured
with REST-100 manufactured by Otsuka Electronics Co.,
Ltd. by a rotating photon detecting method.

[0269] Theretardation inthe electric field ON state was 140
nm, the retardation in the OFF state was 1.1 nm, the birefrin-
gence in the OFF state was 0.0003, the selective reflection in
the OFF state was 980 nm, and the helical pitch was about 0.6
um. When the cell thickness was 4 um, the helix turned at least
six times.

[0270] Observation with a polarizing microscope showed
that the complete dark field was maintained when the cell was
rotated, and any change was caused to give blackness equiva-
lent to that of an isotropic phase and that there was not
absence of light by an orientation defect.

[0271] The V-T characteristics measured were a minimum
transmittance T, of 0.03%, a maximum transmittance T, o, of
24%, a voltage V,, 0f 4.5V, and a voltage V,, 0f30.9 V.
[0272] In the structure of Example 1, V-T characteristics
were measured for a case of disposing the IPS electrodes on
one substrate only (single IPS)and a case of disposing the IPS
electrodes on both the pair of substrates (twin IPS). The
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results are shown in FIG. 5. The minimum transmittance T,
was 0.03%, the maximum transmittance T,,, was 24%, the
voltage V,, was 2.8 V, and the voltage V, was 24.6 V.
[0273] In both the single IPS and the twin IPS, the trans-
mittance could be modulated depending on the applied volt-
age. The completely dark field was maintained in the OFF
state, and high contrast was achieved by switching ON and
OFF.

Example 2

[0274] Two substrates each having a vertically oriented
film (polyimide vertically oriented film JALS 2096, manu-
factured by JSR Corporation) were prepared such that the
vertically oriented film on the first substrate and the vertically
oriented film on the second substrate were antiparallel to each
other by rubbing as in parallel orientation, and interdigitated
array electrodes (ITO transparent electrodes, distance
between the electrodes: 12.5 pm, electrode width: 20 pm)
were disposed. The two substrates were faced with a cell
thickness (gap) of 4 um, and a ferroelectric liquid crystal
composition LC-2 shown below was injected therein by
means of a capillary phenomenon by heating. After the injec-
tion, the liquid crystal cell was sealed to produce a liquid
crystal display device of Example 2.

[0275] That s, aliquid crystal display device was produced
as in Example 1 except that LC-2 was used, instead of LC-1,
as the ferroelectric liquid crystal composition.
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[0276] The ferroelectric liquid crystal composition LC-1
was ISO-N*-SmA-SmC* phase sequence, in which the phase
transition temperature between the ISO and N* phases was
112.5° C., the phase transition temperature between the N*
and SmA phases was 99.4° C., the phase transition tempera-
ture between the SmA and SmC* phases was 92.1° C. The
helical pitch at a temperature (101.4° C.) higher by 2° C. than
the transition temperature from N* to SmC* was 61 pm. Slow
cooling from a temperature of 106° C. showing the N* phase
at a rate of 2° C./min caused a modification in dark field at
about 101° C. and caused phase transition to SmA ina vertical
orientation. The dark field state was maintained even at room
temperature.

[0277] In Example 2, the aperture ratio was 0.385, and the
retardation was measured as in Example 1. The retardation in
the electric field ON state was 148 nm, the retardation in the
OFF state was 5.9 nm, the birefringence in the OFF state was
0.0015, the selective reflection in the OFF state was 1180 nm,
and the helical pitch was about 0.8 um. When the cell thick-
ness was 4 um, the helix turned at least five times.

[0278] Observation with a polarizing microscope showed
that the complete dark field was maintained when the cell was
rotated, and any change was caused to give blackness equiva-
lent to that of an isotropic phase and that there was not
absence of light by an orientation defect.

[0279] The V-T characteristics measured were a minimum
transmittance T, 0f 0.02%, a maximum transmittance T, ,, of
24%, a voltage V,, 0f 2.4V, and a voltage Vy, 0f 24.6 V.

a0\

35%

9%

LC-2
7.5%

3%

10.5%
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Example 3

[0280] Two substrates each having a vertically oriented
film (polyimide vertically oriented film JALS 2096, manu-
factured by JSR Corporation) were prepared such that the
vertically oriented film on the first substrate and the vertically
oriented film on the second substrate were antiparallel to each
other by rubbing as in parallel orientation, and interdigitated
array electrodes (ITO transparent electrodes, distance
between the electrodes: 12.5 pm, electrode width: 20 pm)
were disposed. The two substrates were faced with a cell
thickness (gap) of 14 pm, and a ferroelectric liquid crystal
composition LC-4 shown below was injected therein by
means of a capillary phenomenon by heating. After the injec-
tion, the liquid crystal cell was sealed to produce a liquid
crystal display device of Example 3.
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[0281] An orientation-free smectic A phase was obtained
from a nematic phase by slow cooling at a rate of 2° C./min
from a temperature higher by 3° C. than a phase transition
temperature (109° C.) to a smectic A phase. Furthermore,
phase transition (67° C.) from the smectic A phase to the
smectic C* phase was performed, and the temperature was
reduced to room temperature, followed by observation with a
polarizing microscope. A vertically oriented smectic C*
phase was observed as an orientation defect-free phase. The
selective reflection was 2850 nm. The produced cell was
placed between two polarizing plates in a cross Nicol state,
and the V-T characteristics were measured. The driving volt-
age V,, was 24 V, the minimum transmittance T, was 2.9%,
and the maximum transmittance T,,, was 59%. An optical
phase compensation film was inserted between the polarizing

~

[Chem. 61]
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plates in a cross Nicol state so as to be laminated with the
phase opposite to that of the liquid crystal cell, followed by
measurement of the V-T characteristics. In the V-T character-
istics, the driving voltage V,, was 25V, the minimum trans-
mittance T, was 0.2%, and the maximum transmittance T,
was 57%. The degree of polarization when linearly polarized
light passed through the liquid crystal cell was measured. The
ellipticity was 0.234, and the azimuth was 147°. Similarly, the
degree of polarization of the optical phase compensation film
was measured. The ellipticity was 0.245, and the azimuth was
3°. In addition, the degree of polarization of a laminate of the
liquid crystal cell and the optical phase compensation film
was measured. The ellipticity was reduced to 0.066, and the
azimuth was 179°, which approximated the center of symme-
try as a linear polarization axis of incident light to reduce the
minimum transmittance.

Comparative Example 1

[0282] Two substrates each having a vertically oriented
film (polyimide vertically oriented film JALS 2096, manu-
factured by JSR Corporation) were prepared without subject-
ing the vertically oriented films to rubbing treatment, and
interdigitated array electrodes (ITO transparent electrodes,
distance between the electrodes: 12.5 pm, electrode width: 20
pm) were disposed. The two substrates were faced with a cell
thickness (gap) of 4 um, and a ferroelectric liquid crystal
composition LC-1 was injected therein by means of a capil-
lary phenomenon by heating. After the injection, the liquid
crystal cell was sealed to produce a liquid crystal display
device of Comparative Example 1.

[0283] Thatis, aliquid crystal display device was produced
as in Example 1 except that a ferroelectric liquid crystal
composition was injected into a cell not provided with rub-
bing treatment.

=N

36.1% (32.5%)

36.1% (32.5%)

Oct. 23,2014

[0284] Observation with a polarizing microscope showed
that schlieren texture caused by C-director was observed and
that no complete dark field was obtained by the absence of
light due to scattering.

[0285] Measurement of the V-T characteristics showed that
the minimum transmittance T, was 0.8%, the maximum
transmittance T, was 23%, the voltage V, , was 2.9V, and the
voltage V,, was 27.8 V.

[0286] In Comparative Example 1, the minimum transmit-
tance T, was significantly high, compared to Examples
above.

Comparative Example 2

[0287] Two substrates each having a vertically oriented
film (polyimide vertically oriented film JALS 2096, manu-
factured by JSR Corporation) were prepared such that the
vertically oriented film on the first substrate and the vertically
oriented film on the second substrate were antiparallel to each
other by rubbing as in parallel orientation, and interdigitated
array electrodes (ITO transparent electrodes, distance
between the electrodes: 12.5 pm, electrode width: 20 pm)
were disposed. The two substrates were faced with a cell
thickness (gap) of 3.5 um, and a ferroelectric liquid crystal
composition LC-3 shown below was injected therein by
means of a capillary phenomenon by heating. After the injec-
tion, the liquid crystal cell was sealed to produce a liquid
crystal display device of Comparative Example 2.

[0288] Thatis, aliquid crystal display device was produced
as in Example 1 except that LC-3 was used, instead of LC-1,
as the ferroelectric liquid crystal composition. In the compo-
sition of the following L.C-3, the composition of the liquid
crystal compounds was the same as that of LC-1, as shown in
parentheses as the ratio of each component when the total
amount is defined as 90%, and the amount of the chiral dopant
contained in the composition was lower than that in Example
1.

[Chem. 62]
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-continued
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[0289] The ferroelectric liquid crystal composition LC-1
was [SO-N*-SmA-SmC* phase sequence, in which the phase
transition temperature between the ISO and N* phases was
85.5°C., the phase transition temperature between the N* and
SmA phases was 76.4° C., the phase transition temperature
between the SmA and SmC* phases was 60.3° C. The helical
pitch of chiral nematic liquid crystal at a temperature (87.5°
C.) higher by 2° C. than the transition temperature from N* to
SmC* was 127 um.

[0290] In Comparative Example 2, the aperture ratio was
0.385, the retardation in the electric field ON state was 116
nm, the retardation in the OFF state was 35 nm, the birefrin-
gence in the OFF state was 0.015, and the helical pitch of the
SmC* phase was 2.7 um. The selective reflection in the OFF
state was supposed to be about 4200 nm from the helical
pitch, though the detection limit of spectrometry is 2700 nm.
[0291] Observation with a polarizing microscope showed
that a completely dark field was formed when the rubbing
orientation direction corresponded to the polarization direc-
tion and that a bright field was formed by rotating the cell and
was brightest at a tilt of 45 degrees. That is, it was revealed
that liquid crystal was uniaxially oriented. This is caused by
loosening of the helix.

[0292] Measurement of the V-T characteristics showed that
the minimum transmittance T, was 1.5% (polarization direc-
tion), the maximum transmittance T,,, was 24%)(45°, the
voltage V|, was 6.5V, and the voltage Vo, was 35.4 V.
[0293] InComparative Example 2, the helical structure was
loosened even at the voltage-OFF state, and the transmittance
depended on the polarization direction of the light passing
therethrough. As aresult, formation of a dark field was uncer-
tain.

Comparative Example 3

[0294] The same cell as that in Example 3 was used. An
optical phase compensation film was inserted between the
polarizing plates in a cross Nicol state so as to be laminated
with the phase coordinate to that of the liquid crystal cell,
followed by measurement of the V-T characteristics. In the
V-T characteristics, the driving voltage Vg, was 24 V, the
minimum transmittance T, was 9.5%, and the maximum
transmittance T, 5, was 56%. The degree of polarization when
linearly polarized light passed through the liquid crystal cell
was measured. The ellipticity was 0.234, and the azimuth was
174°. Similarly, the degree of polarization of the optical phase
compensation film was measured. The ellipticity was 0.245,

?’ 1C-3

/

and the azimuth was 176°. In addition, the degree of polar-
ization of a laminate of the liquid crystal cell and the optical
phase compensation film was measured. The ellipticity was
increased to 0.515, and the azimuth was 157°, which deviated
from the center of symmetry as a linear polarization axis of
incident light to increase the minimum transmittance.

REFERENCE SIGNS LIST

[0295] 10, 20 substrate

[0296] 11, 21 transparent base material

[0297] 12, 22 vertically oriented film

[0298] 13, 23 orientation direction of pretilt
[0299] 24 electrode structure

[0300] 31 liquid crystal composition layer

[0301] 32 liquid crystal molecule

[0302] 33 circular refractive index distribution
[0303] 34 elliptical distribution of refractive index

1. A liquid crystal display device comprising:

a first substrate provided with an oriented film and a second
substrate provided with an oriented film between two
polarizing plates of which the planes of polarization are
orthogonal to each other; and

a ferroelectric liquid crystal composition layer having a
chiral smectic C-phase between the first and the second
substrates, wherein

at least one of the vertically oriented films of the first
substrate and the second substrate is provided with ori-
entation treatment capable of forming a pretilt angle ina
certain direction;

the ferroelectric liquid crystal composition layer in which
the C-director of the liquid crystal molecule is oriented
in the certain direction at a portion being in contact with
the substrate having the vertically oriented film provided
with the orientation treatment;

the director of liquid crystal is twisted by at least 180°
between the first substrate and the second substrate;

a substrate surface of at least one of the first substrate and
the second substrate is provided with a pair of electrode
structures generating electric fields approximately par-
allel to each other; and

the light transmittance is modulated by varying the bire-
fringence of the ferroelectric liquid crystal composition
layer with the electric fields generated by the electrode
structures.



US 2014/0313468 Al

2. The liquid crystal display device according to claim 1,
wherein retardation is varied by the electric field within a
range of 0 to 330 nm.

3. The liquid crystal display device according to claim 1,
wherein the helical axis of the chiral smectic C-phase is
vertical to the substrate surface; and the selective reflection
induced depending on the helical pitch is within 700 to 3000
nm.
4. The liquid crystal display device according to claim 1,
wherein the birefringence is 0.007 or less at an electric field of
Zero.

5. The liquid crystal display device according to claim 1,
wherein the ferroelectric liquid crystal composition has phase
sequence at least composed of an isotropic phase, a chiral
nematic phase, a smectic A phase, and a chiral smectic
C-phase from the high temperature side, or has phase
sequence at least composed of an isotropic phase, a chiral
nematic phase, and a chiral smectic C-phase from the high
temperature side.

6. The liquid crystal display device according to claim 1,
wherein in the phase sequence of the ferroelectric liquid
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crystal composition, the helical pitch of the chiral nematic
phase is 50 um or more at a temperature of phase transition
from the chiral nematic phase to the smectic A phase or the
chiral smectic C-phase during a decrease in temperature or at
a temperature higher than the lower limit temperature of the
chiral nematic phase by 2° C.

7. The liquid crystal display device according to claim 1,
the device further comprising an optical phase compensation
film.

8. The liquid crystal display device according to claim 1,
the device further comprising an optical phase compensation
film, wherein

when the polarization axis of linearly polarized light hav-

ing the same ellipticity as that of the elliptically polar-
ized light emitted from the liquid crystal layer and enter-
ing the liquid crystal layer is defined as a center of
symmetry, the optical phase compensation film shows
an opposite phase symmetrical relative to the azimuth of
elliptically polarized light emitted from the liquid crys-
tal layer.
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