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(57) ABSTRACT

On one of surfaces of each substrate, an electrode is pro-
vided. Then, alignment films, which have been subjected to
rubbing treatment, are provided on the respective electrodes
so that the alignment films covers the respective electrodes.
Moreover, on the other one of the surfaces of each substrate,
a polarizer is provided so that its absorption axial direction
matches with a rubbing direction of the corresponding
alignment film. The substrates face each other so that the
rubbing directions of the alignment films respectively pro-
vided on the substrates cross each other perpendicularly. A
medium having a negative type liquid crystalline property is
sealed between the substrates so as to form a material layer.
In this way, it is possible to improve contrast and to alleviate
coloring phenomenon in a display element in which trans-
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DISPLAY ELEMENT AND DISPLAY DEVICE

[0001] This Nonprovisional application claims priority
under 35 US.C. § 119(a) on Patent Applications Nos.
2004/008459 and 2005/006867 filed in Japan respectively
on Jan. 15,2004 and on Jan. 13, 2005, the entire contents of
which are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a display element
and display device having such excellent display properties,
such as high-speed response and a wide-view.

BACKGROUND OF THE INVENTION

[0003] Liquid crystal display elements are advantaged
over other display elements in terms of its thin thickness,
light weight, and low power consumption. The liquid crystal
display elements are widely used in image display appara-
tuses such as televisions, video cassette recorders, and the
like, and OA (Office Automation) apparatuses such as moni-
tors, word processors, personal computers, and the like.

[0004] Conventionally known liquid crystal display meth-
ods of the liquid crystal display elements are, for example,
the TN (Twisted Nematic) mode in which a nematic liquid
crystal is used, display modes in which FLC (Ferroelectric
Liquid crystal) or AFLC (Antiferroelectric Liquid crystal) is
used, a polymer dispersion type liquid crystal display mode,
and the like mode.

[0005] Among the liquid crystal display methods, for
example, the TN (Twisted Nematic) mode in which the
nematic liquid crystal is used is conventionally adopted in
the liquid crystal display elements in practical use. The
liquid crystal display elements using the TN mode have
disadvantages of slow response, narrow viewing angle, and
the like drawbacks. Those disadvantages are large hin-
drances for the TN mode to take over CRT (Cathode Ray
Tube).

[0006] Moreover, the display modes in which the FLC or
AFLC is used, are advantageous in their fast response and
wide viewing angles, but significantly poor in anti-shock
property and temperature characteristics. Therefore, the dis-
play modes in which the FLC or AFLC is used, have not
been widely used practically.

[0007] Further, the polymer dispersion type liquid crystal
display mode, which utilizes scattering of light, does not
need polarizer and is capable of performing highly bright
display. However, in principle, the polymer dispersion type
liquid crystal display mode cannot control the viewing angle
by using a phase plate (retardation film). Further, the poly-
mer dispersion type liquid crystal display mode has a
problem in terms of the response property. Thus, the poly-
mer dispersion type liquid crystal display mode is not so
advantageous over the TN mode.

[0008] In all those display methods, liquid crystal mol-
ecules are oriented in a certain direction and thus a displayed
image looks differently depending on an angle between a
line of vision and the liquid crystal molecules. On this
account, all those display methods have viewing angle
limits. Moreover, all the display methods utilize rotation of
the liquid crystal molecules, the rotation caused by appli-
cation of an electric field on the liquid crystal molecules.

Aug. 25, 2005

Because the liquid crystal molecules are rotated in alignment
all together, responses take time in all the display method.
The display modes in which the FLC and the AFLC are used,
are advantageous in the response speed and the viewing
angle, but have such a problem that their alignment would
be irreversibly destroyed by an external force.

[0009] On contrary to those display methods in which the
rotation of the molecules by the application of the electric
field is utilized, a display method in which the secondary
electro-optical effect is utilized.

[0010] The electro-optical effect is a phenomenon in
which a refractive index of a material is changed by an
external electric field. There are two types of the electro-
optical effect: one is an effect proportional to the electric
field and the other is proportional to the square of the electric
field. The former is called the Pockels effect and the latter is
called the Kerr effect. Especially the Kerr effect has been
adopted in high-speed optical shutters early on, and has been
practically used in a special measurement instruments. The
Kerr effect was discovered by J. Kerr in 1875. So far, organic
liquid such as nitrobenzene, carbon disulfide, and the like,
are known as material showing the Kerr effect. Those
materials are used, for example, in the aforementioned
optical shutters, and the like devices. Further, those mate-
rials are used for measurement of strength of high electric
fields for power cables and the like, and the like usage.

[0011] Later on, it was found that liquid crystal materials
have a large Kerr constant. Researches on basic technology
have been conducted to utilize the large Kerr constant of the
liquid crystal materials for use in light modulation devices,
light deflection devices, and further optical integrated cir-
cuit. It was reported that some liquid crystal compounds
have a Kerr constant more than 200 times higher than that
of nitrobenzene.

[0012] Under those circumstances, studies for utilization
of the Kerr effect in display apparatuses has been started. It
is expected that the utilization of the Kerr effect attains
relatively a low voltage driving because the Kerr effect is
proportional to the square of the electric field. Further, it is
expected that the utilization of the Kerr effect attains a
high-response display apparatus because the Kerr effect
shows a response property of several u seconds to several m
seconds, as its basic nature.

[0013] Incidentally, one of large practical problems to be
overcome for utilizing the Kerr effect in display elements is
that the utilization of the Kerr effect requires a larger driving
voltage compared with the conventional liquid crystal dis-
play elements. To solve this problem, Publication of Japa-
nese Patent Application, publication No. 2001-249363
(Tokukai 2001-249363; published on Sep. 14, 2001) (here-
inafter, referred to as Patent publication 1) teaches an art in
which a display element in which orientation of negative
type liquid crystalline molecules is carried out is provided
with substrates having a surface that have been subjected to
alignment treatment, in order that the Kerr effect may be
easily generated in the display element.

[0014] In the display element described in Patent Docu-
ment 1, the negative type liquid crystalline molecules are
provided between a pair of substrates. Here, the wording
“negative type” indicates that the liquid crystalline mol-
ecules shows negative dielectric anisotropy. Moreover, elec-
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trodes are provided respectively on inner sides of the sub-
strates. Alignment films which have been treated with
rubbing process are provided on the electrodes. Moreover,
on outers sides of the substrates, polarizers are so provided
that their absorption axes cross each other perpendicularly.
Moreover, rubbing directions of the alignment films pro-
vided on the electrodes are parallel and directed in the same
or opposite directions. Further, the rubbing directions make
45 degrees with the absorption axes of the polarizers.

[0015] In the display element of Patent Document 1 hav-
ing the above arrangement, an electric field (voltage) is
applied between the electrodes so as to generate the electric
field along a normal direction of the substrates. When the
electric field is applied, the polarized negative type liquid
crystalline molecules are oriented along an electric field
direction in such a manner that the molecules are so directed
that their major axial directions is parallel to the rubbing
direction (the electric field direction is a direction in which
an clectric field is applied). With this arrangement, the
display element of Patent Document 1 attain optical
response property in which its transmittance is increased by
the electric field application.

[0016] The display element disclosed in the publication 1
has such a problem that when no electric field is applied,
light leakage occurs thereby causing poor contrast, whereas
when the electric field is applied, coloring phenomenon is
caused.

SUMMARY OF THE INVENTION

[0017] The present invention is accomplished in view of
the aforementioned problem. An object of the present inven-
tion is to provide a display element in which transmittance
is changed by controlling orientational order of molecules,
and in which contrast is improved and coloring phenomenon
is alleviated, and a display device provided with the display
element.

[0018] A display element according to the present inven-
tion is, in order to attain the object, provided with a pair of
substrates, at least one of which is transparent; a material
layer between the substrates; a material layer between the
substrates; and alignment films respectively provided on
facing surfaces of the substrates. The display element per-
forming display operation by applying a field on the material
layer. The material layer has a medium being changeable in
a magnitude of its optical anisotropy by the field. The
alignment films have alignment directions that cross each
other perpendicularly.

[0019] The field (or force) in the above arrangement is not
particularly limited, provided that it can change the magni-
tude of the optical anisotropy of the medium. For example,
the field may be an electric field, magnetic field, light, or the
like.

[0020] Here, when the magnitude of the optical anisotropy
is changed, a shape of a refractive index ellipsoid is changed.
That is, in the display element according to present inven-
tion, it is possible to change the display state by utilizing the
change in the shape of the refractive index ellipsoid depend-
ing on whether the field is applied or not.

[0021] On the contrary, the display operation in the con-
ventional liquid crystal display element is carried out by
applying an electric field on a medium. In the conventional
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liquid crystal display element, the refractive index ellipsoid
is kept ellipsoidal regardless of whether the electric field is
applied or not. However, a major axial direction of the
refractive index ellipsoid (direction of the refractive index
ellipsoid) is changed (rotated) depending on whether the
electric field is applied or not. That is, in the conventional
liquid crystal display element, the display state is changed
by utilizing the change (rotation) of the major axial direction
of the refractive index ellipsoid (direction of the refractive
index ellipsoid) depending on whether the field is applied or
not.

[0022] 1In such a conventional liquid crystal display ele-
ment in which the change in the orientational direction of the
liquid crystal molecules is utilized, inherent viscosity of the
liquid crystal largely affects response speed of the conven-
tional liquid crystal display element. On the contrary, in the
above arrangement, the display operation is carried out by
utilizing the change in the magnitude of the optical anisot-
ropy of the medium. Therefore, unlike the conventional
liquid crystal display element, the above arrangement is free
from such problem that the inherent viscosity of the liquid
crystal largely affects response speed. Therefore, this
arrangement attains high-speed (fast) response. Moreover,
the high-speed response property allows the display element
of the present invention to be used in, for example, a display
device of field sequential color mode.

[0023] Moreover, according to this arrangement, phase
differences caused in the vicinity of the alignment films by
the alignment films, or phase differences caused by mol-
ecules adsorbed on the alignment films cross each other
perpendicularly. Thus, the phase differences cancel out each
other. Therefore, the phase differences make no contribution
to the transmittance (transmissivity). Because of this, it is
possible to attain high contrast.

[0024] Moreover, with this arrangement, it is possible to
orient the molecules of the medium in one twisting direction
when the field is applied or when no field is applied (that is,
the molecules are directed in different directions sequen-
tially from one substrate to the other). In this way, the
twisted structure is formed. As a result, it becomes possible
to suppress the coloring phenomenon caused by wavelength
dispersion of the refractive index of the molecules.

[0025] Therefore, with this arrangement, it is possible to
realize a display element in which transmittance is changed
by controlling orientational order of molecules, and in which
contrast is improved and coloring phenomenon is alleviated,
and a display device provided with the display element.

[0026] As the field to change the magnitude of the optical
anisotropy of the medium, the electric field is preferable for
the sake of easy designing and driving control of the display
element.

[0027] In order to attain the object, a display device
according to the present invention is provided with the
display element having this arrangement.

[0028] The display device thus arranged is provided with
the display element in which transmittance is changed by
controlling orientational order of molecules, and in which
contrast is improved and coloring phenomenon is alleviated,
and a display device provided with the display element. This
display device is advantageous in that contrast is improved
and the coloring phenomenon is alleviated.
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[0029] The high-speed response property of the display
element according to the present invention allows the dis-
play element to be used in a display device of field sequen-
tial color mode.

[0030] For a fuller understanding of the nature and advan-
tages of the invention, reference should be made to the
ensuing detailed description taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1(a) is a schematic cross sectional view for
explaining orientation of molecules in a display element
according to one embodiment of the present invention when
no electric field is applied.

[0032] FIG. 1(b) is a schematic cross sectional view for
explaining orientation of molecules in the display element
according to the embodiment of the present invention when
an electric field is applied.

[0033] FIG. 2 is a cross sectional view schematically
illustrating an arrangement of the display element according
to the present invention.

[0034] FIG. 3 is a view for explaining rubbing directions
of alignment films and absorption axial directions of polar-
izers in the display element according to the embodiment of
the present invention.

[0035] FIG. 4 is a view for explaining rubbing directions
of alignment films and absorption axial directions of polar-
izers in a comparative display.

[0036] FIG. 5(a) is a schematic cross sectional view for
explaining orientation of molecules in the comparative dis-
play element when no electric field is applied.

[0037] FIG. 5(b) is a schematic cross sectional view for
explaining orientation of molecules in the comparative dis-
play element when an electric field is applied.

[0038] FIG. 6 is a view for explaining differences in
display principle between the display element according to
the embodiment of the present invention, and conventional
liquid crystal display elements.

[0039] FIG. 7 is a block diagram for schematically illus-
trating an arrangement of essential parts of a display device
in which the display element according to the present
invention is used.

[0040] FIG. 8 is a view schematically illustrating an
arrangement of periphery of the display element used in the
display device illustrated in FIG. 7.

DESCRIPTION OF THE EMBODIMENTS

[0041] An embodiment of the present invention is
described below referring to drawings. FIG. 2 is a cross
sectional view schematically illustrating an arrangement of
a display element (present display element) according to the
present embodiment. The present invention is not limited to
the arrangement mainly discussed in the present embodi-
ment. In the arrangement, display operation is carried out by
using a medium that is optically isotropic in dependence
upon application of an electric field (e.g., voltage), e.g.,
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being isotropic either when the electric field is applied or is
not applied. The term “medium” encompasses a liquid
crystalline medium, a liquid crystal material, a liquid crystal
mixture, and a dielectric material or layer, or any similar
terms or derivations thereof, all such terms being used
essentially interchangeabley but more often simply referred
to as “medium” in being “optically isotropic” is meant that
the medium is at least macroscopically isotropic in the
visible light wavelength region (i.e., in a scale equal to or
larger than a wavelength scale of the visible light). In licu of
such a medium that is optically isotropic when the electric
field (field) is applied, or when no electric field (field) is
applied, the present invention may use a medium that is
optically anisotropic when no electric field is applied and a
magnitude of the optical anisotropy is changed by and
according to the electric field applied thereon.

[0042] The display element according to the present
embodiment is used by being provided in the display device.
A driving circuit, signal lines (data signal lines), scanning
lines (scanning signal lines), switching element or the like
are also provided in the display device. FIG. 7 is a block
diagram schematically illustrating essential portions of the
display device in which the present display element is used.
FIG. 8 is a view schematically illustrating an arrangement
of periphery of the present display element (display element
20) used in the display device illustrated in FIG. 7.

[0043] As illustrated in FIG. 7, a display device 100
according to the present embodiment is provided with (a) a
display panel 102 in which pixels 10 are arranged in matrix,
(b) a source driver 103 and gate driver 104, which function
as driving circuits, and (c) a power supplying circuit 106, (d)
and the like.

[0044] Each pixel 10 is, as illustrated in FIG. 8, provided
with a present display element (display element 20) and a
switching element 21.

[0045] Moreover, the display panel 102 is provided with a
plurality of data signal lines SL1 to SLn (n is an arbitral
integer not less than 2) and a plurality of scanning lines GL1
to GLm (m is an arbitral integer not less than 2), which
respectively cross the data signal lines SL1 to SLn. Corre-
sponding to each intersection of the data signal lines SL1 to
SLn and the scanning signal lines GL1 to GLm, the pixels
10 are respectively provided.

[0046] The power supplying circuit 106 supplies a voltage
to the source driver 103 and the gate driver 104 in order to
cause the display panel 102 to perform display operation.
When the voltage is supplied, the source driver 103 drives
the data signal lines SL1 to SLn of the display panel 102 and
the gate driver 104 drives the scanning signal lines GL1 to
GLm of the display panel 102.

[0047] The switching element 21 may be, for example, an
FET (Field Effect Transistor), a TFT (Thin Film Transistor),
or the like. In FIG. 8, the switching element 21 is connected
to the scanning signal lines GLi via its gate electrode 22, and
to data signal line SLi via its source electrode 23. Further,
the switching element 21 is connected to the display element
20 via its drain electrode 24. Moreover, another terminal of
the present display element 20 is connected to a common
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electrode line (not illustrated), which is commonly con-
nected to all the pixels 10. With this arrangement, the
switching element 21 is turned ON so as to supply a signal
voltage to the display element 20 via the data signal line SLi
(i is an integer not less than 1) from the source driver 103
when the scanning signal line GLi (1 is an integer not less
than 1) is selected, the signal voltage determined in accor-
dance with a display data signal inputted from a controller
(not illustrated). During a period in which the switching
element 21 is turned OFF after an end of a period in which
the scanning signal line GLi is selected, the display element
20 ideally keeps the voltage that it holds when the turning-
OFF of the display element 20 is carried out.

[0048] As illustrated in FIG. 2, the present display ele-
ment is so arranged that a dielectric material layer (diclectric
liquid layer) 3 is provided between two transparent sub-
strates (substrates 1 and 2) that face each other. The dielec-
tric material layer is an optical modulation layer. On facing
surfaces (internal surfaces) of the substrates 1 and 2, elec-
trodes (transparent electrodes) 4 and 5 are provided respec-
tively. The electrodes 4 and 5 are electric field applying
means for applying an electric field on the dielectric material
layer 3. Further, the alignment films 8 and 9 are respectively
provided over the electrodes 4 and 5 on the internal surfaces
of the substrates 1 and 2. Moreover, on outer surfaces (which
are opposite to the facing surfaces) of the substrates 1 and 2,
polarizers 6 and 7 are respectively provided.

[0049] The substrates 1 and 2 are glass substrates. More-
over, a gap between the substrates in the present display
element, that is, a thickness of the dielectric material layer
3is 5 um. Moreover, the electrodes 4 and 5 are made of ITO
(Indium Tin Oxide).

[0050] FIG. 3 is a view for explaining rubbing directions
of the alignment films 8 and 9, and absorption axial direction
of the polarizers 6 and 7. As illustrated in FIG. 3, rubbing
treatment (alignment treatment) of the alignment films 8 and
9 is so performed that the rubbing directions (alignment
directions) of the alignment films 8 and 9 cross each other
perpendicularly. The alignment films 8 and 9 are made of
polyimide.

[0051] Moreover as illustrated in FIG. 3, the polarizers 6
and 7, whose respective absorption axes cross each other
perpendicularly, are arranged such that the absorption axial
direction of the polarizer 6 and the rubbing direction of the
alignment film 8 are parallel (the absorption axial direction
of the polarizer 6 and the rubbing direction of the alignment
film 8 are identical), and that the absorption axial direction
of the polarizer 7 and the rubbing direction of the alignment
film 9 are parallel. The polarizers 6 and 7 may be arranged
such that the absorption axial direction of the polarizer 6 and
the rubbing direction of the alignment film 9 are parallel, and
that the absorption axial direction of the polarizer 7 and the
rubbing direction of the alignment film 8 are parallel.

[0052] The dielectric material layer 3 is formed by sealing
a negative type liquid crystalline mixture (medium) between
the substrates 1 and 2. The negative type liquid crystalline
mixture contains a compound 1-1 (30 wt %), a compound
1-2 (40 wt %) and a compound (30 wt %). The compounds
1-1, 1-2, and 1-3 are respectively represented by:
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compound 1-1

F

(30 wt %)

compound 1-2

F

(40 wt %)

compound 1-3

GsHyy

F

(30 wt %)

[0053] Here, how to manufacture the present display ele-
ment is described. To begin with, the electrodes 4 and 5 are
respectively formed on surfaces of the substrates 1 and 2.
The formation of the electrodes 4 and 5 may be carried out
in the same manner as conventional manufacturing method
of liquid crystal display element.

CHys

[0054] Next, the alignment film 8 is formed on the sub-
strate 1 such that the alignment film 8 covers the electrode
4, whereas the alignment film 9 is formed on the substrate
2 such that the alignment film 9 covers the electrode 5. The
alignment films 8 and 9 have been subjected to the rubbing
treatment. Moreover, the rubbing directions of the alignment
films 8 and 9 cross each other perpendicularly.

[0055] Moreover, the polarizers 6 and 7 are stuck onto
those surfaces of the substrates 1 and 2 which are opposite
to the surfaces thereof on which the electrodes 4 and § are
respectively formed. The polarizers 6 and 7 are stuck onto
the surfaces such that the absorption axes of the polarizers
6 and 7 cross each other perpendicularly, and the absorption
axial directions of the polarizers 6 and 7 are necessarily
identical with either the rubbing direction of the alignment
film 8 or that of the alignment film 9.

[0056] Next, the substrates 1 and 2 are assembled together
with a gap (thickness of the dielectric material layer 3) of 5
um therebetween formed by interposing a spacer (not illus-
trated) therebetween. The spacer can be, for example, plastic
beads or the like. A scaling material (not illustrated) is
applied around the edges of the assembled substrates,
thereby sealing off the edges and fixing the assembling. In
applying the sealing material, a portion that will be an inlet
for injecting the dielectric material (dielectric liquid) is not
sealed off but kept open. The spacer and the sealing material
are not limited to particular materials. Materials that are
conventionally used for the liquid crystal display element
are applicable as the materials of the spacer and the sealing
material.

[0057] After assembling the substrates 1 and 2 as such, the
medium is injected into the gap between the substrates 1 and
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2). The medium is a mixture of the negative type liquid
crystalline mixture. The negative type liquid crystalline
mixture contains the compound 1-1 (30 wt %), the com-
pound 1-2 (40 wt %), and the compound 1-3 (30 wt %). The
negative type liquid crystalline mixture shows a negative
type nematic liquid crystal phase at temperatures less than
113° C., and shows an isotropic phase at temperatures not
less than 113° C.

[0058] Transmittance of the present display element thus
prepared could be changed by applying an electric field
between the electrodes 4 and 5, while the present display
element being kept at a temperature near above a nematic
phase-isotropic phase transition point Tni (that is, at a
temperature slightly above Tni, for example, at Tni+0.1 K)
by using an externally provided heating device. That is, the
transmittance of the dielectric material layer 3 could be
changed by applying the electric field between the electrodes
4 and 5 when the medium of the dielectric material layer 3
was caused to be isotropic by keeping the medium at the
temperature slightly above the liquid crystal phase-isotropic
phase transition point (Tni) of the medium.

[0059] Moreover, a maximum contrast of the present
display element was 500. Here, the maximum contrast is a
value obtained by dividing the maximum transmittance by a
minimum transmittance (transmittance attained when no
electric field is applied). That is, the maximum contrast=the
maximum transmittance/minimum transmittance. Moreover,
coloring phenomenon occurred in the present display ele-
ment was almost unnoticeable, even when the electric field
is applied.

[0060] On the other hand, for making a comparison with
the present display element, a comparative display element
was prepared, which was made similarly to the present
display element except that the rubbing directions of the
alignment films 8 and 9 in the comparative display element
are arranged differently from in the present display element.
FIG. 4 illustrates that the rubbing directions of alignment
films 8 and 9 and absorption axial directions of polarizers 6
and 7 in the comparative display element.

[0061] As illustrated in FIG. 4, in the comparative display
element, the rubbing directions of the alignment films 8 and
9 are parallel but in opposite directions. In this case, electric
field application causes molecules of a medium of the
dielectric material layer 3 to orient such that the molecules
near the substrates are oriented in one direction thereby
causing a homogeneous structure.

[0062] Moreover, as illustrated in FIG. 4, the comparative
display element is arranged such that the rubbing directions
of the alignment films 8 and 9 make 45 degrees with the
absorption axial directions of the polarizers 6 and 7. The
absorption axial directions of the polarizers 6 and 7 cross
each other perpendicularly.

[0063] In the comparative display element thus prepared,
the transmittance was also changeable by and according to
applying the electric field between the electrodes while
keeping the medium at a temperature near the nematic-
isotropic phase transition point by using an externally pro-
vided heating device.

[0064] However, a maximum contrast of the comparative
display element was 250, which is lower than that of the
present display element. Moreover, in the comparative dis-
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play element, coloring phenomenon in which a display
surface became yellowish was observed when the electric
field was applied.

[0065] Moreover, the present display element according to
the present embodiment attains a higher contrast than the
comparative display element. This is because the lowest
transmittance (transmittance attained when no electric field
is applied) is higher in the comparative display element than
in the present display element. Because the lowest transmit-
tance is higher in the comparative display element, light
leakage is caused in the comparative display element when
no electric field is applied. Specifically, there are two causes
for the light leakage in the comparative display element
when no electric field is applied, thereby causing the lower
contrast. The two causes are:

[0066] 1. phase difference that the rubbed alignment
films cause; and

[0067] 2. phase difference that the molecules adhered
on the alignment films cause.

[0068] On the other hand, the light leakage due to these
causes will not occur in the present display element. The
reason is as follows: Even if it occurs, the phase difference
occurs in the vicinities of the alignment films (in the
vicinities of the substrates). In the present display element,
the phase difference occurred in the vicinities of the sub-
strates will not contribute to the transmittance when no
electric field is applied, because the rubbing directions of the
alignment films 8 and 9 are perpendicular or parallel to the
absorption axes of the polarizers 6 and 7.

[0069] Moreover, the coloring phenomenon occurred in
the present display element according to the present embodi-
ment is unnoticeable, while the coloring phenomenon
occurred in the comparative display element is noticeable.
This is because the molecules in the present display element
are oriented in the twist structure meanwhile, in the com-
parative display element, the molecules are oriented in the
homogeneous structure in which the molecules are oriented
in one direction. That is, it is considered that the coloring
phenomenon is due to the wavelength dispersion caused by
the refractive index of the molecules. It is hypothesized that
the arrangement in which the molecules are oriented in the
twist structure as in the present display element is less
susceptible to the wavelength dispersion than the homoge-
neous structure as in the comparative display element.

[0070] The following explains, in detail, the difference in
the molecular orientation between the present display ele-
ment and the comparative display element, referring to
FIGS. 1(a), 1(b), 5(2), and 5(b). FIG. 1(a) is a schematic
cross sectional view for explaining the orientation of the
molecules in the present display element when no electric
field is applied. FIG. 1(b) is a schematic cross sectional view
for explaining orientation of the molecules in the present
display element when the electric field is applied. FIG. 5(a)
is a schematic cross sectional view for explaining orientation
of the molecules in the comparative display element when
no electric field is applied. FIG. 5(b) is a schematic cross
sectional view for explaining orientation of the molecules in
the comparative display element when the electric field is
applied.

[0071] As illustrated in FIG. 1(a), in the present display
element, the molecules in the vicinity of the surface of one
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substrate (alignment film) (that is, the molecules adhered on
the surface of the substrate) are oriented in a direction along
the rubbing direction of the one substrate and perpendicular
to a direction (that is, rubbing direction of the other sub-
strate) in which the molecules in the vicinity of the surface
of the other substrate (the other alignment film) (that is, the
molecules adhered on the surface of the other substrate) are
oriented. Moreover, as illustrated in FIG. 1(b), when the
electric field is applied, the major axial directions of the
molecules are oriented parallel to the surfaces of the sub-
strates and arranged in a helical structure.

[0072] On the other hand, as illustrated in FIG. 5(a), in the
comparative display element, the molecules in the vicinities
of the substrates (alignment films) are oriented parallel to
each other along the rubbing directions of the substrates
when no electric field is applied. Moreover, as illustrated in
FIG. 5(b), when the electric field is applied, the major axial
directions of the molecules are oriented parallel to the
surfaces of the substrates and in one direction. That is, in the
comparative display element, the electric field application
causes the molecules to be oriented in a homogeneous
structure.

[0073] As described above, the molecules are oriented in
the twisted structure in the present display element. There-
fore, the present display element is less susceptible to
wavelength scattering of the refractive index, and thus it is
possible to suppress the coloring phenomenon in the present
display element. In the present display element, there are
leftward twisted structure and rightward twisted structure,
and thus multi-domains are formed. Thus, the transmittance
is low in boundaries between the domains.

[0074] In view of this, the present display element may be
arranged such that a chiral agent is added in the medium for
the dielectric material layer 3 in advance. The chiral agent in
the medium causes the medium to have only one of the
leftward twisted structure and rightward twisted structure,
thereby attaining better transmittance.

[0075] Alternatively, the present display element may be
arranged such that the medium (dielectric liquid) of the
dielectric material layer 3 is chiral itself (a chiral material).
This arrangement also causes the medium to have only one
of the leftward twisted structure and rightward twisted
structure, thereby attaining better transmittance.

[0076] Moreover, in the present display element, the rub-
bing directions of the alignment films 8 and 9 cross each
other perpendicularly, and respectively identical (parallel)
with the respective absorption axial directions of the polar-
izers 6 and 7. However, the present invention is not limited
to these arrangement. As long as the rubbing directions of
the alignment films 8 and 9 cross each other perpendicularly,
the contrast can be improved.

[0077] Specifically speaking, as long as the rubbing direc-
tions of the alignment films 8 and 9 cross each other
perpendicularly, the phase differences occurred in the vicini-
ties of the substrates when no electric field is applied, that is,
the phase difference caused by the rubbed alignment films
and the phase difference caused by the molecules adhered on
the alignment films cross each other perpendicularly and
thus cancel out each other. As a result, the phase differences
do not contribute to the transmittance.

[0078] However, perfect effect cannot be obtained if the
magnitudes of the phase differences occurred in the respec-
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tive vicinities of the substrates are utterly identical. For
example, if the alignment films are different in thickness or
rubbing strength, the light leakage cannot be prevented
perfectly, thereby causing lower contrast. Thus, for ensuring
the prevention of the light leakage, it is preferable that the
rubbing directions of the alignment films 8 and 9 be respec-
tively identical with the absorption axial directions of the
polarizers 6 and 7. With this arrangement, it is possible to
further improve the contrast.

[0079] Moreover, even thought the present display ele-
ment is so arranged that the substrates 1 and 2 are glass
substrates, the present invention is not limited to this
arrangement, provided that at least one of the substrates 1
and 2 is transparent. Further, even though the gap between
the substrates 1 and 2 is 5 ym in the present display element,
the gap is not limited to this arrangement, and may be
arbitrarily set in the present invention. However, it is pref-
erable that a product of An and d be such a value that allows
a maximum light utilization efficiency in perpendicular
twisted orientation mode (that is, TN mode), where An is the
refractive anisotropy of the liquid crystalline medium and d
is the thickness of the dielectric material layer. Specifically,
it is preferable that the phase difference (Anxd) occurred in
the isotropic phase temperature range be such that 350
(nm) = Anxd £650 (nm). Here, it is desirable that the refrac-
tive anisotropy An be a value measured at a temperature
closer to a temperature at which the isotropic phase appears.
For the refractive anisotropy An, as described above, it is
only required that the refractive anisotropy An be a value
measured at 550 nm when the medium is in the nematic
phase. However, it is preferable that the refractive anisot-
ropy An be a value measured at the temperature closer to the
temperature at which the isotropic phase appears. The
refractive anisotropy An be a value measured at such a
temperature that is closer to the temperature Tni (K) at
which the isotropic phase appears, for example, at TK
(Tk(K)=Tni (K)-5 (K)) for ensuring that the medium has the
nematic phase. Moreover, in the embodiment the electrodes
4 and 5 are made of ITO. However, the present invention is
not limited to this arrangement, provided that at least one of
the electrodes 4 and 5 is made of a transparent electrode
material.

[0080] Moreover, even though the present display element
is so arranged that the alignment films 8 and 9 made of
polyimide are provided, the present invention is not limited
to this arrangement. For example, alignment films made of
polyamic acid may be used in the present invention. Or,
polyvinylalcohol, silane coupling agent, polyviniycin-
namete, or the like may be used in the present invention. In
case where polyamic acid or polyviniyalcohol is adopted,
polyamic acid or polyviniyalcohol is applied (embrocated)
on the substrates so as to form the alignment films and then
the alignment films thus formed are rubbed. Moreover, in
case where the silane coupling agent is used, a pulling
method may be adopted to prepare the alignment films, as in
an LB film. Moreover, in case where polycinnamate is used,
polycinnamate is embrocated applied (embrocated) on the
substrates so as to form the alignment films and then the
alignment films thus formed are subjected to UV (ultra
violet) radiation.

[0081] Moreover, the medium for the dielectric material
layer 3 in the present embodiment is not limited to the
mixture exemplified above. However, it is preferable that the
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medium for the dielectric material layer 3 be rod-like
molecules having a negative dielectric anisotropy. That is, 1t
is preferable that the medium for the dielectric material layer
3 be such rod-like molecules that its dielectric constant in
molecular major axial direction is smaller than its dielectric
constant in molecular miner axial direction (dielectric con-
stant in molecular major axial direction<dielectric constant
in molecular miner axial direction).

[0082] That is, it is more preferable that the medium for
the dielectric material layer 3 be a material made from a
liquid crystal compound or be a medium that contains the
liquid crystalline compound. Here, the “liquid crystalline
compound” refers to a compound that shows liquid crystal
phase, such as nematic phase, smectic phase, or the like, at
low temperatures. Moreover, it is especially preferable that
the medium for the dielectric material layer 3 be a medium
made from a negative type liquid crystalline compound, or
a medium containing the negative type liquid crystalline
compound.

[0083] Moreover, the medium for the dielectric material
layer 3 may be a compound liquid crystalline simple sub-
stance) that solely shows the liquid crystal property, or a
mixture that shows its liquid crystalline property when a
plurality of substance are mixed together. Further, the liquid
crystalline material may be a mixture of (a) such liquid
crystalline simple substance or such liquid crystalline mix-
ture, and (b) a non-liquid crystalline material.

[0084] Any medium may be used as the medium for the
dielectric material layer 3. Examples of the medium having
the negative dielectric anisotropy includes a mixture of,
among from the liquid crystalline materials described in
aforementioned Patent Publication (Tokukai, No. 2001-
249363), 3HPFF, SHPFF, and 7HPFF. (the mixture is
referred to as a negative type liquid crystalline mixture (3)).
The “3HPFF” refers to 12-diftuoro-4-[trans-4-(trans-4-n-
propyleyclohexyl) cyclohexyl]benzene. The “SHPFE” refers
to 1,2-difluoro-4-[ trans-4-(trans-4-n-pentyleyclohexyl)
cyclohexyl]benzene. The “7HPFE” refers to 1,2-difluoro-4-
[trans-4-(trans-4-n-pentylcyclohexyl) cyclohexyl]benzene.
Or, a medium prepared by mixing a liquid crystalline
material of these kinds in a solvent.

[0085] Moreover, the medium for the dielectric material
layer 3 may be a medium that is substantially optically
isotropic when no electric field is applied, and in which
optical modulation is induced by electric field application.
That is, typically, the medium may be a material (medium)
in which a orientational order parameter of the molecules or
the molecular agglomerations (clusters) is increased (from a
level of orientational order parameter attained when optical
modulation has been already caused) by the electric field
application.

[0086] Moreover, in the present invention, the medium for
the dielectric material layer 3 may be, for example, a
material that has an orderly structure (orientational order)
smaller than the wavelength of light, and that can have a
liquid phase that appears isotropic optically but has a
negative dielectric anisotropy. Further, the medium may be
a system in which the molecules (liquid crystal molecules)
form agglomerations (molecular agglomerations, clusters)
in which they are oriented radiately in a size smaller than
wavelength of light so that the system seems to be optically
isotropic. By applying the electric field on such the medium
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(material, system, or the like), micro structures of the
molecules or the molecular agglomerations (clusters) are
distorted thereby inducing the optical modulation. More-
over, again in case where any of these media is used, the
orientation of the molecules can be promoted by arranging
such that the medium contains an orientation auxiliary
material. By promoting the orientation of the molecules, it
becomes possible to drive the display element with a low
voltage.

[0087] The medium may be, for example, a mixture sys-
tem of 3HPFF, SHPFF, and 7HPFF. This mixture system has
a negative dielectric anisotropy.

[0088] As described above, the mixture system of 3HPFF,
SHPFF, and 7HPFF is transparent because it has an orderly
structure smaller than the optical wavelength. That is, the
mixture system is optically isotropic when no electric field
is applied. Therefore, by arranging the present display
element according to the present embodiment to adopt this
mixture system therein, the present display element becomes
possible to perform good black display with crossed nicols
configuration.

[0089] On the other hand, by applying a voltage (electric
field) between the electrodes 4 and 5 while keeping the
temperature of the mixture system within the temperature
range in which the mixture system is optically isotropic, the
structure that shows the optical isotropy is distorted thereby
causing the optical anisotropy. That is, the mixture system is
optically isotropic when no electric field is applied, but
becomes optically anisotropic by electric field application.

[0090] The present display device having this arrangement
is capable of performing good white display because the
structure that shows the optical isotropy is distorted by the
electric field application thereby causing birefringence. The
birefringence occurs in a constant direction and its magni-
tude is changeable according to the electric field application.
Moreover, a voltage-transmittance curve that represents the
relationship between the voltage applied between the elec-
trodes 4 and 5, and the transmittance becomes a stable curve.
That is, in the display element having this arrangement, and
the display device provided with the display element, it is
possible to attain a stable voltage-transmittance curve within
the temperature range at which the mixture system is opti-
cally isotropic when no electric field is applied. Thus, in the
display element having this arrangement, and the display
device provided with the display element, temperature con-
trol is very easy.

[0091] The following explains difference in terms of dis-
play principle between the liquid crystal display elements of
conventional display modes and the present display element
according to the present embodiment in which the medium
is such that the optical anisotropy of the molecules are
changeable by and according to the electric field application,
like the mixture system.

[0092] FIG. 6 is a diagram for explaining the difference in
the display principle between the liquid crystal elements of
the conventional display modes and the present display
element in which the mixture system is used. FIG. 6
schematically illustrates shapes and directions of refractive
ellipsoids when the electric field is applied and when no
electric field is applied. FIG. 6 depicts the display principles
of the TN (Twisted Nematic) mode, VA (Vertical Alignment)
mode, IPS (In Plane Switching) mode as the conventional
display modes.
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[0093] As illustrated in FIG. 6, the liquid crystal display
element of the TN mode is arranged as follows: a liquid
crystal layer is sandwiched between a pair of substrates that
face each other. On the substrates, transparent electrodes
(electrodes) are respectively provided. When no electric
field is applied, major axial directions of liquid crystal
molecules are in a helical orientation in the liquid crystal
layer. When the electric field is applied, the major axial
directions of the liquid crystal molecules are oriented along
an electric field direction.

[0094] In this case, when no electric field is applied an
average refractive ellipsoid is oriented in such a manner that
its major axial direction is parallel to the substrate surface
(substrate in-plane direction), as illustrated in FIG. 6. When
the electric field is applied, the major axial direction is
oriented along the substrate normal direction, as illustrated
in 6. That is, the refractive ellipsoid makes almost no change
in (does not substantially change) its shape depending on
whether the electric field is applied or not. However, the
refractive ellipsoid changes its major axial direction (the
refractive ellipsoid is rotated) depending on whether the
electric field is applied or not.

[0095] As illustrated in FIG. 6, the liquid crystal display
element of VA mode is arranged as follows: a liquid crystal
layer is sandwiched between a pair of substrates that face
cach other. On the substrates, transparent electrodes (elec-
trodes) are provided respectively. When no electric field is
applied, major axial directions of liquid crystal molecules
are oriented substantially perpendicular to a substrate sur-
face. When a electric field is applied, the major axial
directions of the liquid crystals directions are oriented along
a direction perpendicular to an electric field. When no
electric field is applied, the average refractive ellipsoid in
this case is, as illustrated in FIG. 6, directed in such a
manner that its major axial direction is along the normal
direction of the surfaces of the substrates. When the electric
field is applied, however, the average refractive ellipsoid is
directed in such a manner that its major axis is parallel to the
surfaces of the substrates. That is, the shape of the refractive
ellipsoid is ellipsoidal regardless of whether the electric field
is applied or not. However, the major axial direction of the
average refractive ellipsoid is changed (the average refrac-
tive ellipsoid is rotated) between when the electric field is
applied and when no electric field is applied, whereas the
shape of the refractive ellipsoid is not changed substantially.

[0096] Moreover, as illustrated in FIG. 6, the liquid crys-
tal display element of IPS mode is arranged as follows: On
a substrate, a pair of electrodes are provided in such a
manner that they face each other. A liquid crystal layer is
sandwiched between the substrate and a substrate that is not
illustrated here. An electric field is applied across the liquid
crystal layer by using the electrodes, thereby changing
orientational directions of liquid crystal molecules (major
axial direction of a refractive ellipsoid) in the liquid crystal
layer. In this way, display state is changed between when no
electric field is applied and when the electric field is applied.
That is, again in the case of the liquid crystal display element
of IPS mode as in the liquid crystal display elements of TN
mode and VA mode, the refractive ellipsoid makes almost no
change (does not substantially change) in its shape depend-
ing on whether the electric field is applied or not as illus-
trated in FIG. 6, whereas the refractive ellipsoid changes its
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major axial direction (the refractive ellipsoid is rotated)
depending on whether the electric field is applied or not.

[0097] As described above, the conventional liquid crystal
display elements are arranged such that the liquid crystal
molecules are oriented along a certain direction (typically in
one direction) even when no electric field is applied, and that
display operation (modulation in transmittance) is carried
out by changing the orientational directions of the molecules
together at once by applying the electric field. That is, in the
conventional liquid crystal display element, display opera-
tion is carried out by utilizing rotation (change) of the
direction (major axial direction) of the refractive ellipsoid,
whose shape is not changed substantially. In other words, the
conventional liquid crystal display element is so arranged
that the orientational order parameter of the liquid crystal
molecules is substantially constant, and that the display
operation (modulation in transmittance) is carried out by
changing the orientational direction.

[0098] On the contrary to those conventional display
modes, the molecules are directed in many directions when
no electric field is applied, in the present display element in
which a mixture system of 3HPFE, SHPFF, and 7HPFF is
used. However, their molecules have the order (orderly
structure, orientational order) smaller than the wavelength
scale of light and thus do not cause the optical anisotropy
(orientational order parameter=0 in the scale equal to or
larger than the visible light. Thus, as illustrated in FIG. 6,
when no electric field is applied, the refractive ellipsoid of
the molecules has a spherical shape unlike the conventional
liquid crystal display element.

[0099] However, when the electric field is applied, the
respective molecules that have negative dielectric anisot-
ropy are oriented along in-plane directions of the substrates
(directions parallel to the substrates), thereby changing the
orientation state of the molecules. Morcover, at the same
time, the orderly structure smaller than the light wavelength
is distorted, thereby causing the optical anisotropy (the
orientational order parameter>0 in the scale equal to or
larger than the visible light). The major axial direction of the
refractive ellipsoid 11« is directed along the direction par-
allel to the substrates, and are arranged helically (in a twist
arrangement) from one of the substrates to the other. In the
present display element in which the mixture system is used,
the shape of the refractive molecular agglomeration is
spherical and thus isotropic (nx=ny=nz) when no electric
field is applied. The anisotropy appears in the shape of the
refractive ellipsoid agglomeration that is spherical and
anisotropic (nx>ny in the vicinity of the surface of the
substrate located lower in the illustration; ny>nx in the
vicinity of the surface of the substrate 1 located upper in the
illustration) by electric field application as follows, for
example: here, nx is a refractive index (main refractive
index) of a direction parallel to the surfaces of the substrates
and rightward/leftward directions in FIG. 6, and ny is a
refractive index (main refractive index) of a direction par-
allel to the surfaces of the substrates and along a viewing
direction (a direction perpendicular to the rightward/left-
ward directions), and nz is a refractive index (main refrac-
tive index) of a direction perpendicular to the surfaces of the
substrates.

[0100] In the present invention, the orientational order
parameter=0 in the scale not less than the wavelength of
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visible light indicates that the orientational order parameter
is such a state: when the orientational order parameter=0 in
the scale not less than the wavelength of visible light, a
majority of the Liquid crystal molecules or the like are
oriented in a certain direction (there is an orientational
order) when observed in a scale smaller than the wavelength
of visible light, whereas, in the scale larger than the wave-
length of visible light, the orientational directions of the
molecules are averaged (that is, random) and there is no
orientational order. Therefore, when the orientational order
parameter=~0 in the scale not less than the wavelength of
visible light, the orientational order parameter is so small
that it causes no effect on the light in the wavelength range
of visible light and the light larger than the wavelength of
visible light. For example, when the orientational order
parameter=0 in the scale equal to or greater than the wave-
length of visible light, the black display is realized under
crossed nicols. Furthermore, in the present invention, “the
orientational order parameter>0 in the scale equal to or
greater than the wavelength of visible light” indicates that
the orientational order parameter in the scale equal to or
greater than the wavelength of visible light is greater than
the orientational order parameter of substantially 0. For
example, when the orientational order parameter>0 in the
scale equal to or greater than the wavelength of visible light,
the white display (and/or gray display, which is a gradation
display) is realized under crossed nicols.

[0101] Moreover, the major axial direction of the refrac-
tive ellipsoid is always perpendicular to the electric field
application direction. On the other hand, the display opera-
tion in the conventional liquid crystal display element is
carried out by rotating the major axial direction of the
refractive ellipsoid. Thus, the major axial direction of the
refractive ellipsoid is not always perpendicular to the elec-
tric field application direction.

[0102] As described above, the direction of the optical
anisotropy is constant (the direction of the voltage (electric
field) application is not changed) in the present display
element in which the mixture system of 3HPFE, SHPFF, and
7HPFF is used. The display operation is carried out by
modulating the orientational order parameter in the present
display element. That is, in the present display element in
which the mixture system is used, the anisotropy (or the
orientational order) of the medium itself is changed to
perform the display operation. Therefore, the display prin-
ciple of the present display element in which the mixture
system is used is largely different from the other liquid
crystal display elements.

[0103] Moreover, in the present display element in which
the mixture system is used, the distortion caused in the
structure that shows the optical anisotropy, that is, the
change in the magnitude of the optical anisotropy in the
medium is utilized to perform the display operation. There-
fore, a wider viewing angle property is realized in the
present display element than in the conventional display
modes in which the display operation is carried out by
changing the orientational directions of the liquid crystal
molecules. Further, in the present display element in which
the mixture system is used, the birefringence occurs in one
constant direction, and the optical axial direction is not
changed. Thus, a wider viewing angle property is realized in
the present display element.
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[0104] Moreover, in the present display element in which
the mixture system is used, the display operation is carried
out by utilizing the anisotropy that is caused by distorting the
structure (for instance, lattice that is like a crystal) of micro
regions. Because of this, the present display element is free
from such a problem associated with the display principle of
the conventional display modes that inherent viscosity of the
liquid crystal largely affects the response speed. It is possible
to realize high-speed response of about 1 ms in the present
display element. Specifically speaking, because the change
in the orientational direction of the liquid crystal molecules
is utilized in the display principle of the conventional modes,
the inherent viscosity of the liquid crystal largely affects the
response speed. On the contrary, in the present display
element in which the mixture system is used, the distortion
of the structures in the micro regions is utilized. Therefore,
the effect given by the inherent viscosity of the liquid crystal
is small and it is possible to attain the high-speed response
in the present display element. Therefore, the high-speed
response property allows the present display element to be
applicable for example in a display device of field sequential
color mode.

[0105] Moreover, the present display element may be
expressed as a display element basically arranged such that
(1) the electric field is applied along the normal direction of
the surfaces of the substrates (vertical electric field applica-
tion), (if) the medium for the dielectric material layer 3 is a
negative type liquid crystal (use of negative type liquid
crystal), and (iii) the rubbing directions of the alignment
films respectively provided on the substrates cross each
other perpendicularly (twist rubbing).

[0106] Moreover, by forming a display device by using the
present display element, it is possible to improve the contrast
and suppress the coloring phenomenon in the display device
in which the display element utilizes the electro-optical
effect.

[0107] Moreover, by applying the present invention to a
display device in which the Kerr effect is utilized, significant
improvement in the contrast and suppression in the coloring
phenomenon can be attained as well as high-speed response.
Thus, the present invention is quite significant practically.

[0108] Moreover, the present invention may be expressed
such that it relates to a display element that has such a
display performance that high speed response and wide
viewing angle are attained.

[0109] The present invention is not limited to the present
embodiments which mainly discuss the arrangements in
which the electric field application is the means for changing
the magnitude of the optical anisotropy of the medium. In
lieu of the electric field application, a magnetic field appli-
cation may be used in order to change the magnitude of the
optical anisotropy depending on whether or the magnetic
field is applied.

[0110] That is, the magnetic field as well as the electric
field is also applicable as the field to apply. In order to
change the magnitude of the optical anisotropy of the
medium by the magnetic field application, magnetic anisot-
ropy of the medium is utilized. Therefore, in this case, a
material having a larger anisotropy in terms of the magnetic
susceptibility is preferable as the medium. In the case of
organic molecules, the magnetic susceptibility is mainly due
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to diamagnetism. Thus, in case where the n electrons can be
moved along a ring in a molecule according to the change in
the magnetic field, an absolute value of the magnetic sus-
ceptibility becomes largest. Therefore, for example, in case
where the molecule has an aromatic ring, the absolute value
of the magnetic susceptibility becomes largest when the
aromatic ring (a sequence of aromatic ring, a chain contain-
ing aromatic rings) is directed perpendicular to a direction
along which the magnetic field is applied. In this case, the
magnetic susceptibility observed along a direction to which
the aromatic ring is parallel, is relatively smaller in absolute
value than along a direction to which the aromatic ring is
perpendicular. Thus, the anisotropy of the magnetic suscep-
tibility is larger along the direction to which the aromatic
ring is parallel. Therefore, a material having a ring structure
such as a six-membered ring (for example, a benzene ring)
is preferable as the medium. Moreover, in order to increase
the anisotropy of the magnetic susceptibility, it is also
preferable to orient electron spin in the medium. By intro-
ducing an electron spin in a free radical (radical) of N, O,
NO, or the like, it is possible to give the molecules a stable
spin. In this case, for example, it is possible to orient the spin
parallel by piling conjugate molecules on the plane. In this
case, for example, a discotic liquid crystal is preferable as
the medium. In the discotic liquid crystal, core portions
located at a center of the molecules are piled into columns.

[0111] In this case where the magnetic field is used as the
field to apply, the display element may have such an
arrangement, for example, that a magnetic field generating
member (such as an electromagnet or the like) or the like is
provided outside of the cell, for example, on an outer side of
the display element 70, in lieu of the electric field applying
members such as the electrodes 4 and 5, or the like. By
applying the magnetic field, in lieu of the electric field, on
the medium, it is possible to perform the same driving
(addressing) as above.

[0112] Moreover, the field to apply may be light. There is
no particular limit in terms of the wavelength of the light.
For example, the magnitude of the optical anisotropy can be
changed by and according to radiating, on the medium, light
of 532 nm generated by an Nd (Neodymium): YAG (Yttrium
Aluminum Garnet) laser.

[0113] The medium to be used in this arrangement is not
particularly limited. In this arrangement, a medium in which
the magnitude of the optical anisotropy is changeable by and
according to the light radiation, because the Kerr effect due
to light is utilized in this arrangement. The medium in this
arrangement may be media similar to the media used in the
arrangement in which the electric field is used, more spe-
cifically, the media mentioned in the first embodiment.

[0114] It is preferable that the medium contain a little
amount of dye in the case where the light is used as the field
to apply. By this arrangement in which the medium contains
a little amount of dye, the magnitude of the optical anisot-
ropy becomes more changeable than without the dye. Dye
content in the medium is preferably 0.01 wt % or more, and
less than 5 wt %. If the dye content was less than 0.01 wt %,
the amount of the dye is too little to attain sufficient effect.
On the other hand, if the dye content was 5 wt % or more,
the dye absorbs exitation light.

[0115] In this arrangement, the medium may be, for
example, the compound (liquid crystalline material) repre-
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sented by Formula (1). The liquid crystalline material itself
may be used as the medium, or a mixture of the liquid
crystalline material and a dye may be used as the medium.

[0116] There is no particular limit in the dye, but dye
having absorption band within the wavelength of the exita-
tion light. For example, the dye may be a compound
(1-amino-anthraquinone  (hereinafter, referred to as
“1AAQ”; made by Aldrich) represented by the following
formula:

[0117] By adding “1AAQ” in a compound (“5SCB”(pen-
tylcyanobiphenyl)) represented by Formula (1) so that the
content of “IAAQ” in the medium consisted of 5CB and
1AAQ is 0.03 wt %, the medium becomes about 10 times
more changeable in the magnitude of the optical anisotropy
compared with the medium containing no a “1AAQ”.

[0118] In order to generate the optical anisotropies in the
respective domains in the display element, use of electric
field, magnetic field, light or the like, or the like may be
adopted, for example. Among them, the use of the electric
field is preferable for the sake of easy designing and driving
control of the display element.

[0119] Therefore, the display element may be provided
with, for example, electric field applying means (such as an
electrode or the like), magnetic field applying means (such
as an electromagnet or the like), or the like as means for
applying a field. For the sake of easy designing) and driving
control of the display element, the electric field applying
means is preferable.

[0120] The present invention is not particularly limited in
terms of the means for applying the field, provided that the
means for applying the field is capable of changing the
magnitude of the optical anisotropy of the medium depend-
ing on whether or not the field is applied (and by and
according to the field applied thereby). Besides the electric
field applying means (such as an electrode or the like) and
magnetic field applying means (such as an electromagnet or
the like), a laser device, light radiating means (excitation
light generating means) such as the above-mentioned Nd:
YAG laser and the like are applicable as the means for
applying the field.

[0121] Therefore, the present invention may be arranged
such that the present element comprises the means for
applying the field, or such that the means for applying the
field is provided in addition to the display element. That is,
a display device according to the present invention may be
so arranged as to comprise the display element including the
means for applying the field, or to comprise the display
element and the means for applying the field. In other words,
the display device may have such an arrangement that it
comprises (a) the display element has the arrangement that
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allows the pixel to have at least two domains in which the
medium shows optical anisotropies of different directions
when the field is applied or when no field is applied, and (b)
means for applying a field on medium in the display ele-
ment.

[0122] Further, the display element according to the
present invention may be arranged such that the medium, the
magnitude of whose optical anisotropy is changeable, is, for
example, a medium in which an orderly structure (orienta-
tional order) is changed by application of a field thereby
changing the magnitude of the optical anisotropy. For
example, the medium may be such that it has an orderly
structure equal to or smaller than the wavelength of visible
light when the field is applied or when no field is applied,
and that the field application changes the orderly structure
thereby changing the magnitude of the optical anisotropy.
Further, the medium may such that when no field is applied,
it has an orderly structure that causes the optical anisotropy
and that the field application changes the orderly structure
thereby changing the magnitude of the optical anisotropy. In
other words, the display element according to the present
invention may be a display element that performs display
operation by applying a field on a medium between a pair of
substrates, at least one of which is transparent, the field
changing an orderly structure in the medium so as to change
a magnitude of optical anisotropy of the medium.

[0123] This arrangement is free from the problem that the
inherent viscosity of the liquid crystal largely affects
response speed, unlike the conventional liquid crystal dis-
play element. Thus, it is possible to realize high-speed
response with this arrangement.

[0124] Moreover, in this arrangement, temperature control
necessary is such temperature control that the medium is
kept at such temperatures at which the medium is in such a
state under which it has a certain orderly structure (a state
under which the orderly structure is distorted by field
application, thereby changing the magnitude of the optical
anisotropy) when the field is applied or when no field is
applied. Such temperature control is quite easy. For
example, in the display device (as described in Patent
Publication 1) utilizing the electric-field-induced polariza-
tion of polar molecules, its driving (operable) temperature
range is limited within temperatures in the vicinity of a
phase transition point of a liquid phase, thus this display
device requires quite highly accurate temperature control.
On the contrary, in the arrangement according to the present
invention, temperature control necessary here is to keep the
medium at the temperatures at which the medium is in such
a state under which it has a certain orderly structure. Thus,
the temperature control in the present invention is quite easy.

O
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[0125] Moreover, the medium for use in the display ele-
ment of the present invention is not limited to the medium
that shows the Kerr effect, that is, whose refractive index is
changeable proportionally to the square of the electric field.
As long as the magnitude of its optical anisotropy is change-
able by the application of a field, any medium may be used
as the medium for use in the display element of the present
invention.

[0126]
present display element may be expressed as a display
element basically arranged such that (i) the electric field is
applied along the normal direction of the surfaces of the
substrates (vertical electric field application), (i) the
medium for the dielectric material layer 3 is a negative type
liquid crystal (use of negative type liquid crystal), and (iii)
the rubbing directions of the alignment films respectively
provided on the substrates cross each other perpendicularly
(twist rubbing)”. However, in addition to the above arrange-
ment, the present display element may contain a polymer
network so that the orientation of the molecules is stabilized
in advance in order to more efficiently attain the twist
orientation of the molecules which the medium comprises,
for instance, when the field is applied. The following
explains an example in which such polymer network is used.

In the above description, it is stated that “the

[0127] A dielectric material layer 3 is prepared with a
mixture type liquid crystal made of 3HPFF, SHPFF, and
7HPFF. Here, the mixture type liquid crystal also contains,
for instance, (a) UCLO01 (by DIC (Dainippon Ink and
Chemicals, incorporated), which is a liquid crystalline
monomer, (b) diacrylate monomer RM257 (by Merck Ltd.)
as a cross linker (cross-linking agent), and (¢) DMPAP
(2,2-dimethoxy-2-phenylactophenon, made by Aldrich) as a
photo initiator. The UCLO0O01 is an equi-amount (equi-
weight) mixture of the following materials respectively
represented by the following formulae:

CH,==CHCOO @ G C3H,

(50 wt %)
CH,=CHCOO Cc=C CsHy;

(50 wt %)

[0128]
mula:

The RM257 is represented by the following for-

CHj,
¢} O (6]
I @n ||@ I
CH,=—=CH—C—0—(CH,);—O0 c—o0 0—C 0—(CH,);—0—C—CH=CH,
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[0129] DMPAP is represented by the following formula.

CH,

[0130] The mixture type liquid crystal contains these
materials at the following ratio:

[0131] Mixture system of Negative Type Liquid
Crystal Material (3HPFF, SHPFE, 7HPFF; mixing
ratio is mentioned above): 95.8 wt %

UCLo01 30wt %
RM257 1.0wt %
DMPAP 0.2 wt %

[0132] The mixture system thus prepared by mixing the
liquid crystal material, monomer, and the like was injected
into a cell of a display element according to the present
embodiment. T,; (Nematic-Isotropic phase transition tem-
perature) of the mixture system in which the monomer, the
photo-initiator were added was substantially equal to that of
the liquid crystal, that is, was 113° C. At temperatures below
113° C., the dielectric material layer 3 showed the nematic
phase state. Because alignment directions of the alignment
films of the respective substrates cross each other perpen-
dicularly in the present embodiment, molecules were ori-
ented in twist orientation in which the molecules were
oriented in one twisting direction from one substrate to the
other so that a direction of the orientation of the molecules
on one substrate makes 90 degrees with that of the molecules
on the other substrate.

[0133] Ultraviolet rays were radiated on the mixture sys-
tem in the nematic phase (for example, the dielectric mate-
rial layer 3 kept at 103° C. (T=T;,~10(K)). The radiation of
the ultraviolet rays was carried out with a wavelength of 365
nm and at 11.0 mW/cm® for 10 minutes.

[0134] After that, the temperature of the display element
was increased to a temperature in a temperature range of
isotropic phase, which is higher than 113° C. Then, electro-
optical property of the display element with the stabilization
by the polymer network was measured. As a result, trans-
mittance change was observed up to about 1K from 113° C.
in the display element without the stabilization by the
polymer network, whereas transmittance change was
observed up to about 5 K from 113° C. in the display element
with the stabilization by the polymer network. This indicated
that the polymer network establishes environment in which
the twist orientation is easy to occur when the electric field
is applied.

[0135] The types of the liquid materials, monomers, and
the like, a mixing ratio thereof in the mixture system,
discussed in the present embodiment are merely examples.
The present invention is not limited to the numerical values
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mentioned above. Because a optimal mixing ratio is different
depending on which liquid crystal material is used as the
host, and which monomer and the like is added to the host,
the mixing ratio may be arbitrarily set depending on the
materials to be used, and is not limited to the above ratio.
However, it is preferable that the amount of the monomer to
add is so set that the resultant polymer network will not
affect the visible light when the medium of the dielectric
material layer 3 is optically isotropic. For instance, in case
of a display element in which, as in the present embodiment,
the medium is optically isotropic when no electric field is
applied and becomes optically anisotropic (90 degrees twist
orientation) when the electric field is applied, thereby
switching the display state, the amount of the monomer to
add is preferably set such that the resultant polymer network
will not affect the visible light. Thus, the amount of the
liquid crystalline monomer to add is set in such a manner
that the resultant polymer network will not affect the visible
light.

[0136] Moreover, the display element and the display
device according to the present invention have wide-ranged
applications: image display devices such as televisions,
monitors, and the like; OA (Office Automation) apparatuses
such as word processors, personal computers and the like;
image display devices for video cameras, digital cameras,
information terminals such as portable (mobile) telephones.
Moreover, the high-speed response property allows the
display element and the display device according to the
present invention to be suitable for example in a display
device of field sequential color mode.

[0137] A display element according to the present inven-
tion is, in order to attain the object, provided with a pair of
substrates, at least one of which is transparent; a material
layer between the substrates; and alignment films respec-
tively on facing surfaces of the substrates, the display
element performing display operation by applying a field on
the material layer, the material layer containing a medium
being changeable in a magnitude of its optical anisotropy by
the field, and the alignment films having alignment direc-
tions that cross each other perpendicularly.

[0138] The field in the above arrangement is not particu-
larly limited, provided that it can change the magnitude of
the optical anisotropy of the medium. For example, the field
may be an electric field, magnetic field, light, or the like.

[0139] Here, when the magnitude of the optical anisotropy
is changed, a shape of a refractive index ellipsoid is changed.
That is, in the display element according to present inven-
tion, it is possible to change the display state by utilizing the
change in the shape of the refractive index ellipsoid depend-
ing on whether the field is applied or not.

[0140] On the contrary, the display operation in the con-
ventional liquid crystal display element is carried out by
applying an electric field on a medium. In the conventional
liquid crystal display element, the refractive index ellipsoid
is kept ellipsoidal regardless of whether the electric field is
applied or not. However, a major axial direction of the
refractive index ellipsoid (direction of the refractive index
ellipsoid) is changed (rotated) depending on whether the
electric field is applied or not. That is, in the conventional
liquid crystal display element, the display state is changed
by utilizing the change (rotation) of the major axial direction
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of the refractive index ellipsoid (direction of the refractive
index ellipsoid) depending on whether the field is applied or
not.

[0141] In such a conventional liquid crystal display ele-
ment in which the change in the orientational direction of the
liquid crystal molecules is utilized, inherent viscosity of the
liquid crystal largely affects response speed of the conven-
tional liquid crystal display element. On the contrary, in the
above arrangement, the display operation is carried out by
utilizing the change in the magnitude of the optical anisot-
ropy of the medium. Therefore, unlike the conventional
liquid crystal display element, the above arrangement is free
from such problem that the inherent viscosity of the liquid
crystal largely affects response speed. Therefore, this
arrangement attains high-speed (fast) response. Moreover,
the high-speed response property allows the display element
of the present invention to be used in, for example, a display
device of field sequential color mode.

[0142] Moreover, according to this arrangement, phase
differences caused in the vicinity of the alignment films by
the alignment films, or phase differences caused by mol-
ecules adsorbed on the alignment films cross each other
perpendicularly. Thus, the phase differences cancel out each
other. Therefore, the phase differences make no contribution
to the transmittance. Because of this, it is possible to attain
high contrast.

[0143] Moreover, with this arrangement, it is possible to
orient the molecules of the medium in one twisting direction
when the field is applied or when no field is applied (that is,
the molecules are directed in different directions sequen-
tially from one substrate to the other). In this way, the
twisted structure is formed. As a result, it becomes possible
to suppress the coloring phenomenon caused by wavelength
dispersion of the refractive index of the molecules.

[0144] Therefore, with this arrangement, it is possible to
realize a display element in which transmittance is changed
by controlling orientational order of molecules, and in which
contrast is improved and coloring phenomenon is alleviated,
and a display device provided with the display element.

[0145] As the field to change the magnitude of the optical
anisotropy of the medium, the electric field is preferable for
the sake of easy designing and driving control of the display
element.

[0146] Moreover, in this arrangement, temperature control
necessary is such temperature control that the medium is
kept at such temperatures at which the magnitude of the
optical anisotropy is changeable by and according to the
field application. Such temperature control is quite easy.

[0147] Moreover, because the display operation in this
arrangement is carried out by utilizing the change of the
magnitude of the optical anisotropy of the medium, it is
possible to attain a wider viewing angle in this arrangement
than in the conventional liquid crystal display element in
which the display operation is carried out by changing the
orientational order of the liquid crystal molecules.

[0148] Moreover, the display element according to the
present invention may include polarizers respectively on the
substrates, the polarizers having absorption axial directions
that cross each other perpendicularly and that are perpen-
dicular to and parallel to the respective alignment directions
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of the alignment films (that is, one of the polarizers is
perpendicular to the alignment direction of one of the
alignment films and parallel to the alignment direction of the
other of the alignment films, whereas the other one of the
polarizers is perpendicular to the alignment direction of the
other of the alignment films and parallel to the alignment
direction of the one of the alignment films).

[0149] With this arrangement it is possible to provide
more effective prevention of light leakage, even if the phase
differences caused in the vicinity of the alignment films are
not identical with each other perfectly. Therefore, it is
possible to attain better contrast.

[0150] The alignment films may be an organic thin film or
may be made of polyimide.

[0151] Moreover, in case where the field is an electric
field, the medium may contain a rod-like molecule having
negative dielectric anisotropy. Here, the rod-like molecule is
such a molecule that has a molecular structure that has
structural anisotropy, and whose lengths along major axial
directions and minor axial directions are different. Further,
in case where the field is an electric field, the medium may
contain a liquid crystalline compound. It is especially pref-
erable that the liquid crystalline compound contained in the
medium be a negative type liquid crystalline compound. The
negative type liquid crystalline compound is a compound of
liquid crystal molecules that satisfies An=ne-no>0 and
Ae=e//-e 1 <0, where ne is a refractive index (extraordinary
light refractive index) along a major axial direction of the
liquid crystal molecules, €// is a dielectric constant along the
major axial direction of the liquid crystal molecules, no is a
refractive index (ordinary light refractive index) along a
minor axial direction of the liquid crystal molecules, and e L
is a dielectric constant along the minor axial direction of the
liquid crystal molecules. The medium containing the liquid
crystalline compound is preferable because it shows a liquid
crystal phase at low temperatures but the isotropic phase at
high temperatures, and allows easy generation of optical
anisotropy.

[0152] Moreover, the medium may contain a chiral agent
or may be a chiral material. Here, the chiral material is such
a material that has chirality.

[0153] With any of these arrangements, it is possible to
cause the molecules of the medium to have or form a twist
structure that is twisted rightward or leftward only (dex-
trorotatory or levorotatory). These arrangements are free
from such a problem that the transmittance is low on a
boundary between domains in an arrangement where there
are multi domains that respectively have twist structures
twisted rightward and twisted leftward. Therefore, it is
possible to attain better contrast.

[0154] In case where the field is an electric field, the
medium may be such that a refractive index of the medium
is changeable proportionally to square of an electric field.
Further, the medium may contain a polar molecule.

[0155] With these arrangements, it is possible to realize a
display element having high-speed response property.

[0156] Moreover, the medium may be such a medium that
is optically isotropic when no field is applied, and becomes
optically anisotropic when the field is applied. In this
arrangement, the shape of the refractive index ellipsoid is
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spherical when no field is applied, and becomes ellipsoidal
when the field is applied. Moreover, the medium may be
such a medium that is optically anisotropic when no field is
applied, and becomes optically isotropic when the field is
applied. In this arrangement, the shape of the refractive
index ellipsoid is ellipsoidal when no field is applied, and
becomes spherical when the field is applied. Moreover, the
medium may be such a medium that is optically anisotropic
when no field is applied, but the magnitude of the optical
anisotropy is changed by and according to the field appli-
cation. In this arrangement, the shape of the refractive index
ellipsoid is changed in a ratio between its major axial length
and minor axial length depending on whether the field is
applied or not (the shape of the refractive index ellipsoid
may be substantially spherical).

[0157] With this arrangement, the field application causes
distortion of the orderly structure of the molecules which the
medium comprise, thereby changing the optical anisotropy
of the medium. Therefore, it is possible to change the display
state depending on whether the field is applied or not.

[0158] In the above arrangement, the display operation is
carried out by utilizing the change in the optical anisotropy
of the molecules which the medium comprises. Therefore,
the inherent viscosity of the liquid crystal does not affect the
response speed largely. Thus, the above arrangement can
realize fast response. Moreover, the distortion of the orderly
structure of the molecules caused by the field application is
not largely affected by temperatures. Thus, with this arrange-
ment, it is easy to perform the temperature control. More-
over, in the above arrangement, the display operation is
carried out by utilizing the change in the magnitude of the
optical anisotropy of the molecules of the medium. Thus,
this arrangement attains a wider viewing angle property than
in the arrangement in which the display operation is carried
out by changing only the orientational directions of the
liquid crystal molecules.

[0159] It is preferable that, in the scale smaller than the
wavelength of visible light, the medium is not in an isotropic
phase like liquid, but has an order (orderly structure, orien-
tational order) microscopically. When the orderly structure
is smaller than the wavelength of visible light, the medium
is optically isotropic. Therefore, the use of the medium
which has an orderly structure smaller than the wavelength
of visible light when the field is applied or when no field is
applied makes it possible to surely change the display state
between when the field is applied and when no field is
applied (that is, depending on whether or not the field is
applied or not).

[0160] The display device according to the present inven-
tion is provided with any one of the above-described display
elements according to the present invention, in order to
attain the aforementioned object.

[0161] The display device thus arranged is provided with
the display element in which transmittance is changed by
controlling orientational order of molecules, and in which
contrast is improved and coloring phenomenon is alleviated,
and a display device provided with the display element. This
display device is advantageous in that contrast is improved
and the coloring phenomenon is alleviated.

[0162] The high-speed response property of the display
element according to the present invention allows the dis-
play element to be used in a display device of field sequen-
tial color mode.
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[0163] The invention being thus described, it will be
obvious that the same way may be varied in many ways.
Such variations are not to be regarded as a departure from
the spirit and scope of the invention, and all such modifi-
cations as would be obvious to one skilled in the art are
intended to be included within the scope of the following
claims.

What is claimed is:
1. A display element, comprising:

a pair of substrates, at least one of which is transparent;
a material layer between the substrates; and

alignment films respectively provided on facing surfaces
of the substrates,

the display element performing display operation by
applying a field on the material layer,

the material layer comprising a medium being changeable
in a magnitude of its optical anisotropy by the field, and

the alignment films having alignment directions that cross
each other perpendicularly.
2. A display element as set forth in claim 1, wherein:

the medium being changeable in a magnitude of its optical
anisotropy by an electric field,
3. A display element as set forth in claim 1, comprising:

polarizers respectively provided on the substrates, the
polarizers having absorption axial directions that cross
each other perpendicularly and that are either perpen-
dicular to or parallel to the respective alignment direc-
tions of the alignment films.

4. A display element as set forth in claim 1, wherein:

the alignment film is an organic thin film.
5. A display element a set forth in claim 4, wherein:

the alignment films are made of polyimide.
6. A display element as set forth in claim 2, wherein:

the medium contains a rod-like molecule having negative
dielectric anisotropy.
7. A display element as set forth in claim 2, wherein:

the medium contains a negative type liquid crystalline
compound.
8. A display element as set forth in claim 1, wherein:

the medium contains a chiral agent.
9. A display element as set forth in claim 1, wherein:

the medium is a chiral material
10. A display element as set forth in claim 2, wherein:

a refractive index of the medium is changeable propor-
tionally to square of an electric field.
11. A display element as set forth in claim 2, wherein:

the medium contains a polar molecule.
12. A display element as set forth in claim 1, wherein:

the medium is optically isotropic when no field is applied,
and becomes optically anisotropic when the field is
applied.

13. A display element as set forth in claim 1, wherein:

the medium is optically anisotropic when no field is
applied, and becomes optically isotropic when the field
is applied.
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14. A display element as set forth in claim 1, wherein:

the molecules of the medium form an orderly structure
when field is applied or when no field is applied, the
orderly structure being smaller than a visible light
wavelength and changeable by and according to appli-
cation of the field.

15. A display device, comprising:

a display element comprising:
a pair of substrates, at least one of which is transparent;

a material layer between the substrates; and
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alignment films respectively provided on facing sur-
faces of the substrates,

the display element performing display operation by
applying a field on the material layer,

the material layer comprising a medium being changeable
in a magnitude of its optical anisotropy by the field, and

the alignment films having alignment directions that cross
each other perpendicularly.
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