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(57) ABSTRACT

Provided is a liquid crystal display apparatus including: a pair
of substrates (SUB1 and SUB2); a medium (L.C) which is
sandwiched between the pair of substrates, is optically iso-
tropic when no voltage is applied thereto, and exhibits optical
anisotropy when a voltage is applied thereto; a pixel electrode
(PX) and a common electrode (CT) which are formed on one
of the pair of substrates , at least one of the pixel electrode and
the common electrode being formed into a comb tooth shape;
and a horizontal orientation film (AL) which is subjected to
orientation treatment so as to orient the medium in a direction
horizontal to the pair of substrates , and is formed on an
interface of at least one of the pair of substrates with the
medium, in which the medium has a selective reflection peak
derived from a (110) plane at 400 nm or less.
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LIQUID CRYSTAL DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2009-217827 filed on Sep. 18, 2009, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play apparatus that uses a medium exhibiting optical isotropy
when no voltage is applied thereto.

[0004] 2. Description of the Related Art

[0005] Owing to the progress in the manufacturing technol-
ogy of the liquid crystal panel in recent years, a liquid crystal
display apparatus is gaining popularity as a display for a
television set, of which mainstream has heretofore been a
cathode-ray tube. For example, the in-plane switching (lateral
electric field) display mode (hereinafter, referred to as the IPS
mode) and the vertical alignment display mode (hereinafter,
referred to as the VA mode) are known as modes for improv-
ing a contrast and viewing angle characteristics of a liquid
crystal display element. These modes enable the viewing
angle and the contrast to be improved to a greater extent than
the twisted nematic (TN) mode.

[0006] However, in the IPS and VA modes, a liquid crystal
layer is an optically uniaxial medium, and accordingly, trans-
mittance thereof depends on the viewing angle. Further, as
described in “Physical Properties of Liquid Crystalline Mate-
rials”, pp. 90-94, written by W. H. de Jeu, translated by ISHII
Chikara and KOBAYASHI Shunsuke, a nematic liquid crystal
material exhibits light scattering resulting from thermal fluc-
tuation of molecules thereof. Transmittance in black display
is increased owing to this light scattering, and accordingly,
lowering of the contrast is theoretically inevitable in IPS and
VA liquid crystal display apparatuses according to the nor-
mally black mode of displaying black when no voltage is
applied thereto. Such problems as the optical anisotropy and
the light scattering are problems intrinsic to the liquid crystal
display apparatus using the nematic liquid crystal material.
Meanwhile, these liquid crystal display apparatuses have a
problem of being inferior to the cathode-ray tube in moving
picture quality. It is known that such inferiority is caused by
slowness of an electro-optical response of the above-men-
tioned nematic liquid crystal material for use in the liquid
crystal display apparatuses, and it is desired that a nematic
liquid crystal material capable of the electro-optical response
at high speed be developed.

[0007] As a display mode that solves the above-mentioned
problems, in recent years, a display mode has been proposed,
which uses liquid crystal having optical isotropy (hereinafter,
referred to as isotropic liquid crystal or optically isotropic
liquid crystal) (Japanese Patent Application Laid-open No.
2005-336477, and KIKUCHI Hirotsugu, Advanced Materi-
als, Vol. 17, pp. 96-98, 2005). In this isotropic liquid crystal,
orientation of the liquid crystal molecules is optically isotro-
pic when no voltage is applied thereto, and accordingly, it is
said that orientation films and orientation treatment, which
have been required for the existing liquid crystal display
apparatus using the nematic liquid crystal material, are gen-
erally unnecessary. Further, this isotropic liquid crystal has
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property that optically uniaxial anisotropy is induced in a
voltage application direction only when a voltage is applied
thereto, and has a feature that, in a state where no voltage is
applied thereto, such optical anisotropy as in the nematic
liquid crystal material does not exist, and the light scattering
does not occur. As the isotropic liquid crystal as described
above, there are known liquid crystal of a smectic blue phase
or of a cubic phase, as well as liquid crystal of a cholesteric
blue phase as described in Harry J. Coles, Nature, Vol. 436,
pp. 997-1000, 2005. According to KIKUCHI Hirotsugu,
Advanced Materials, Vol. 17, pp. 96-98, 2005, it is argued
that, among them, such a liquid crystal material in which the
cholesteric blue phase is polymer-stabilized makes the elec-
tro-optical response at higher speed than the nematic liquid
crystal material.

[0008] According to with Japanese Patent Application
Laid-open No. 2005-336477 and KIKUCHI Hirotsugu,
Advanced Materials, Vol. 17, pp. 96-98, 2005, a liquid crystal
display apparatus using the isotropic liquid crystal as
described above is composed by using, similarly to the IPS
mode, a comb tooth electrode for applying an in-plane elec-
tric field (hereinafter, a lateral electric field) to substrates, and
by sandwiching the polymer-stabilized blue phase liquid
crystal material between the substrates.

[0009] In each of these liquid crystal display apparatuses,
the orientation films and the orientation treatment are unnec-
essary as mentioned above. Meanwhile, as disclosed in Japa-
nese Patent Application Laid-open Nos. 2005-227759 and
2005-215339, a liquid crystal display apparatus, which is
coated with the orientation films and subjected to orientation
treatment for the purpose of improving the contrast, has also
been proposed.

SUMMARY OF THE INVENTION

[0010] The inventor of the present invention fabricated and
evaluated a liquid crystal display apparatus based on Japanese
Patent Application Laid-open No. 2005-336477 and KIKU-
CHI Hirotsugu, Advanced Materials, Vol. 17, pp. 96-98, 2005
and a liquid crystal display apparatus based on Japanese
Patent Application Laid-open Nos. 2005-227759 and 2005-
215339. As a result, the inventor has newly found an effect
that the electro-optical response is accelerated in the liquid
crystal display apparatus, in which the orientation films are
coated on the substrates, and the optically isotropic liquid
crystal material subjected to the orientation treatment is used.
[0011] However, in the case where the liquid crystal display
apparatus using the optically isotropic liquid crystal material
(blue phase liquid crystal material in particular) is coated with
the orientation films and subjected to the orientation treat-
ment, unevenness in color sometimes occurs when the liquid
crystal display apparatus is allowed to display black in a state
where no voltage is applied thereto. To be specific, such
unevenness in color is prone to occur on the peripheries of a
seal and spacers, and the like.

[0012] It is an object of the present invention to improve
display characteristics in a display region while further accel-
erating the electro-optical response in the liquid crystal dis-
play apparatus using the optically isotropic liquid crystal
material.

[0013] (1) A liquid crystal display apparatus according to
the present invention includes: a pair of substrates; a medium
which is sandwiched between the pair of substrates, is opti-
cally isotropic when no voltage is applied thereto, and exhib-
its optical anisotropy when a voltage is applied thereto; a
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pixel electrode and a common electrode which are formed on
one of the pair of substrates, at least one of the pixel electrode
and the common electrode being formed into a comb tooth
shape; and a horizontal orientation film which is subjected to
orientation treatment so as to orient the medium in a direction
horizontal to the pair of substrates, and is formed on an
interface of at least one of the pair of substrates with the
medium, and the medium has a selective reflection peak
derived from a (110) plane at 400 nm or less.

[0014] (2) The liquid crystal display apparatus according to
(1), wherein the horizontal orientation film is subjected to the
orientation treatment by photo-orientation.

[0015] (3) The liquid crystal display apparatus according to
(1), wherein the horizontal orientation film is subjected to the
orientation treatment by rubbing treatment.

[0016] (4) The liquid crystal display apparatus according to
(1), wherein the horizontal orientation films are formed on the
interfaces of both of the pair of substrates with the medium,
and wherein a direction in which the medium is oriented by
the horizontal orientation film formed on one of the pair of
substrates and a direction in which the medium is oriented by
the horizontal orientation film formed on another of the pair
of substrates are parallel to each other.

[0017] (5) The liquid crystal display apparatus according to
(1), wherein the pixel electrode and the common electrode
generate, in the medium, a lateral electric field in a predeter-
mined direction in-plane horizontal to the pair of substrates,
and wherein a direction in which the medium is oriented by
the horizontal orientation film and the predetermined direc-
tion in which the lateral electric field is generated make an
angle smaller than 45 degrees.

[0018] (6) The liquid crystal display apparatus according to
(1), wherein the pixel electrode and the common electrode
generate, in the medium, a lateral electric field in a predeter-
mined direction in-plane horizontal to the pair of substrates,
and wherein a direction in which the medium is oriented by
the horizontal orientation film and the predetermined direc-
tion in which the lateral electric field is generated make an
angle smaller than 10 degrees.

[0019] (7) The liquid crystal display apparatus according to
(1), wherein the medium comprises blue phase liquid crystal
that exhibits a blue phase in a display temperature range.

[0020] According to the present invention, in the liquid
crystal display apparatus using the optically isotropic liquid
crystal, the display characteristics in the liquid crystal display
panel can be improved while further accelerating the electro-
optical response. Objects, configurations, and effects other
than those described above become obvious from the follow-
ing description of embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] In the accompanying drawings:

[0022] FIG. 1 is a view illustrating a planar structure of a
pixel of a liquid crystal display apparatus in each of Examples
1 to 3 and Comparative Examples 1 to 3;

[0023] FIG. 2 is a cross-sectional view illustrating a pixel
structure of the liquid crystal display apparatus in each of
Examples 1 to 3 and Comparative Examples 1 to 3;

[0024] FIG.3is a graph illustrating a reflection spectrum of
ablue phase liquid crystal material for use in theliquid crystal
display apparatus in Example 1;

Mar. 24, 2011

[0025] FIG. 4 is a graph in which response times in the
liquid crystal display apparatuses according to Example 1 and
Comparative Examples 1 and 2 are compared with one
another;

[0026] FIG. 5 is a graph illustrating reflection spectra of a
blue phase liquid crystal material for use in the liquid crystal
display apparatus according to Comparative Example 3;
[0027] FIG. 6 is a microscope photograph showing an ori-
entation state of liquid crystal of a pixel portion in the liquid
crystal display apparatus according to Comparative Example

[0028] FIG. 7 is a microscope photograph showing an ori-
entation state of liquid crystal in a vicinity of a sealing agent
in the liquid crystal display apparatus according to Compara-
tive Example 3;

[0029] FIG. 8 is a microscope photograph showing an ori-
entation state of liquid crystal in a vicinity of a sealing agent
in the liquid crystal display apparatus in Example 1;

[0030] FIG. 9is a graph illustrating a relationship between
a drive voltage in the liquid crystal display apparatus in
Example 3 and an angle 8 made by a liquid crystal orientation
direction and an electric line of force;

[0031] FIG. 10 s a cross-sectional view illustrating a pixel
structure of a liquid crystal display apparatus according to
Example 4; and

[0032] FIG. 11 is a view illustrating a planar structure of a
pixel of a liquid crystal display apparatus according to
Example 5.

DETAILED DESCRIPTION OF THE INVENTION

[0033] A liquid crystal display apparatus according to an
embodiment of the present invention includes: a pair of sub-
strates; a medium which is sandwiched between the pair of
substrates, is optically isotropic when no voltage is applied
thereto, and exhibits optical anisotropy when a voltage is
applied thereto; a pixel electrode and a common electrode
which are formed on one of the pair of substrates, at least one
ofthe pixel electrode and the common electrode being formed
into a comb tooth shape; and a horizontal orientation film
which is subjected to orientation treatment so as to orient the
medium in a direction horizontal to the pair of substrates, and
is formed on an interface of at least one of the pair of sub-
strates with the medium, and the medium has a selective
reflection peak derived from a (110) plane at 400 nm or less.
[0034] Here, a drive principle of the liquid crystal display
apparatus according to this embodiment is to generate an
electric field between the pixel electrode and the common
electrode, which are arranged on the one of the substrates
sandwiching the optically isotropic medium, in particular,
isotropic liquid crystal, and to control optical characteristics
of such isotropic liquid crystal layer by changing intensity of
the electric field. The isotropic liquid crystal has a feature of
being optically isotropic when no voltage is applied thereto
and inducing birefringence in a voltage application direction
by being applied with a voltage. Therefore, the liquid crystal
display apparatus according to this embodiment is normally
black.

[0035] Owing to this property, in order to control transmit-
tance of the isotropic liquid crystal, it is necessary to arrange
upper and lower polarization plates in a crossed Nicols rela-
tionship, and to apply an electric field in an in-plane direction
(lateral direction) of a liquid crystal panel. Hence, in the
liquid crystal panel using the isotropic liquid crystal, an elec-
trode structure of the IPS mode is basically suitable. Specifi-
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cally, an electrode structure is basically suitable, in which
both of the pixel electrode and the common electrode are
arranged on one substrate, and at least one of the pixel elec-
trode and the common electrode is formed into a comb tooth
shape.

[0036] In the liquid crystal panel using the isotropic liquid
crystal, the electrode structure of the IPS mode is basically
suitable. However, any structure may be adopted as long as a
component of an electric line of force (electric field) parallel
1o a substrate surface is generated between the electrodes or
on the electrodes. For example, such a configuration maybe
adopted, in which the pixel electrode and the common elec-
trode are formed on the pair of substrates, respectively, and an
oblique electric line of force is generated between the sub-
strates.

[0037] Further, the horizontal orientation film of the liquid
crystal display apparatus according to this embodiment may
be any orientation film for use in a general liquid crystal
display apparatus of the IPS mode, and a material thereof is
not limited as long as the orientation film has a low pre-tilt
angle.

[0038] Further, for the liquid crystal display apparatus
according to this embodiment, a blue phase liquid crystal
material serving as the isotropic liquid crystal is used, in
which a selective reflection is present at 400 nm or less, and is
not present at a wavelength larger than 400 nm. Therefore, a
peak of a reflection spectrum that is observed at the longest
wavelength and derived from the (110) plane is located in the
ultraviolet region. Further, the orientation of the blue phase
liquid crystal material is aligned by using the horizontal ori-
entation film. In such a way, in the pixel region where the
orientation is likely to be aligned, the peak of the reflection
spectrum by the (110) plane appears substantially uniformly.
However, in the regions near the seal, the spacers and the like,
where the orientation is prone to be disturbed, peaks of reflec-
tion spectra by the (110) plane and the (200) plane appear, and
mosaic-like (platelet-like) unevenness in color is prone to
occur. In the liquid crystal display apparatus of this embodi-
ment, the selective reflection derived from the (110) plane is
present at 400 nm or less, and accordingly, the occurrence of
unevenness in color is suppressed. Further, the horizontal
orientation film is formed, whereby a response time from a
voltage application state to a voltage non-application state is
reduced, and moving picture quality of the liquid crystal
display apparatus is enhanced.

[0039] Further, in the liquid crystal display apparatus
according to this embodiment, the horizontal orientation film
formed on the substrate is subjected to the orientation treat-
ment by photo-orientation. A photo-orientation film and a
non-contact orientation method by the photo-orientation
method are used, whereby a good orientation state can be
realized without being affected by a scratch, step or irregu-
larities of the surface of the orientation film. Accordingly, also
in the pixel region, the mosaic-like unevenness in color by the
peaks of the reflection spectra from the (110) plane and the
(200) plane becomes far less likely to occur.

[0040] Alternatively, the horizontal orientation film formed
onthe substrate may be subjected to the orientation treatment
by rubbing treatment. An orientation method by the rubbing
method is used, whereby the good orientation state can be
realized even on a wide area. Accordingly, in the pixel region,
the mosaic-like unevenness in color by the (110) plane and the
(200) plane becomes less likely to occur.

Mar. 24, 2011

[0041] Further, in the liquid crystal display apparatus
according to this embodiment, in the case where the horizon-
tal orientation films are formed on the interfaces of both of the
pair of substrates with a medium as the optically isotropic
liquid crystal material, a direction in which the liquid crystal
is oriented by the horizontal orientation film formed on one of
the pair of substrates and a direction in which the liquid
crystal is oriented by the horizontal orientation film formed
on the other of the pair of substrates may be made parallel to
each other. With such a configuration, in the case of using the
isotropic liquid crystal, in particular, the blue phase liquid
crystal material, the mosaic-like unevenness in color by the
(110) plane and the (200) plane becomes less likely to occur
in the pixel region.

[0042] Further, in the liquid crystal display apparatus
according to this embodiment, it is desired that an angle e
made by the direction in which the liquid crystal is oriented by
the horizontal orientation film and a direction in which the
lateral electric field is generated by the pixel electrode and the
common electrode (direction in which the electric line of
force parallel to the substrate surface is generated) satisfy
-45°=0=45°. 1t is further preferred to set the angle 0 as:
-10°=0=10°

[0043] A drive voltage for driving the blue phase liquid
crystal material sandwiched in the liquid crystal display appa-
ratus has dependency on the angle e made by the direction of
the electric field applied to the blue phase liquid crystal mate-
rial serving as the isotropic liquid crystal and the orientation
direction (rubbing direction) of the orientation film in the
liquid crystal display apparatus in which the blue phase liquid
crystal material is sandwiched. As the angle e becomes
smaller, the drive voltage becomes lower. Hence, the drive
voltage is lowered by adopting such a condition.

[0044] Further, the liquid crystal display apparatus accord-
ing to this embodiment uses the medium that exhibits the blue
phase in a display temperature range. In such a way, the
response of the liquid crystal display apparatus can be accel-
erated effectively. It should be understood that it is possible to
appropriately alter the present invention without departing
from the technical idea in the embodiment described above
and exanples to be described below.

[0045] A specific description is made below of examples of
the liquid crystal display apparatus according to the present
invention.

[Example 1]

[0046] FIGS. 1 and 2 are views illustrating a device struc-
ture of a liquid crystal display apparatus in Example 1.
[0047] FIG. 1 is a view schematically illustrating a struc-
ture of a pixel. A video signal of a video signal line DL is
supplied to a pixel electrode PX through a thin film transistor
TFT controlled by a gate signal line GL. An electric field is
formed between the pixel electrode PX and a commion elec-
trode CT to drive an isotropic liquid crystal layer LC, to
thereby perform display.

[0048] FIG. 2 illustrates a cross-sectional view taken along
the line A-A of FIG. 1. A black matrix BM is arranged on an
upper substrate SUB2 including a color filter CFR, a color
filter CFG, and a color filter CFB (hereinafter, these filters are
referred to as color filters CF), to thereby preventunnecessary
light leakage. Further, with regard to the color filters CF, in
order to emit light of different colors from pixels adjacent to
one another in a direction in which the gate signal line GL is
extended, the color filters of mutually different colors are
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adjacent to one another in the direction concerned. An over-
coat film OC for planarization is coated on the color filters CF
and the black matrix BM.

[0049] Meanwhile, in each of the pixels, a lower substrate
SUBT includes the common electrode CT and the pixel elec-
trode PX, which are formed into comb tooth shapes. An
insulating film GI is provided between the common electrode
CT and the pixel electrode PX, and the video signal line DL is
provided so as to correspond to a space between the common
electrodes CT of the pixels adjacent to each other. Further, a
protection film PAS is provided on the video signal line con-
cerned, and the pixel electrode PX is arranged on the protec-
tion film PAS. Each ofthe common electrode CT and the pixel
electrode PX is formed, for example, of such a transparent
electrode made of indium tin oxide (ITO), or of such a metal
electrode made of aluminum or a chromium alloy. Further, an
orientation film AL is formed on the pixel electrode PX. In
this embodiment, the orientation film AL is formed on an
interface of the substrate SUB1 with the optically isotropic
liquid crystal layer LC. In FIG. 2, the common electrode CT
and the pixel electrode PX are formed in layers different from
each other. However, it is also possible to form the common
electrode CT and the pixel electrode PX in the same layer, for
example, by forming a through hole that penetrates the insu-
lating film GI and the protection film PAS.

[0050] Further, a pair of the substrates SUB1 and SUB2
include polarization plates PL1 and PL2, respectively, and
transmission axes PT1 and PT2 of the polarization plates PL1
and PL2 are arranged so as to have a crossed Nicols relation-
ship therebetween. At this time, the polarization plates PL1
and PL2 are arranged so that the transmission axis PT1 and
the transmission axis PT2 can be orthogonal to each other as
illustrated in FIG. 1 for an electric line of force EFL formed
between the common electrode CT and the pixel electrode PX
when a potential is generated in the pixel electrode PX. Spe-
cifically, in this example, the transmission axes PT1 and PT2
are provided so as to be inclined at 45 degrees with respect to
the pixels arranged in matrix. The pixel electrode PX and the
common electrode CT, which are formed into the comb tooth
shapes, are formed so that a direction of the comb teeth can
extend parallel to the video signal line DL, with the result that
a lateral electric field generated by the pixel electrode PX and
the common electrode CT is applied in a direction perpen-
dicular to the comb teeth.

[0051] With such a configuration, during no application of
a voltage, black display is made because the isotropic liquid
crystal layer is isotropic. Meanwhile, during application of
the voltage, white display is made because birefringence in a
voltage application direction is induced in parallel to a panel
surface, between the common electrode CT and the pixel
electrode PX and on the common electrode.

[0052] Note that, in this example, with regard to the struc-
tures of the electrodes formed on a glass substrate, as illus-
trated in FIG. 1, both of the pixel electrode PX and the
common electrode CT have the comb tooth shapes when
observed from above a substrate surface. In FIG. 2, a film
thickness of any one of the common electrode CT and the
pixel electrode PX may be thicker than the other thereof.
Alternatively, any one of those electrodes may be formed into
a tabular shape.

[0053] Subsequently, a description is made of a manufac-
turing method for the liquid crystal display apparatus accord-
ing to this example. However, the manufacturing method
does not relate greatly to the present invention, and accord-
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ingly, specific details of the manufacturing method are omit-
ted, and schematic procedure and configuration thereof are
described.

[0054] First, the thin film transistor TFT and wiring elec-
trodes SL and GL were formed on the substrate SUB1 as one
of the pair of substrates.

[0055] In a display region of the pixel, on the substrate
SUBL, the common electrode CT was formed as a transparent
conductive layer made of indium tin oxide (ITO) into the
comb tooth shape. On the common electrode CT, the insulat-
ing film GI made of silicon nitride or an organic material was
further formed. In this example, film thicknesses of the com-
mon electrode CT formed of ITO into the comb tooth shape
and of the insulating film GI were set at 77 nm and 500 nm,
respectively.

[0056] Next, as illustrated in FIG. 2, on the insulating film
GI. the electrode PX with the comb tooth shape was formed as
an ITO electrode layer with a film thickness of 77 nm. At this
time, widths of the pixel electrode PX and the common elec-
trode CT were each set at 5.0 um, and a distance therebetween
was set at 5.0 um.

[0057] On the other substrate SUB2, the black matrix BM
and the color filters CF were formed, and the overcoat layer
OC was thereafter coated and fired thereon.

[0058] Further, on the interface of the substrate SUB1 with
the optically isotropic liquid crystal layer LC, horizontally
oriented polyamic acid varnish (AL16470 manufactured by
ISR Corporation) for orientation films was coated by print-
ing, followed by firing at 200° C., to thereby form the orien-
tation film AL. For the orientation film in this case, a polyim-
ide material is preferred, and any one of the following types
may be used, which are: an orientation film material of a type
called a polyamic acid type, from which a polyimide film is
obtained in such a manner that the material concerned is
heated and fired after being coated on the substrate; and an
orientation film material of a type called a soluble polyimide
type, which does not require performing the heating and the
firing after the material concerned is coated on the substrate.
Anyone of both described above may be used as long as the
orientation film can be formed, which can horizontally orient
a general nematic liquid crystal material with a low pre-tilt
angle.

[0059] Further, the orientation film AL was subjected to
rubbing treatment in a direction of 30 degrees with respect to
a direction in which the electric line of force (lateral electric
field) is generated. Orientation treatment at this time is not
particularly limited as long as the nematic liquid crystal can
be oriented horizontally.

[0060] Among those two substrates, on a peripheral portion
of the substrate SUB1 on which the electrodes were formed,
a sealing agent was formed. Onto a portion inside the sealing
agent, in which the pixels were formed, the liquid crystal
material was dropped, and then the substrate SUB2 on which
the color filters CF were formed was stacked so as to be
opposed thereto. At this time, a thickness (gap) of the liquid
crystal layer LC as an optically isotropic medium was
adjusted to be approximately 25.0 um in a sealed state by
spacers formed on the substrate SUB2. For this gap, the value
thereof is not limited to the above because the optimal value
just needs to be selected based on characteristics of the liquid
crystal material and desired display characteristics.

[0061] Thereafter, a temperature was set so that the dropped
liquid crystal material could turn to the blue phase in the
entirety of the display region, and then, by using a high-
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pressure mercury-vapor lamp, an ultraviolet ray with a wave-
length of 365 nm was applied in-plane uniformly from a back
surface of the substrate SUB1 including such comb teeth-like
pixel electrode PX and common electrode CT so that energy
to be given thereto could become 1,800 mJ. The set tempera-
ture at this time was approximately 21.2° C.

[0062] For the liquid crystal material used here, such a
liquid crystal material was selected, in which, among selec-
tive reflections of the blue phase, a reflection that was derived
from the (110) plane and appeared at the longest wavelength
could become 400 nm or less. In this example, KIKUCHI
Hirotsugu, IDW/AD 05, pp. 21-24, 2005 was referred to, and
the material described in p. 24 was prepared and used. Ratios
of components of this material were set as: 37.2 mol % for
JC1041-XX (manufactured by Chisso Corporation); 37.2
mol % for 5SCB (manufactured by Sigma-Aldrich Corpora-
tion); 5.6 mol % for Z1.14572 (manufactured by Merck & Co.,
Inc.); and 20 mol % for CB15 (manufactured by DKSH
Management [td.). Further, a liquid crystal monomer RM257
and an acrylic monomer EHA were added by amounts
described in the document concerned.

[0063] Note that, according to KIKUCHI Hirotsugu, IDW/
AD 05, pp. 21-24, 2003, the selective reflections of the blue
phase depend on an amount of a chiral agent contained in the
liquid crystal, and are reduced in wavelength as the amount of
the chiral agent is larger. From this fact, in this example, 5.6
mol % of ZLI572 (manufactured by Merck & Co., Inc.) and
20 mol % of CB15 (manufactured by DKSH Management
Ltd.) were contained as such chiral agents. However, the
chiral agents may be added more than in this example as long
as the chiral agents are not precipitated at low temperature
and the selective reflection that appears at the longest wave-
length is 400 nm or less. Further, the chiral agents are not
limited to ZLI4572 and CB15 as long as both of chiral power
(HTP) and solubility are large.

[0064] Here, FIG. 3 illustrates a reflection spectrum of the
above-mentioned blue phase liquid crystal material, which
was used in this example, after being irradiated with the
ultraviolet ray. As illustrated in this graph, a selective reflec-
tion peak derived from the (110) plane was approximately
380 nm, and it was confirmed that the selective reflection peak
ofthe liquid crystal material used in this example was 400 nm
or less. Further, it was confirmed that the blue phase appeared
in a display temperature range of the liquid crystal display
apparatus.

[0065] Next, this panel was sandwiched between the two
polarization plates PL.1 and PL.2 (SEG1224DU manufactured
by Nitto Denko Corporation), and the polarization plates PL1
and P12 were arranged so that polarization transmission axes
thereof could be orthogonal to each other. As illustrated in
FIG. 1, angles made by directions of the transmission axes
PT1 and PT2 of the polarization plates PL1 and PL2 were
individually set at 45 degrees with respect to an in-plane
direction of the electric line of force EFL.

[0066] Next, adrive circuit was connected to the assembled
panel and polarization plates so that an alternating current
drive voltage ACV could be applied to the above-mentioned
comb teeth-like common electrode CT and pixel electrode
PX, and thereafter, a backlight and the like were connected to
the panel and the polarization plates to thereby make a mod-
ule and obtain the display apparatus.

[Comparative Example 1]

[0067] A liquid crystal display apparatus similar to the
liquid crystal display apparatus according to Example 1
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except that the orientation film AL was not coated was fabri-
cated as a liquid crystal display apparatus of Comparative
Example 1.

[Comparative Example 2]

[0068] A liquid crystal display apparatus similar to the
liquid crystal display apparatus according to Example 1
except that the rubbing treatment was not implemented after
the orientation film AL was coated was fabricated as a liquid
crystal display apparatus of Comparative Example 2.

[0069] FIG.4illustrates a response time in each of Example
1, Comparative Example 1, and Comparative Example 2.
Normalized response time values on an axis of ordinates of
FIG. 4 were illustrated by taking, as a reference, a falling
response time (response time required for a change from a
voltage application state to a voltage non-application state) in
the response time in the liquid crystal display apparatus fab-
ricated in accordance with Comparative Example 1. As a
result, in the liquid crystal display apparatus in which the
orientation film AL was coated but the orientation treatment
was not implemented as in Comparative Example 2, it was
found out that the response time thereof became smaller than
in Comparative Example 1 in which the orientation film AL
was not coated. Further, in the liquid crystal display apparatus
in Example 1, it was found out that the response time thereof
became much smaller (improved) than in Comparative
Example 2.

[0070] As in the liquid crystal display apparatus of
Example 1, the orientation film AL as a horizontal orientation
film was coated. In such a way, in the liquid crystal display
apparatus using the isotropic liquid crystal, the improvement
of the response time can be achieved, and an effect thereof is
further enhanced by further implementing the orientation
treatment.

[Comparative Example 3]

[0071] For a liquid crystal display apparatus according to
Comparative Example 3, a material described in p. 24 of
KIKUCHI Hirotsugu, IDW/AD ’05, pp. 21-24, 2005 was
used in place of the liquid crystal material used in the liquid
crystal display apparatus according to Example 1. Compo-
nent ratios of the liquid crystal material at this time were set
as 47.8 mol % for JC1041-XX (manufactured by Chisso
Corporation), 47.8 mol % for SCB (manufactured by Sigma-
Aldrich Corporation), and 4.4 mol % for Z1.14572 (manufac-
tured by Merck & Co., Inc.). Further, the liquid crystal mono-
mer RM257 and the acrylic monomer EHA were added by
amounts described in the document concerned. A liquid crys-
tal material obtained in the above-described manner was
used. The selective reflection peak, which appeared on the
longest wavelength side at this time, was approximately 530
nm.

[0072] FIG. 5illustrates reflection spectra in a pixel portion
and a vicinity of a sealing agent. Here, a solid line indicates
the reflection spectrum in the pixel portion, and a broken line
indicates the reflection spectrum in the vicinity of the sealing
agent. Further, FIGS. 6 and 7 show results of microscope
observation for the pixel portion and the vicinity of the seal-
ing agent, respectively, at the time when no voltage is applied
to pixels in almost all the display region of the liquid crystal
display apparatus according to Comparative Example 3 to
make the black display. A uniform blue phase was formed in
a liquid crystal layer LCA of the pixel portion, but in a liquid
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crystal layer LCB in the vicinity of the sealing agent, platelet-
like textures appeared in the result of the microscope obser-
vation.

[0073] As mentioned above, in the liquid crystal display
apparatus in Comparative Example 3, the platelet-like tex-
tures of verdigris color and dark blue color were formed in the
vicinity of the sealing agent, and a blue phase of the verdigris
color was uniformly formed inthe pixel portion. Accordingly,
when the entirety of the liquid crystal display apparatus was
viewed, unevenness in color was observed between the
periphery of the sealing agent and the pixel portion. Further,
asinthe periphery of the sealing agent, also in the vicinities of
the spacers, the unevenness in color was observed. The reason
for this is considered to be that, in the optically isotropic
liquid crystal material subjected to horizontal orientation
treatment by the orientation film AL as the horizontal orien-
tation film, both of the platelet-like textures derived from the
(110) plane and the (200) plane appear in the periphery of the
sealing agent and the vicinities of the spacers. It is thus
considered that, in the case where the black display is made in
the voltage non-application state, light generated by the
reflection peak spectrum of the optically isotropic liquid crys-
tal material is observed as different color tones between the
pixel portion, and the periphery of the sealing agent and the
vicinities of the spacers by a viewer of the liquid crystal
display apparatus, resulting in the unevenness in color.
[0074] Meanwhile, inthe liquid crystal display apparatus in
Example 1, among the selective reflections of the used liquid
crystal material, the reflection peak that appeared at the long-
est wavelength was 400 nm or less. Accordingly, at the time
when no voltage was applied to the pixels in almost all the
display region to make the black display, the platelet-like
textures were hardly able to be visually confirmed also in the
vicinity of the sealing agent (FIG. 8).

[0075] As described above, as in the liquid crystal display
apparatus according to Example 1, the isotropic liquid crystal
is used, and the orientation film AL is further coated, to
thereby improve the response time. At the same time, the
reflection peak that appears at the longest wavelength among
the selective reflections of the liquid crystal material is set at
400 nm or less. In such a way, the unevenness in color in the
vicinities of the sealing agent and the spacers and in the pixel
portion can be reduced.

[Example 2]

[0076] In Example 2, in place of the orientation film
AL 16470 used in Example 1, photoreactive polyimide and
polyamide acid ester were used with reference to Japanese
Patent Application Laid-open No. 2009-75569, and were fur-
ther subjected to photo-orientation treatment. At this time, the
photoreactive polyimide and polyamide acid ester were sub-
jected to the photo-orientation treatment by being irradiated
with a polarized ultraviolet ray so that an orientation direction
of the liquid crystal can become a direction of 0 degrees with
respect to the direction in which the electric line of force
(lateral electric field) is generated. In general, in the treatment
by the rubbing method, it is considered highly possible that
the orientation treatment may be insufficient in end portions
of the electrodes and the spacers. From this fact, it is consid-
ered possible that the blue phase may not be uniformly
formed depending on the structure of the pixel.

[0077] However, as in this example, if the photoreactive
materials are coated on the substrates, and the photo-orienta-
tion treatment of implementing the orientation treatment by
the irradiation of the ultraviolet ray is performed, then such a
possibility as described above is reduced, which is desirable.
In the liquid crystal display apparatus of this example, it was
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confirmed that the blue phase liquid crystal was substantially
uniformly formed, and that display quality was enhanced by
using the orientation film with photo-orientation properties.
[0078] Note that materials of the orientation film with the
photo-orientation properties are not limited to the materials
used in this example, and materials may be used, which
horizontally orient the liquid crystal by ultraviolet irradiation
such as polarized or unpolarized oblique irradiation. For
example, such materials include azobenzene and derivatives
thereof, or cinnamoyl, coumarin, and benzylidenephthalimi-
dine.

[Example 3]

[0079] Inorderto examine an influence given to the display
characteristics by the orientation direction of the orientation
film AL formed on the substrate SUB1 in the liquid crystal
display apparatus of Example 1, a liquid crystal display appa-
ratus according to Example 3 was fabricated. This liquid
crystal display apparatus was subjected to the rubbing treat-
ment so that an angle ARE made by a direction EF in which
the electric line of force EFL (lateral electric field) was gen-
erated and a rubbing direction RB (liquid crystal orientation
direction) could become 0, 30, 45, 60, and 90 degrees. Except
for such a point, the liquid crystal display apparatus of
Example 3 is similar to the liquid crystal display apparatus of
Example 1.

[0080] FIG. 9 illustrates a dependency of the drive voltage
on the angle ARE. Normalized voltage values on an axis of
ordinates of FIG. 9 were given by taking, as a reference, the
drive voltage in the liquid crystal display apparatus according
to Comparative Example 1. From FIG. 9, it is grasped that, in
the liquid crystal display apparatus according to Example 3,
the drive voltage was increased more than in the liquid crystal
display apparatus according to Comparative Example 1. Fur-
ther, in accordance with the examination at this time, it is
desired that the angle ARE be small. In particular, in the case
where the angle ARE is 45 degrees or more, the increase in
drive voltage is almost saturated, and accordingly, it is desired
that the angle ARE be 45 degrees or less. Note that, in the case
where the angle ARE is 10 degrees or less, the decrease in
drive voltage is saturated, and accordingly, itis further desired
that the angle ARE be 10 degrees or less.

[0081] Note that, even if the rubbing direction RB is axi-
symumetric to the direction EF of the electric line of force (that
1s, even if the angle ARE is 0 degrees or 90 degrees), a similar
effect to that in FIG. 9 is obtained. Hence, when the angle
ARE is 0, the drive voltage can be reduced effectively under
a condition of —-45°=0=45°, more desirably -10°=0=10°.

[Example 4]

[0082] In Example 4, in a similar way to the liquid crystal
display apparatus of Example 1, the black matrix BM and the
color filters CF were formed on the substrate SUB2, and
thereafter, the overcoat layer OC was coated and fired
thereon. In addition, thereafter, another orientation film AL
similar to the orientation film AL formed on the substrate
SUBI1 was also formed on the substrate SUB2, and further,
the orientation film AL on the substrate SUB2 was also simi-
larly subjected to the rubbing treatment in the direction of 30
degrees with respect to the direction in which the electric line
of force (lateral electric field) was generated. In such a way,
the orientation film AL on the substrate SUB1 and the orien-
tation film AL on the substrate SUB2 were subjected to the
rubbing treatment in the direction of 30 degrees with respect
to the direction in which the electric line of force was gener-
ated, and were subjected 1o the rubbing treatment in direc-
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tions parallel to each other. By a similar method to that of
Example 1 except for such a point as described above, a liquid
crystal display apparatus of Example 4 was fabricated. FIG.
10 is a view illustrating a cross-sectional structure of the
liquid crystal display apparatus fabricated in Example 4.
[0083] In a similar way to the liquid crystal display appa-
ratus according to Example 1, also in this example, in the
liquid crystal display apparatus in which the isotropic liquid
crystal is used and the orientation films AL are coated, the
reflection peak that appears at the longest wavelength among
the selective reflections of the liquid crystal material is set at
400 nm or less. In such a way, the unevenness in color
between the pixel portion and the vicinities of the sealing
agent and the spacers can be reduced, and the display quality
of the liquid crystal display apparatus can be enhanced effec-
tively.

[Example 5]

[0084] FIG. 11 is a view schematically illustrating a struc-
ture of one pixel of a liquid crystal display apparatus accord-
ing to Example 5. The structure of the pixel is similar to that
of Example 1 except that the shapes of the pixel electrode PX
and the common electrode CT are different, and a cross-
sectional view taken along a line B-B is substantially similar
to that of FIG. 2. Note that, at this time, angles of bend AEL
ofthe pixel electrode PX and the common electrode CT are 90
degrees.

[0085] In accordance with the examination result in
Example 3, it is desired that the angle 6 made by the rubbing
direction RB and the direction EF of the electric line of force
(direction in which the lateral electric field is generated)
satisfy —45°=0=45°. In this example, two directions EF of
the electric line of forces are generated, and are orthogonal to
each other. In such a pixel structure, it is desired to set the
rubbing direction so that the pixel electrode or the common
electrode can make an angular relationship of —45°=0=45°
with respect to the bidirectional electric line of forces gener-
ated while being bent in the two different directions. In the
liquid crystal display apparatus of Example 5, the rubbing
direction RB of FIG. 11 is set as a horizontal direction thereof
so that the angle ARE can become -45 degrees or 45 degrees.
[0086] As in this example, in the liquid crystal display
apparatus in which the isotropic liquid crystal is used and the
orientation film is coated, even if the electrode structure
thereof is not linear, it becomes possible to reduce the drive
voltage by setting the angle ARE at an appropriate value.
[0087] As described above, the improvement in display
characteristics was achieved while allowing the high-speed
response by using the liquid crystal material having the opti-
cal isotropy, in particular, the material that exhibits the blue
phase in the display temperature range of the liquid crystal
display apparatus. With all of the materials used in this
example, it was possible to obtain good display characteris-
tics at around room temperature. However, materials for use
are not limited to those used in this example, and materials
which exhibit the blue phase in a wider temperature range
may be used. In consideration of actual use, materials are
desired, which exhibit the blue phase in a display temperature
range of the liquid crystal display apparatus from 0° C. or
more, more desirably —20° C. or more to 70° C. or less, more
desirably 100° C. or less. It is considered that use of the
materials described above may contribute to reliability
enhancement for the temperature of the liquid crystal display
apparatus.

[0088] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
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thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. A liquid crystal display apparatus comprising:

a pair of substrates;

a medium which is sandwiched between the pair of sub-
strates, is optically isotropic when no voltage is applied
thereto, and exhibits optical anisotropy when a voltage is
applied thereto;

a pixel electrode and a common electrode which are
formed on one of the pair of substrates,
at least one of the pixel electrode and the common elec-

trode being formed into a comb tooth shape: and

a horizontal orientation film which is subjected to orienta-
tion treatment so as to orient the medium in a direction
horizontal to the pair of substrates, and is formed on an
interface of at least one of the pair of substrates with the
medium,

wherein the medium has a selective reflection peak derived
from a (110) plane at 400 nm or less.

2. The liquid crystal display apparatus according to claim

1,

wherein the horizontal orientation film is subjected to the
orientation treatment by photo-orientation.

3. The liquid crystal display apparatus according to claim

1,

wherein the horizontal orientation film is subjected to the
orientation treatment by rubbing treatment.

4. The liquid crystal display apparatus according to claim

13

wherein the horizontal orientation films are formed on the
interfaces of both of the pair of substrates with the
medium, and

wherein a direction in which the medium is oriented by the
horizontal orientation film formed on one of the pair of
substrates and a direction in which the medium is ori-
ented by the horizontal orientation film formed on
another of the pair of substrates are parallel to each other.

5. The liquid crystal display apparatus according to claim

1,

wherein the pixel electrode and the common electrode
generate, in the medium, a lateral electric field in a
predetermined direction in-plane horizontal to the pair
of substrates, and

wherein a direction in which the medium is oriented by the
horizontal orientation film and the predetermined direc-
tion in which the lateral electric field is generated make
an angle smaller than 45 degrees.

6. The liquid crystal display apparatus according to claim

1,

wherein the pixel electrode and the common electrode
generate, in the medium, a lateral electric field in a
predetermined direction in-plane horizontal to the pair
of substrates, and

wherein a direction in which the medium is oriented by the
horizontal orientation film and the predetermined direc-
tion in which the lateral electric field is generated make
an angle smaller than 10 degrees.

7. The liquid crystal display apparatus according to claim

15

wherein the medium comprises blue phase liquid crystal

that exhibits a blue phase in a display temperature range.
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