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(57) ABSTRACT

A liquid crystal display device of the present invention is a
liquid crystal display device having a first substrate, a
second substrate, a liquid crystal layer disposed between the
first and second substrates, and a plurality of pixels each
having a display region, in that: the liquid crystal layer is
optically isotropic when an selective electric field is not
applied and optically aisotropic when an electric field is
applied and includes a material whose refractive index
changes depending on the strength of the electric field; and
the plurality of pixels include first and second pixels differ-
ent in the electric field strength.
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LIQUID CRYSTAL DISPLAY DEVICE AND

ELECTRONIC APPARATUS
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a liquid crystal
display device and an electronic apparatus.
[0003] 2. Related Art
[0004] Flat panel display devices are now used widely in

various types of monitors such as for computers as well as
in display elements such as for cellular phones. It is pre-
dicted that the use of the flat panel display devices will
continue to spread more widely, as they are being developed
for use in wide-screen TVs. Of all the flat panel displays, the
most widely used 1s a liquid crystal display, which often
employs a color display system called a micro color filter
system.

[0005] The micro color filter system is a system that can
easily exhibit high reproduction performance, in that full
color display is performed by dividing one pixel into at least
three sub-pixels and by forming, in each sub-pixel, color
filters of three primary colors of red (R), green (G), and blue
(B). However, by the micro color filter system, it is difficult
to satisfactorily increase light utilization efliciency because
of color absorption and the like by the color filters. In a
transmission-type liquid crystal display device having a
backlight or in a reflection-type liquid crystal display device
having a front light, such poor light utilization efliciency
becomes the cause for increase in electricity consumption by
the backlight or the front light.

[0006] In contrast, an electrically controlled birefringence
(ECB) type liquid crystal display device is known as the
color liquid crystal display device that does not use color
filters (e.g., see “Liquid Crystal Device Handbook,” edited
by the 142nd Committee of Japanese Institute for the
Promotion of Technology (Nippon Gakujutsu Shinkokai),
published by Nikkan Kogyo Shinbunsha, 1995, pp. 346-
348). When a voltage is applied to a liquid crystal cell,
birefringence in the cell changes as a result of a change in
the liquid crystal molecule alignment due to dielectric
anisotropy of the liquid crystal. When the liquid cell is
placed between two polarizing plates, the change in the
birefringence emerges as a change in light transmission.
This is called an electrically controlled birefringence (ECB)
effect. With the ECB-type liquid crystal display device,
display is performed by taking advantage of such an effect.

[0007] In the present specification, refractive index may
mean a general refractive index or the above-referenced
birefringence and is not limited to one or the other.

[0008] The following explains the operational principles
of the ECB-type liquid crystal display device.

[0009] A homogenous cell using liquid crystal having a
refractive index anisotropy An and a cell thickness d is
placed between two polarizing plates (a polarizer and an
analyzer). When angles of a director axis of liquid crystal
molecules to the polarizer and to the analyzer are ¥ and y,
respectively, a retardation R and a phase difference d
between extraordinary light and ordinary light that are
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generated when light passes through the cell are expressed
below by the equations (1) and (2), respectively.

R=Anxd (1)
d=2nR/A=2nx Anxd/h @3]
[0010] Further, a transmission intensity of light (J) enter-

ing perpendicularly to the cell is expressed in the equation
@)

J=4?{ cos’(W—y)-sin 2 W sin 2 y sin?(6/2)} (3)
[0011] Further, when the two polarizing plates are crossed
perpendicularly to each other, and (y-W¥=r/2) and ¥=n/4,
the transmitted light intensity J is expressed in the equation
COF

J=d? sin?(8/2)=A42 sin?(mAnd/N) “
[0012] These equations indicate that the transmitted light
intensity depends on the retardation R when monochrome
light is used, and various color phases are exhibited depend-
ing on the retardation R when white light is used as the light
source. When voltage is applied to the liquid crystal cell, the
retardation R changes since the effective refractive index
anisotropy in the cell changes along with the liquid crystal
molecule alignment. Based on the explained principles, the
ECB-type liquid crystal display device controls the trans-
mitted light intensities and display colors by the application
of voltage in order to carry out the display.

[0013] With a generally-used color liquid crystal display
device that employs a system such as a liquid crystal light
valve system in combination with color filters, only one
color is displayed with one sheet of cell or with one pixel,
while the ECB-type color liquid crystal display device
enables the color display relatively stably due to its simple
structure using one sheet of cell and two polarizing plates.

[0014] However, with the conventional ECB-type color
liquid crystal display device, the volume of the applied
voltage must be controlled precisely in order to change the
color phases to be displayed.

[0015] Further, with the conventional ECB-type color
liquid crystal display device, even if the pixel is divided into
display regions of each color, the lights interfere with each
other among the regions and, thus, vivid color display has
been difficult. Also, because the retardation R changes
greatly depending on the visual angle, the strong visual
angle dependency of the display color has been a problem.

SUMMARY OF THE INVENTION

[0016] An advantage of the invention is to provide a
highly reliable liquid crystal display device with enhanced
light utilization efficiency, a wide visible angle, and high
visibility, and to provide an electronic apparatus having the
liquid crystal display device.

[0017] According to an aspect of the invention, a liquid
crystal display device of the present invention is a liquid
crystal display device having a first substrate, a second
substrate, a liquid crystal layer disposed between the first
and second substrates, and a plurality of pixels each having
a display region, in that: the liquid crystal layer is optically
isotropic when an selective electric field is not applied and
optically aisotropic when an electric field is applied and
includes a material whose refractive index changes depend-
ing on the strength of the electric field; and the plurality of
pixels include first and second pixels different in the electric
field strength.
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[0018] In this case, it is possible to provide the highly
reliable liquid crystal display device with enhanced light
utilization efficiency, a wide visual angle (wide viewing
angle), and high visibility.

[0019] According to another aspect of the invention, a
liquid crystal display device of the invention is a liquid
crystal display device having a first substrate, a second
substrate, a liquid crystal layer disposed between the first
and second substrates, and a plurality of pixels having
display regions, in that: a first electrode and a second
electrode are formed at each of the pixels: the liquid crystal
layer is optically aisotropic when a voltage is applied
between the first electrode and the second electrode and
optically isotropic when a voltage is not applied and is
formed by including a material whose refractive index
changes depending on the voltage strength; and a distance
between the first electrode and the second electrode at a first
pixel of the plurality of pixels is different from a distance
between the first electrode and the second electrode at a
second pixel of the plurality of pixels.

[0020] In this case, it is possible to provide the highly
reliable liquid crystal display device with enhanced light
utilization efficiency, a wide visual field angle (wide viewing
angle), and high visibility.

[0021] With the liquid crystal display device of the inven-
tion, it is preferable that a first display region in the first pixel
and a second display region in the second pixel is different
in color.

[0022]

[0023] With the liquid crystal display device of the inven-
tion, it is preferable that the liquid crystal layer in the first
display region and the liquid crystal layer in the second
display region have different refractive indexes.

[0024] In this case, there is no need to use a complex
driving method, since it is specified that the refractive index
changes depending on the display color of the pixel even
when the same voltage is applied to each pixel.

[0025] With the liquid crystal display device of the inven-
tion, it is preferable that the plurality of pixels include a pixel
of a first color and a pixel of a second color which are lights
emitted from the liquid crystal layer; a gap between the first
electrode and the second electrode in the pixel of the first
color is greater than a gap in the pixel of the second color;
and the light emitted from the pixel of the first color is a
visible light shorter than the light emitted from the pixel of
the second color.

[0026] Inthiscase, it is possible to easily and reliably alter
the strength of the electric fields applied to the display
regions of each color (read, green, and blue display regions).

[0027] With the liquid crystal display device of the inven-
tion, it is preferable that the first color is blue and the second
color is green.

[0028] In this case, each pixel can have at least a blue
display region or green display region. This blue and green
combination is only an example, and blue and red combi-
nation or green and red combination may be applied.

In this case, a plurality of colors can be displayed.

[0029] With the liquid crystal display device of the inven-
tion, it is preferable that a reflective film is formed on the
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first substrate and that a phase difference And in the liquid
crystal layer on the reflective film is approximately 2/4.

[0030] In this case, with the reflection-type liquid crystal
display device, the transmitted light intensity can be greater.

[0031] With the liquid crystal display device of the inven-
tion, it is preferable that the phase difference And in the
liquid crystal layer, through which the light coming into the
first substrate and emitting from the second substrate trans-
mits, is approximately A/2.

[0032] Inthis case, with the transmission-type liquid crys-
tal display device, the transmitted light intensity can be
greater.

[0033] With the liquid crystal display device of the inven-
tion, it is preferable that the material contained in the liquid
crystal layer is pseudo-isotropic liquid crystal.

[0034] With the liquid crystal display device of the inven-
tion, it is preferable that the material contained in the liquid
crystal layer is formed by polymerizing a low molecule
liquid crystal material and a non liquid crystal monomer and
is composed of a composite liquid crystal composition
containing a polymer network formed among the constituent
molecules of the low molecule liquid crystal material.

[0035] Accordingly, the response speed of liquid crystal
can be particularly fast.

[0036] With the liquid crystal display device of the inven-
tion, it is preferable that the low molecule liquid crystal
material is capable of developing a blue phase between a
cholesteric phase and an isotropic phase.

[0037] Inthiscase, the response speed of liquid crystal can
be made even faster.

[0038] With the liquid crystal display device of the inven-
tion, it is preferable that the non liquid crystal monomer is
an acrylate-based monomer having an alkyl group as the
side chain.

[0039] In this case, it is possible to form a highly con-
tinuous network and to further expand the temperature range
at which the blue phase is developed.

[0040] According to yet another aspect of the invention,
an electronic apparatus of the invention is equipped with the
liquid crystal display device of the invention.

[0041] In this case, it is possible to provide an electronic
apparatus equipped with the highly reliable liquid crystal
display device (a display section) with enhanced light uti-
lization efliciency, a wide visible angle, and high visibility.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.

[0043] FIG. 1 is a plan pattern view of an example of an
electrode structure of a liquid crystal display device of the
invention.

[0044] FIG. 2A is a plan pattern view of an example of the
liquid crystal display device of the invention.

[0045] FIG. 2B is a cross-sectional pattern view of FIG.
2A.
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[0046] FIGS. 3A through 3D are pattern views of a
molecule structure of a pseudo-isotropic liquid crystal mate-
rial.

[0047] FIG. 4A is a plan pattern view of another example
of the liquid crystal display device of the invention.

[0048] FIG. 4B is a cross-sectional pattern view of FIG.
4A.
[0049] FIG. 5 is a diagram illustrating an example of an

electronic apparatus equipped with the liquid crystal display
device of the invention.

[0050] FIG. 6 is a diagram illustrating another example of
the electronic apparatus equipped with the liquid crystal
display device of the invention.

[0051] FIG. 7 is a diagram illustrating yet another
example of the electronic apparatus equipped with the liquid
crystal display device of the invention.

DESCRIPTION OF THE EMBODIMENTS

[0052] Embodiments of the invention will now be
described in detail with reference to the drawings.
[0053]

[0054] Fist, the liquid crystal display device of the inven-
tion will be described.

Liquid Crystal Display Device

First Embodiment

[0055] FIG. 1 is a plan view of an electrode structure of
a TFT array substrate of the liquid crystal display device of
the first embodiment. FIGS. 2A and 2B are pattern dia-
grams of the liquid crystal display device of the embodi-
ment, in that FIG. 2A is a plan pattern view to explain three
display regions of the liquid crystal display device of the
embodiment corresponding to three primary colors, and
FIG. 2B is a cross-sectional pattern view of FIG. 2A.
Further, for simplicity’s sake, FIGS. 1, 2A, and 2B show
one enlarged pixel region (one pixel), emphasizing specific
portions and altering the ratios of the film thickness, size,
and the like of each constituent element where necessary.

[0056] The liquid crystal display device of the embodi-
ment is an exemplary of an active matrix type liquid crystal
display device using a thin film transistor (hereinafter
referred to as TFT) as the switching element.

[0057] With a liquid crystal display device 1, as shown in
FIGS. 2A and 2B, a liquid crystal layer 30 composed, for
example, of a hereinafter-described pseudo-isotropic liquid
crystal material or the like is disposed between a TFT array
substrate 10 and an opposite substrate 20 arranged opposite
from the TFT array substrate 10. The TFT array substrate 10
takes an in-plane switching (hereinafter referred to as IPS)
electrode structure, in that an electric field (a lateral electric
field) is generated in a planar direction of the substrate (a
direction parallel to the substrate surface), and, by changing
the alignment state of the liquid crystal material by this
lateral electric field, the TFT array substrate 10 acquires an
optical switching function.

[0058] By the IPS mode, the alignment of the liquid
crystal material shifts into a direction parallel to the sub-
strate upon supply of voltage. Therefore, the wide visual
angle (of about 170° laterally and vertically, for example)
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becomes possible, and there is little change in color tones at
any gradation from white to black regardless of viewing
directions, and, thereby, natural images can be displayed.

[0059] An electrode structure of the TFT array substrate
10 is shown in FIG. 1. In the drawing, a plurality of data
lines 2 extending vertically and a plurality of gate lines 3
extending horizontally intersect with each other in matrix.
The data lines 2 have a function of transmitting image
signals to the pixels in each column, and the gate lines 3
have a function of sequentially switching on the TFTs of the
pixels in each row. The lower left part of each pixel in the
drawing, where the gate line 3 branches towards the inside
of the pixel and becomes a gate electrode 4, constitutes a
pixel-switching TFT 5.

[0060] With the TFT of each pixel, one end of the terminal
of the source and the drain is connected to the data line 2,
and the other end of the terminal is connected to a first
electrode 6. This first electrode 6 has a plurality of electrode
fingers (a pixel electrode) 6a extending in a vertical direc-
tion in the drawing and is connected to the drain terminal of
the TFT 5.

[0061] Further, in FIG. 1, a comb-like shaped second
electrode 7 having a plurality of electrode fingers (a com-
mon electrode) 7a extends in a vertical direction. The
electrode fingers 7a of the second electrode 7 are two-
dimensionally arranged between the electrode fingers 6a of
the first electrode 6. Also, each electrode finger 7a is
connected to a common electrode line 7b. The second
electrodes 7 are connected to each other by each of the pixels
and are configured so that a fixed voltage is maintained in
the entire display region. That is, the first electrode 6
(electrode fingers 64) is the pixel electrode, and the second
electrode 7 (electrode fingers 7a) is the common electrode.
Further, the data lines 2, gate lines 3, first electrode 6
(electrode fingers 6a), second electrode 7 (electrode fingers
7a and common electrode line 75), and TFT 5 are all
disposed on the TFT array substrate 10.

[0062] Additionally, although the common electrode line
7b is fabricated so as to intersect with the data lines 2 and
to parallel with the gate lines in FIG. 1, other fabrications
are possible as long as the electrode fingers 6a and the
electrode fingers 7a are arranged in a comb-like configura-
tion. For example, the common electrode line 76 may be
fabricated so as to intersect with the gate lines 3 and to
parallel with the data lines 2.

[0063] Also, a region surrounded by the data lines 2 and
the gate lines 3 composes one pixel of the liquid crystal
display device of the embodiment.

[0064] The term pixel or pixel region used here may be
any pixel or pixel region that includes only one area sur-
rounded by the data lines 2 and the gate lines 3, and may or
may not include a region overlapping with these data lines
2 or these gate lines 3.

[0065] FIG. 2A is a cross-sectional diagram of each of the
pixels corresponding to the three primary colors in FIG. 1,
in which each display region of each pixel, that is, a blue
display region D1, a green display region D2, and a red
display region D3 is disposed.

[0066] The TFT array substrate 10 is configured in a
manner that a reflection film 13 composed of a metal
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material having high reflectivity such as aluminum is formed
on the surface of a substrate body 11 composed of a light
transmitting material such as quartz and glass via an insu-
lating layer 12 composed of a resin material or the like.

[0067] The insulating layer 12 formed on the substrate
body 11 has an uneven configuration 12a at the surface, and
the surface of the reflection film 13 has an uneven portion
corresponding to the uneven configuration 12a. Because the
reflection light scatters due to such unevenness, reflection
from outside can be prevented, and the display having the
wide visual field angle can be obtained. The uneven con-
figuration 12a is further coated with a resin layer 14.

[0068] Further, as the pixel electrodes, the first electrodes
6 and the second electrodes 7 composed of a transparent
conductive material such as indium tin oxide (hereinafter
referred to as ITO) are formed on the surface of the TFT
array substrate 10.

[0069] Additionally, in the embodiment, although the
reflection film 13 and the pixel electrodes are independently
laminated, a reflection film composed of a metal material
may be used as the pixel electrode.

[0070] On the opposite substrate 20, a black matrix BM is
disposed on a substrate body 21 (on the liquid crystal layer
side of the substrate body 21) composed of a light trans-
mitting material such as glass or quartz. This black matrix
BM forms borders between the display regions D1, D2, and
D3 (see FIG. 2A).

[0071] Further, a retardation plate 16 and a polarizing
plate 17, which are formed on the outer surface of the TFT
array substrate 10 (not the surface facing the liquid crystal
layer 30), and a retardation plate 24 and a polarizing plate
25, which are formed on the outer surface of the opposite
substrate 20, are structured so that a circularly polarized
light can enter into an inner surface side of the substrate (the
liquid crystal layer 30 side). Each of these retardation plates
16 and 24 and polarizing plates 17 and 25 composes a
circularly polarizing plate.

[0072] The polarizing plates 17 and 25 are structured so as
to transmit only a linearly polarized light having a polar-
ization axis in a predetermined direction. As the retardation
plates 16 and 24, A/4 retardation plates are used.

[0073] As regards the size of each part composing the
liquid crystal display device of the embodiment, it is pref-
erable that a pitch of one pixel is, but not limited to, around
30-100 pm, and that a cell gap d is, but not limited to, around
3-5 pum.

[0074] Further, it is preferable that the width of each
electrode finger 6a of the first electrode 6 and of each
electrode finger 7a of the second electrode 7 is about 1-4 um.

[0075] More specifically, it is preferable that the pitch of
one pixel is about 30 pm, and that the number of the
electrode fingers 6a of the first electrode 6 and of electrode
fingers 7a of the second electrode 7 is about 3-5 each. Also,
the width of each electrode finger 6a of the first electrode 6
and of each electrode finger 7a of the second electrode 7 is
preferably about 2 um.

[0076] The described liquid crystal display device 1
employs the IPS electrode structure, in which the first and
second electrodes 6 and 7 are arranged within the same
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surface of the TFT substrate 10. Accordingly, the liquid
crystal is driven by a lateral electric field F generated by the
first electrode 6 (6a) and the second electrode 7 (7a).

[0077] Now, with the ECB-type liquid crystal display
device, the the transmitted light intensity (J) is expressed in
the equation (4) below.

J=A42 sin(8/2)=42 sin(nAnd/N) 4

[0078] 9 is a phase difference value here, and d=2rAnd/A.
The equation shows that, by changing 9, that is, by changing
the refractive index anisotropy An of the liquid crystal, the
display colors and the transmitted light intensity can be
changed.

[0079] Ttis to be noted that it is difficult to greatly change
the refractive index anisotropy An of liquid crystal at each
display region by using a common liquid crystal material,
even if it is used in a liquid crystal display device such as one
described above having a plurality of display regions (three
display regions corresponding to three primary colors) in
one pixel. To explain more specifically, with the common
liquid crystal material, because a liquid molecule is greatly
affected by the alignment of other surrounding liquid crystal
molecules upon application of the electric field and changes
its own orientation, it is difficult to greatly change the
refractive index anisotropy An of the liquid crystal at each of
the display regions (the blue, green, and red display regions).
Hence, it is difficult to satisfactorily separate the display
colors at the display regions when the common liquid crystal
material is used.

[0080] With the conventional liquid crystal material, the
refractive index of the material itself does not change even
when the electric field is applied, although the refractive
index in the liquid crystal cell changes when viewed in one
direction because the liquid crystal molecules change their
directions and align into a form of spiral. In contrast, with
the pseudo-isotropic liquid crystal material used in the
invention, the refractive index of the material itself can be
changed, since the material becomes optically anisotropic
when the electric field is applied. With the pseudo-isotropic
liquid crystal material used in the invention, the refractive
index can be changed when the electric field is applied
without accompanying the macroscopic alignment behavior
and movement of the material itself. Further, because the
amount of change in the refractive index depends on the
strength of the electric field, it is possible to make the
refractive index anisotropy An of the liquid crystal to be
different at each of the display regions (the blue, green, and
red display regions) by supplying each of the display regions
with the electric field different in the strength. Thus, in the
invention, it is possible to reliably prevent the colors of the
display regions from interfering with each other and to
display vivid colors. Further, because each color is displayed
in a manner that the strength of the electric field differs in
each display region of each color, the invention has high
controllability.

[0081] Further, in the invention, because the refractive
index anisotropy of the liquid crystal material (the pseudo-
isotropic liquid crystal material) makes the vivid color
display possible, it is not necessary to use the color filters.
As a consequence, the light utilization efficiency can be
particularly high, and high contrast and bright images can be
obtained. Also, because sufficiently bright images can be
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obtained even when the applied voltage is relatively low, it
also has an advantage of suppressing electricity consump-
tion.

[0082] With the reflection-type liquid crystal display
device, the transmitted light intensity J becomes maximum
when Anxd=A/4 according to the equation (4). Thus, with
this liquid crystal display device, it is preferable that the
strength of the electric field is set as Anxd=A/4 at each
display region. Consequently, the displays can be made
brighter.

[0083] More specifically, in the red display region, for
example, it is preferable that Anxd is about 160 nm, given
that A, =630 nm. In the green display region, it is preferable
that Anxd is about 140 nm, given that A =550 nm. Further,
in the blue display region, it is preferable that Anxd is about
120 nm, given that A, =450 nm.

[0084] Further, the pseudo-isotropic liquid crystal is
driven by the lateral electric field F approximately in parallel
with the substrate. Since this changes the retardation
(R=Anxd) within the surface, there is little change in the
retardation value due to the visual angle. As a consequence,
it is possible to solve the problem of the visual angle
dependency of the display color in the conventional ECB-
type liquid crystal display device. Further, accordingly, it is
possible to increase the light utilization efficiency, to display
with higher visibility, and to further enhance reliability
(durability) of the liquid crystal display device.

[0085] Tt is preferable that the cell thickness between the
surface sides of the substrates (the TFT array substrate and
the opposite substrate) facing the liquid crystal layer is 20
um or less, more preferably, 10 um or less. Consequently, the
aforementioned effects are produced more evidently.

[0086] Further, with the lateral electric field system in the
embodiment, the distance between the electrodes (the dis-
tance between the electrode finger 6a of the first electrode 6
and the electrode finger 7a of the second electrode 7) differs
in each of the red, green, and blue display regions. Having
such a structure, the magnitude of the electric fields at the
red, green and blue display regions can be different from
each other.

[0087] Thus, if the interelectrode distance at the red dis-
play region (Lr in the drawing), the interelectrode distance
at the green display region (Lg in the drawing), and the
interelectrode distance at the blue display region (Lb in the
drawing) is to be different from one another. it is preferable
that Lb>Lg>Lr. With such a structure (e.g., a simple struc-
ture in which the applied voltage is substantially the same at
each display region), the strength of the electric field can be
easily and reliably made less in the order from the red, green,
and blue display regions.

[0088] The inter-electrode distance Lr at the red display
region depends on the applied voltage and the like but is
preferably about 0.2-10 pum, more preferably about 0.5-5
um, and even more preferably about 1-3 um. Also, the
inter-electrode distance Lg at the green display region
depends on the applied voltage and the like but is preferably
about 0.4-20 um, more preferably about 1-10 pm, and even
more preferably about 2-6 um. Further, the inter-electrode
distance Lb at the blue display region depends on the applied
voltage and the like but is preferably about 0.6-30 pm, more
preferably about 1.5-15 pm, and even more preferably about
3-9 um.
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[0089] More specifically, if each electrode width (elec-
trode finger width) is about 2 um and the applied voltage is
7-8 'V, for example, the inter-electrode Lr at the red display
region is preferably about 2 pm; the inter-electrode Lg at the
green display region is preferably about 4 um; and the
inter-electrode Lb at the blue display region is preferably
about 6 um. Having such a structure, the ECB-type liquid
crystal display device can stably perform a vivid display at
each display region, and the transmitted light intensity can
be particularly high. Further, the light utilization efficiency
can be improved, and the display can have a particularly
bright composition. Furthermore, high contrast display can
be obtained. Moreover, particularly high visibility can be
acquired.

[0090] Pseudo-Isotropic Liquid Crystal Material

[0091] Next, the pseudo-isotropic liquid crystal material
composing the liquid crystal display device 1 will be
described in detail.

[0092] FIGS. 3A through 3D are pattern diagrams of the
molecule structure of the pseudo-isotropic liquid crystal
material that can be used in the invention.

[0093] The pseudo-isotropic liquid crystal material used in
the invention is optically isotropic when the selective elec-
tric field is not applied and optically aisotropic when the
electric field is applied, with its refractive index changing
depending on the strength of the electric field.

[0094] Such a pseudo-isotropic liquid crystal material is,
as described, completely different from the common liquid
crystal material, showing completely different behavior
from that of the common liquid crystal material, particularly
when employed for the reflection-type or transmission-type
liquid crystal display device. That is, with the conventional
liquid crystal material, the refractive index of the material
itself does not change even when the electric field is applied,
although the refractive index in the liquid crystal cell
changes when viewed in one direction because the liquid
crystal molecules change in their directions and align into a
form of spiral. In contrast, with the pseudo-isotropic liquid
crystal material used in the invention, the refractive index of
the material itself can be changed, since the material
becomes optically anisotropic when the electric field is
applied. With the pseudo-isotropic liquid crystal material
used in the invention, the refractive index can be changed
when the electric field is applied without accompanying the
macroscopic alignment behavior and movement of the mate-
rial itself.

[0095] The pseudo-isotropic liquid crystal material used in
the invention may be any material so long as it is such as
mentioned above. However, preferably, the material is such
that is formed by polymerizing a low molecule liquid crystal
material with a non liquid crystal monomer together with a
crosslinking agent and that is composed of a composite
liquid crystal composition that includes a polymer network
formed among the constituent molecules of the low molecu-
lar liquid crystal material. Accordingly, the response speed
of liquid crystal can be made particularly fast.

[0096] Inthe following, the pseudo-isotropic liquid crystal
material will be described as one composed of such a
composite liquid crystal composition.

[0097] As shown in FIGS. 3A through 3D, the composite
liquid crystal composition (the pseudo-isotropic liquid crys-
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tal material) takes, in general, a twist alignment in all
azimuths of a molecular lateral direction and forms a basic
structure called a double-twist cylinder as shown in FIG.
3A. Further, the double-twist cylinders (3B) crisscross each
other to take an ultrastructure having a body-centered cubic
system as the unit lattice shown in FIG. 3C. This structure,
with which the molecules cannot continuously align in
three-dimensional space, accompanies a periodical disclina-
tion as shown in the drawing. The composite liquid crystal
composition (the pseudo-isotropic liquid crystal material)
such as this is optically isotropic but turns aisotropic at a
high speed when voltage is applied and is capable of
transmitting or blocking light coming from a specific direc-
tion.

[0098] Further, the composite liquid crystal composition
has the polymer network formed by polymerizing monomer
molecules having low compatibility with the low molecular
liquid crystal material (together with the crosslinking agent).
Accordingly, it is possible to expand the range of tempera-
ture (e.g., the range of 100° C. or more) at which the blue
phase is developed, and, thus, the response speed of liquid
crystal can be made particularly fast.

[0099] The monomer used to form the polymer network is
a non liquid crystal monomer. The non liquid crystal mono-
mer here is a monomer that can be polymerized by photo-
polymerization or thermal polymerization and means a
monomer that does not have a well-known rodlike molecular
structure (e.g., a molecular structure having an alkyl group,
cyano group, fluorine group, or the like at the end of a
biphenyl group, a biphenyl cyclohexyl group, or the like)
that exhibits liquid crystal. Such a monomer may contain,
for example, a polymerizable group such as, but not limited
to, an acryloyl group, methacryloyl group, vinyl group,
epoxy group, fumarate group, cinnamoyl group, or the like
in its molecular structure.

[0100] Ttis preferable that the non liquid crystal monomer
used to form the polymer network is, for example, an
acrylate-based monomer containing an acryloyl group or a
methacryloyl group in its molecular structure, in particular,
an acrylate-based monomer of a branched structure having
an alkyl group as the side chain. The alkyl group is generally
an alkyl group with the carbon number of 1 to 4, and it is
preferable to use a monomer having at lease one side chain
consisting of such an alkyl group per a monomer unit. When
the polymer network is formed from a monomer having an
amorphous molecular structure but not branched, the maxi-
mum effect on expanding the temperature width at which the
blue phase is developed becomes relatively small. For
example, the acrylate-based monomer can be cyclohexyle
acrylate, and the acrylate-based monomer having the alkyl
group as the side chain can be 2-ethylhexyl acrylate or
1,3,3-trimethylhexyl acrylate.

[0101] The polymer network is formed by polymerizing
such a monomer together with the crosslinking agent. The
crosslinking agent can be either a liquid crystalline com-
pound or an amorphous compound and can be a compound
having reactive sites that enable the formation of the net-
work structure by combining the monomer molecules in
response to the used monomer. For example, when using the
acrylate-based monomer as the monomer, a liquid crystal-
line diacrylate monomer can be used as the crosslinking
agent. However, if the crosslinking agent is not used or the
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density of the crosslinking agent is too low, it may be
difficult, for example, to sufficiently expand the temperature
range (temperature width) for the development of the blue
phase. Further, the density of the polymer network is also
important, and it is also necessary to form a highly continu-
ous polymer network by using sufficient amounts of mono-
mers and crosslinking agents in order to expand the tem-
perature width to develop the blue phase.

[0102] The low molecular liquid crystal material compos-
ing the composite liquid crystal composition is preferably,
but not particularly limited to, one that can develop the blue
phase between a cholesteric phase (a chiral nematic phase)
and an isotropic phase. Using such a material, the response
speed of the liquid crystal can be faster. Such a low
molecular liquid crystal material is, preferably, a material
that can develop the cholesteric phase (the chiral nematic
phase) either by having a molecular structure of biphenyl,
terphenyl, biphenyl cyclohexyl, or the like or by adding a
chiral material (a chiral dopant) and that can be selected
from materials whose spiral pitch length in the cholesteric
phase (the chiral nematic phase) is about 500 nm or less.
Such liquid crystals develop the cholesteric phase (the chiral
nematic phase) at a low temperature and develop the iso-
tropic phase at a temperature higher than that, while also
developing the blue phase within a small temperature zone
between the cholesteric phase (the chiral nematic phase) and
the isotropic phase. Various kinds of low molecular liquid
crystal materials may be mixed when used.

[0103] The pseudo-isotropic liquid crystal material used in
the embodiment is composed of the composite liquid crystal
composition (of the polymer network/low molecular liquid
crystal material) containing the low molecular liquid crystal
material and the polymer network.

[0104] The composite liquid crystal composition such as
this can be obtained as follows. That is, it can be obtained
by dispersing the monomers and the crosslinking agents in
the low molecule liquid crystal material and then carrying
out the polymerization reaction under the blue-phase hold-
ing temperature.

[0105] Whether or not the blue phase is held can be
confirmed by observing through a polarizing microscope
and measuring a reflection spectrum. That is, if the blue
phase is developed, blue and yellow-green platelets (small
plate-like structures) characteristic of the blue phase are
observed through the polarizing microscope, and the peak of
the reflection spectrum is observed at a wavelength of about
550 nm which relates to the yellow-green platelets.

[0106] The polymerization can be carried out by thermal
polymerization or photopolymerization, for example. How-
ever, in case of the thermal polymerization, there is a
limitation in the range at which the blue-phase holding
temperature overlaps with the polymerization temperature (a
heating temperature), and, further, the application of heat
may possibly change the configuration of the polymer
network. Thus, the photopolymerization utilizing ultraviolet
radiation is preferable. Further, at the time of polymeriza-
tion, it is preferable to disperse beforehand polymerization
initiators in addition to the monomers and the crosslinking
agents in the low molecular liquid crystal material in order
to speed up the polymerization. As the photopolymerization
initiator, various types of initiators such as acetophenone-,
benzophenone-, benzoin ether-, and thioxanthone-based ini-
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tiators can be used. More specifically, 2,2-dimethoxy-2-
phenylacetophenone can be used.

[0107] As thus described, in order to produce the liquid
crystal material (the pseudo-isotropic liquid crystal material)
composed of the composite liquid crystal composition, a
mixed solution of the monomers and the crosslinking agents
with addition of, if necessary, the polymerization initiators
and the chiral dopants, which are dispersed in the low
molecular liquid crystal material, is injected into appropriate
cells and then subjected to the polymerization reaction as
will be described below.

[0108] At first, the development of the blue phase is to be
confirmed by the polarizing microscope observation and/or
the reflection spectrum measurement by raising or lowering
the temperature of the sample (the mixed solution) before it
is subjected to the polymerization.

[0109] Next, the temperature of the sample is lowered or
raised from the temperature at which the blue phase devel-
opment was confirmed, and when it is confirmed that the
yellow-green luminance has weakened (by the polarizing
microscope observation and/or the reflection spectrum mea-
surement), the ultraviolet rays are radiated. Then, when the
yellow-green luminance of the platelets becomes stronger,
the ultraviolet radiation is temporarily stopped.

[0110] Thereafter, the temperature of the sample is again
raised or lowered. When the yellow-green luminance of the
platelet has weakened again, the ultraviolet rays are radiated,
and when the yellow-green luminance of the platelets
becomes stronger, the ultraviolet radiation is temporarily
stopped.

[0111] After repeating these operations, and after the blue-
phase developing temperature (the temperature at which the
yellow-green luminance of the platelets becomes strong)
approximately matches with the blue-phase developing tem-
perature of a single system of the low molecular liquid
crystal material, the sample is further irradiated with ultra-
violet for a certain period of time (e.g., one hour) to
complete the polymerization.

[0112] The operations just described are those of the
photopolymerization. In case of the thermal polymerization,
the polymerization can be conducted by similarly confirm-
ing the blue phase development by the polarizing micro-
scope observation and/or the reflection spectrum measure-
ment and by maintaining the system at temperatures at
which the polymerization reaction progresses.

[0113] The pseudo-isotropic liquid crystal material com-
posed of the composite liquid crystal composition obtained
by the described polymerization reaction exhibits a stable
blue phase within an extremely wide temperature range
(temperature width). For example, some of the liquid crystal
materials containing the polymer network that is formed
from the preferable acrylate-based monomers having the
alkyl group side chains can exhibit the blue phase at tem-
perature in the range between more than 60° C. below and
above the room temperature (15-25° C.). The obtained blue
phase development of the liquid crystal material can also be
confirmed by the same polarizing microscope observation
and the reflection spectrum measurement.

[0114] Thus obtained pseudo-isotropic liquid crystal mate-
rial is optically isotropic when the selective electric field is
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not applied and becomes optically aisotropic at a high speed
when the electric field is applied and can transmit and block
the light from a predetermined direction. Further, the
response speed is 10-100 pseconds.

Second Embodiment

[0115] In the following, the second embodiment of the
liquid crystal display device of the invention will be
described with reference to the drawings.

[0116] FIGS. 4A and 4B are pattern diagrams showing
the liquid crystal display device of the present embodiment.
FIG. 4A is a plan pattern diagram to explain the three
display regions corresponding to the three primary colors of
the liquid crystal display device of the embodiment. FIG.
4B is a cross-sectional pattern view of FIG. 4A. Further, for
simplicity’s sake, FIGS. 4A and 4B show an enlarged pixel
region, emphasizing specific portions and altering the ratios
of the film thickness, size, and the like of each constituent
element where necessary.

[0117] The liquid crystal display device of the first
embodiment is the reflection-type liquid crystal display
device (the color liquid crystal display device). In contrast,
the liquid crystal display device of the second embodiment
is the transmission-type liquid crystal display device (the
color liquid crystal display device), and the same embodi-
ment applies as the first embodiment, except that the elec-
trode composition differs from that in the first embodiment.
Accordingly, in FIGS. 4A and 4B, the same reference
numbers are given to the like constituent elements, and the
descriptions thereof will be omitted.

[0118] In the first embodiment, the reflection-type liquid
crystal display device employing the IPS electrode structure
was described. In the present embodiment, an example of
the transmission-type liquid crystal display device employ-
ing the electrode structure of a fringe-field switching (here-
inafter referred to as “FFS”) mode, which is a modified IPS
technology, will be described.

[0119] With the liquid crystal display device 1 of this
embodiment, a first electrode 60 composed of a transparent
conductive film such as an ITO is formed on the insulating
layer 12 in the TFT array substrate 10 and is electrically
connected to the pixel-switching TFT.

[0120] Further, on the first electrode 60, an intetlayer
insulating layer 15 composed of a light transmitting material
is formed. On the interlayer insulating layer 15, there is
formed a second electrode 70 composed of a transparent
conductive film such as an ITO having a film thickness of
around some thousand nanometers and having a plurality of
electrode fingers 70a that extend in a paper-surface pen-
etrating direction in FIG. 4B.

[0121] The liquid crystal display device 1 of the embodi-
ment employs the FFS mode electrode structure, in which
the second electrode 70 is laminated via the interlayer
insulating layer 15 at the upper part of the first electrode 60
in the TFT substrate 10. Thus, the liquid crystal is driven by
the lateral electric field F generated by the first and second
electrodes 60 and 70.

[0122] In addition, as the light source for the transmission
display, there is a backlight 40 outside the polarizing plate
17 which is formed in the TFT array substrate 10.
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[0123] Also, in the embodiment, it is structured in such a
manner that the amount of voltage applied between the pixel
electrode (the second electrode 70 (70a)) and the common
electrode (the first electrode 60) varies at each of the red,
green, and blue display regions. More specifically, the
voltages applied between the pixel and the common elec-
trode decreases in the order from the red, green, and blue
display regions. Having such a structure, the strength of the
electric field can be easily and reliably set different at each
of the red, green, and blue display regions (more specifically,
the strength of the electric field decreases in the order from
the red, green, and blue display regions). Further, because
the distance between the pixel electrode and the common
electrode can be approximately fixed in each display region,
it is easy to manufacture the liquid crystal display device.
Further, by setting the strength of the electric field to be
different at each display region, controllability improves,
and vivid color displays become possible since the lights do
not interfere with each other.

[0124] With the transmission-type liquid crystal display
device, the transmitted light intensity J becomes maximum
when Anxd=A/2 according to the previous equation (4).
Thus, with this liquid crystal display device, it is preferable
that the strength of the electric field is set as Anxd=A/2 for
each display region. This enables brighter displays.

[0125] More specifically, in the red display region, for
example, it is preferable that Anxd is about 310 nm, given
that A =630 nm. In the green display region, it is preferable
that Anxd is about 270 nm, given that =550 nm. Further,
in the blue display region, it is preferable that Anxd is about
220 nm, given that A =450 nm.

[0126] Having such a structure, the ECB-type liquid crys-
tal display device can stably exhibit a vivid display at each
display region, and, at the same time, the transmitted light
intensity can be particularly high. Further, the light utiliza-
tion efficiency can be improved, and the display can be
particularly bright. Furthermore, the high contrast display
can be obtained. Moreover, particularly high visibility can
be acquired.

[0127] Preferably, the distance between the second elec-
trode 70 (70a) and the first electrode 60 is, but not limited
to, about 2-8 pum, more preferably about 2-5 pm, and even
more preferably about 1-3 um.

[0128] As thus described, with the liquid crystal display
device of the invention, the so-called pseudo-isotropic liquid
crystal material that shows aisotropy upon application of the
electric field is used, and, further, the strength of the electric
field can be made suitably different at the red, green, and
blue display regions. Accordingly, the problems of light
utilization efliciency and visual angle dependency of the
conventional ECB-type liquid crystal display device can be
solved.

[0129] Further, because the liquid crystal display device of
the invention utilizes the pseudo-isotropic liquid crystal
material, it is not necessary to form an alignment film or to
carry out a rubbing process in the manufacture. As a
consequence, productivity of the liquid crystal display
device can be improved, and this leads to cost reduction.

[0130] Moreover, the liquid crystal display device 1
employs the lateral electric field system as described, and the
effect produced therefrom is good visibility from any view-
ing angles.
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[0131] Electronic Apparatus

[0132] Inthe following, an exemplary electronic apparatus
having the liquid crystal display device of the embodiment
will be described. FIG. 5 is a perspective diagram illustrat-
ing an example of a cellular phone. In FIG. 5, the reference
number 1000 indicates the cellular phone body, and the
reference number 1001 indicates a liquid crystal display
portion using the liquid crystal display device.

[0133] FIG. 6 is a perspective diagram illustrating an
example of a wristwatch type electronic apparatus. In FIG.
6, the reference number 1100 indicates the watch body, and
the reference number 1101 indicates a liquid crystal display
portion using the liquid crystal display device.

[0134] FIG. 7 is a perspective diagram illustrating an
example of a portable data processing apparatus such as a
word processor or a personal computer. In FIG. 7, the
reference number 1200 indicates a data processing appara-
tus; the reference number 1202 indicates an input portion
such as a keyboard; the reference number 1204 indicates the
data processing apparatus body; and the reference number
1206 indicates a liquid crystal display portion using the
liquid crystal display device.

[0135] Because the electronic apparatuses shown in FIGS.
5 through 7 are equipped with the liquid crystal display
portion using the liquid crystal display device of the embodi-
ments, they can have the wide visible angle and can exhibit
the bright and high quality display.

[0136] Descriptions have now been made of the invention
based on the preferred embodiments; however, the invention
1s not limited to these embodiments.

[0137] For example, in the embodiments, the exemplary
structure of the first electrode and the pixel-switching TFT
being electrically connected is described. However, another
structure is possible, in which the second electrode and the
pixel-switching TFT are electrically connected.

[0138] Further, the shape, size, etc. of each of the consti-
tuting elements such as the first electrode, second electrode,
data line, gate line, and the like as well as the number of the
electrode fingers are not limited to those described in detail

in the embodiments and can be suitably re-designed and
modified.

[0139] Moreover, in the embodiments, the liquid crystal
display device is described as one that does not have the
alignment films. However, the liquid crystal display device
may have the alignment films, for example, on the surface
sides facing the liquid crystal layer of the electrode. Further,
a layer (a passivation film) or the like may be disposed
between the electrode and the liquid crystal layer in order to
prevent the electrode and the liquid crystal material from
contacting each other. Having such a structure, the liquid
crystal material can be highly durable, and the liquid crystal
display device as a whole can be more reliable. A material
composing such a film is, for example, carbon oxide (e.g.,
SiO or Si02).

[0140] Additionally, it is described in the embodiments
that the liquid crystal display device does not include the
color filters. However, the liquid crystal display device may
include the color filters. By doing so, the ECB display can
have much purer colors. If the color filters are included, even
if they are relatively low in concentration (color concentra-
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tion), the effects as described above can be sufficiently
produced, and the light utilization efficiency can be satis-
factorily enhanced.

[0141] Further, in the embodiments, the exemplary of the
FFS mode electrode structure in which the second electrode
is laminated on the first electrode via the insulating layer is
described. However, other structures may be employed, such
as a structure in which the inter-electrode distance is made
shorter than the cell gap by using the same layer structure as
the IPS.

[0142] Furthermore, although the reflection-type liquid
crystal display device having the IPS mode electrode struc-
ture and the transmission-type liquid crystal display device
having the FFS mode electrode structure are described in the
embodiments, other structures are possible. For example, the
liquid crystal display device may be a transmission-type
liquid crystal display device having the IPS mode electrode
structure or be a reflection-type liquid crystal display device
having the FFS mode electrode structure. Further, the inven-
tion may be applied to a liquid crystal display device of other
modes such as a vertical alignment (VA) mode. Moreover,
the invention may also be applied to a semi-transmission
liquid crystal display device.

WORKING EXAMPLES
[0143] Manufacture of Liquid Crystal Material

[0144] As the photopolymerizable monomer, amorphous
2-ethylhexyl acrylate (2EHA) (manufactured by Aldrich
Chemical Company), hexyl acrylate (HA) (manufactured by
Aldrich Chemical Company), and 1,3,3-trimethylhexyl
acrylate (TMHA) (manufactured by Aldrich Chemical Com-
pany), and liquid crystalline 6-(4'-cyanobiphenyl-4-yloxy)
hexyl acrylate (6CBA) are used. As the crosslinking agent,
liquid crystalline diacrylate monomer (RM257) (manufac-
tured by Merck) is used. As the photopolymerization initia-
tor, 2,2-dimethoxy-2-phenylacetophenone (manufactured by
Aldrich Chemical Company) is used. As the low molecular
liquid crystal material, fluorine-based nematic-mixed liquid
crystal, JC-1041XX(7) (manufactured by Chisso Corpora-
tion), and cyanobiphenyl-based nematic liquid crystal, 4-cy-
ano-4'-pentylbiphenyl (5CB) (manufactured by Aldrich
Chemical Company), are mixed in equal mol. As the chiral
dopant, ZLI-4572(9) (manufactured by Merck) is used.

[0145] A mixed solution of the above-referenced constitu-
ents prepared at specified composition is injected into a
non-oriented sandwich type cell in an isotropic phase state
having the cell thickness of 14 um. Upon injection of each
sample, the cell is observed through the polarizing micro-
scope under crossed Nicol prisms, and, while confirming
that the BP (blue phase) is being held by following the
previously described methods, the polymerization is carried
out by irradiating the cell for more than 1 hour with
ultraviolet rays having the irradiation intensity of 1.5
mW.cm obtained from a metal halide lamp.

WORKING EXAMPLE 1

[0146] Using thus obtained pseudo-isotropic liquid crystal
material, the IPS mode reflection-type liquid crystal display
device identical to the liquid crystal display device shown in
FIG. 2 is manufactured.

[0147] In this case, the phase difference in the liquid
crystal layer is set as Anxd=A/4. The absorption axis of the
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polarizing plate is set to be in a direction 45° from the
longitudinal direction of the transparent electrode. Further,
the electrode finger width is set at 2 pm; the inter-electrode
distance at the red display region is set at 2 um; the
inter-electrode distance at the green display region is set at
4 um; and the inter-electrode distance at the blue display
region is set at 6 pm.

[0148] Further, 7.5V voltage is applied to this liquid
crystal display device to display a color image of a prede-
termined pattern. As a result, a high contrast and bright color
image was displayed.

WORKING EXAMPLE 2

[0149] Using the obtained pseudo-isotropic liquid crystal
material, the FFS mode transmission-type liquid crystal
display device identical to the liquid crystal display device
shown in FIG. 4 is manufactured.

[0150] In this case, the phase difference in the liquid
crystal layer is set as An’d=A/2. The absorption axis of the
polarizing plate is arranged parallel to the longitudinal
direction of the transparent electrode. The retardation plate
1s disposed at 15° from the longitudinal direction. Further,
the electrode finger width is set at 2 pm, and the inter-
electrode distance at the red, green, and blue display regions
are all set at 3 pm.

[0151] Further, with this liquid crystal display device, 6V
voltage is applied to the red display region; 4V voltage is
applied to the green display region; and 3V voltage is
applied to the blue display region so as to display a color
image of a predetermined pattern. As a result, a high contrast
and bright color image was displayed.

COMPARATIVE EXAMPLE 1

[0152] A liquid crystal display device is manufactured in
the same manner as in the working example 1, except that
nematic liquid crystals of positive dielectric anisotropy are
used.

[0153] Then, similarly to the working example 1, a color
image of a predetermined pattern is displayed using this
liquid crystal display device. As a result, the obtained image
had so-called blurs and no vivid color image could be
displayed.

COMPARATIVE EXAMPLE 2

[0154] A liquid crystal display device is manufactured in
the same manner as in the comparative example 1, except
that the inter-electrode distance (the distance between the
electrode finger of the first electrode and the adjacent
electrode finger of the second electrode) is fixed at each of
the display regions (red, green, and blue display regions) of
colors corresponding to the three primary colors and that
each display region of each color is provided with the
corresponding color filter. The inter-electrode distance (the
distance between the electrode finger of the first electrode
and the adjacent electrode finger of the second electrode) in
each display region of each color is 3 um.

[0155] Then, a color image of a predetermined pattern is
displayed similarly to the working example 1, except that the
applied voltage is set at 30V. As a result, the obtained image
was extremely dark and the contrast was insufficient.
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[0156] The entire disclosure of Japanese Patent Applica-
tion No. 2005-054822, filed Feb. 28, 2005 is expressly
incorporated by reference herein.

1. A liquid crystal display device, comprising:
a first substrate;
a second substrate;

a liquid crystal layer disposed between the first and
second substrates, the liquid crystal layer being opti-
cally isotropic when an selective electric field is not
applied, the liquid crystal layer being optically aisotro-
pic when an electric field is applied, a refractive index
of a material of the liquid crystal layer being changed
depending on a strength of an electric field,

a first pixel formed on the first substrate, the first pixel
having an first electric field strength; and

a second pixel formed on the first substrate, the second
pixel having an second electric field strength, the first
electric field strength and the second electric field
strength being different.

2. A liquid crystal display device, comprising:

a first substrate having a plurality of pixels, each of the
pixels having at least a pixel electrode and a common
electrode;

a second substrate;

a liquid crystal layer disposed between the first and
second substrates, the liquid crystal layer being opti-
cally aisotropic when a voltage is applied between the
pixel electrode and the common electrode, the liquid
crystal layer being optically isotropic when a voltage is
not applied between the pixel electrode and the com-
mon electrode, a refractive index of a material of the
liquid crystal layer being changed depending on a
voltage strength;

a first pixel formed on the first substrate, the first pixel
displaying a first color, the first pixel having at least a
first pixel electrode and at least a first common elec-
trode, the first pixel having a first distance between the
first pixel electrode and the common electrode; and

a second pixel formed on the first substrate, the second
pixel displaying a second color, the second pixel having
at least a second pixel electrode and at least a second
common electrode, the second pixel having a second
distance between the second electrode and the second
common electrode, the first distance and the second
distance being different.

3. The liquid crystal display device according to claim 1,
the first pixel displaying a first color, the second pixel
displaying a second color, the first color and the second color
being different.
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4. The liquid crystal display device according to claim 3,
at least a first portion of the liquid crystal layer being
overlapped with the first pixel, at least a second portion of
the liquid crystal layer being overlapped with the second
pixel, the first portion and the second portion having differ-
ent refractive indexes.

5. The liquid crystal display device according to claim 2,
a first portion of the liquid crystal layer being overlapped
with the first pixel, a first light of a first wavelength being
modulated by the first portion, a second portion of the liquid
crystal layer being overlapped with the second pixel, a
second light of a second wavelength being modulated by the
second portion, the first distance being larger than the
second distance, the first wavelength being shorter than the
second wavelength.

6. The liquid crystal display device according to claim 5,
the first color being blue and the second color being green.

7. The liquid crystal display device according to claim 1,
further comprising: a reflective film formed between the first
substrate and the liquid crystal layer, a portion of the liquid
crystal layer being overlapped with the reflective film, the
part of the liquid crystal layer having a optical phase
difference And, the optical phase difference And being
approximately A/4.

8. The liquid crystal display device according to claim 1,
a portion of the liquid crystal layer having a optical phase
difference And, the optical phase difference And being
approximately A/2.

9. The liquid crystal display device according to claim 1,
the liquid crystal layer including a pseudo-isotropic liquid
crystal.

10. The liquid crystal display device according to claim 1,
the liquid crystal layer including a composite liquid crystal
composition, the composite liquid crystal composition
including a low molecule liquid crystal material and a
polymer network, the polymer network being formed among
constituent molecules of the low molecule liquid crystal
material, and the polymer network being formed by poly-
merizing non liquid crystal monomers.

11. The liquid crystal display device according to claim
10, the low molecule liquid crystal material having a blue
phase between a cholesteric phase and an isotropic phase.

12. The liquid crystal display device according to claim
10, the non liquid crystal monomer being an acrylate-based
monomer that has an alkyl group as the side chain.

13. An electronic apparatus including the liquid crystal
display device according to claim 1.
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