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7 ABSTRACT

The present invention is intended to attain an electrode
structure and a pixel design which are the most suitable for
effective utilization of optically isotropic liquid crystals in a
device.

The present invention uses a structure of liquid crystal
display device comprising a first substrate, a second sub-
strate, polarizing plates provided on the first substrate and
the second substrate, respectively, a liquid crystal layer
located between the first substrate and the second substrate,
and pixel electrodes and common electrodes, which are
provided on the first substrate, wherein the liquid crystal
layer has such a property that optical anisotropy is induced
therein by a change of an optically isotropic state caused by
application of a voltage; either the pixel electrodes or the
common electrodes are formed in an interdigital form and
the other is formed in the form of a flat plate; and an electric
field is applied to the liquid crystal layer by a potential
difference made between the pixel electrodes and the com-
mon electrodes.
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OPTICALLY ISOTROPIC LIQUID CRYSTAL
MATERIALS AND DISPLAY APPARATUS
USING THE SAME

BACKGROUND OF THE INVENTION

[0001] The present invention relates to the production of
optically isotropic liquid crystal materials and the structures
of a liquid crystal display panel and a liquid crystal display
device which use the liquid crystal materials.

[0002] Owing to the recent advance in techniques for
producing a liquid crystal panel, liquid crystal display ele-
ments have come to be used in a display for television
though Braun tubes have heretofore been mainly used
therein. As to the liquid crystal display elements, twisted
nematic (TN) display method has heretofore been known but
has been required to be improved in contrast, view angle
characteristics and response characteristics. Particularly
when the liquid crystal display elements are used in televi-
sions, they are greatly inferior to Braun tubes in the char-
acteristic described above. Therefore, there has been a desire
for the improvement of these characteristics. As a display
method for the liquid crystal display elements for improving
the above-mentioned contrast and view angle characteris-
tics, there are known, for example, in-plane switching (trans-
verse electric field) display method (hereinafter referred to
as “IPS method”) and multi-domain vertical alignment dis-
play method (hereinafter referred to as ”VA method”). These
methods permit great improvement in view angle and con-
trast as compared with TN method.

[0003] However, in IPS and VA methods, a liquid crystal
layer is an optically uniaxial medium, so that its transmit-
tance becomes dependent on view angle when the liquid
crystal layer is used as it is. In addition, as described in the
non-patent document 1 described hereinafter, nematic liquid
crystal materials shows light scattering caused by the ther-
mal perturbation of molecules. In IPS and VA methods, since
a black display is given when no voltage is applied, a
lowering of contrast by light leakage due to the light
scattering is unavoidable in principle even in the case of the
black display. Problems including such optical anisotropy
and light scattering are inherent in display devices using a
nematic liquid crystal material.

[0004] On the other hand, in recent years, there have been
known materials of liquid crystals having isotropy optically
and three-dimensionally or two-dimensionally (hereinafter
referred to as “optically isotropic liquid crystals”). The
optically isotropic liquid crystals have the following prop-
erty: the alignment of liquid crystal molecules in a liquid
crystal layer is optically and three-dimensionally or two-
dimensionally isotropic when no voltage is applied to the
liquid crystal layer, and by the application of a voltage,
birefringence is induced in the direction of application of the
voltage. In the case of materials of optically isotropic liquid
crystals reported in recent years, the following phases and
molecules are optically isotropic. As phases having optical
isotropy three-dimensionally, there are a smectic blue phase
and a cholesteric blue phase. As molecules having optical
isotropy two-dimensionally, there are bent core molecules.
The bent core molecules are molecules of a liquid crystal
compound subjected to vertical alignment with respect to a
substrate and have optical isotropy in a plane of a liquid
crystal layer when no voltage is applied. In addition to them,
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a cubic phase, a smectic Q phase, a micelle phase, a reverse
micelle phase, a sponge phase, etc. are known as phases
having optical isotropy.

[0005] The following non-patent document 2 and non-
patent document 3 describe the extension of the temperature
range of a blue phase which has been difficult to put to
practical use in a device because of its very narrow tem-
perature range. The following non-patent document 4
describes materials of optically isotropic liquid crystals and
their properties, such as the optical biaxiality of bent core
molecules. The following non-patent document 5 and non-
patent document 6 describe display devices using optically
isotropic liquid crystals. The following non-patent document
7 describes an electric field strength necessary to optically
isotropic liquid crystals.

[0006] In addition, the following patent document 1 dis-
closes specifically the electrode structure of a liquid crystal
panel using optically isotropic liquid crystals, etc.

[0007] Patent Document 1: JP-A-2006-3840

[0008] Non-patent document 1: W. H. de Jew, “Properties
of Liquid Crystal”, translated by Tsutomu Ishii and Shun-
suke Kobayashi, pp. 90-94

[0009] Non-patent document 2: Harry I. Coles, Nature,
Vol. 436, pp. 997-1000

[0010] Non-patent document 3: Atsushi Yoshizawa, et al.,
Journal of Materials Chemistry, Vol. 15, pp. 3285-3290,
2005

[0011] Non-patent document 4: Bharat R. Acharya et al.
LIQUID CRYSTALS TODAY, VOL. 13, No. 1, 1-4, 2004
[0012] Non-patent document 5: Hiroshi Kikuchi,
Advanced Materials, Vol. 17, pp. 96-98, 2005

[0013] Non-patent document 6: Hideo Takezoe et al.,
Japanese Journal of Applied Physics, Vol. 45, L pp. 282-284,
2006

[0014] Non-patent document 7: Physica B, Vol. 368, pp.
168-178, 2005

[0015] As described above. the properties of optically
isotropic liquid crystals have been elucidated which are
different from those of conventional liquid crystals, but the
structure of a device using such a liquid crystal material has
not sufficiently been investigated.

SUMMARY OF THE INVENTION

[0016] The present invention is intended to attain an
electrode structure and a pixel design which are the most
suitable for effective utilization of optically isotropic liquid
crystals in a device.

[0017] The present invention is accomplished, for
example, by the following means.

[0018] The present invention employs a structure of liquid
crystal display device comprising a first substrate, a second
substrate, polarizing plates provided on the first substrate
and the second substrate, respectively, a liquid crystal layer
located between the first substrate and the second substrate,
and pixel electrodes and common electrodes, which are
provided on the first substrate, wherein the liquid crystal
layer has such a property that optical anisotropy is induced
therein by a change of an optically isotropic state caused by
application of a voltage; either the pixel electrodes or the
common electrodes are formed in an interdigital form; and
an electric field is applied to the liquid crystal layer by a
potential difference made between the pixel electrodes and
the common electrodes. The present invention also employs
a structure of liquid crystal display device in which said first
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substrate has a plurality of pixels located thereon in the form
of a matrix, and said pixel electrodes, said common elec-
trode and a thin-film transistor are located in each of the
plurality of the pixels. The present invention further employs
a structure of liquid crystal display device in which said first
substrate has a passivation layer, and the passivation layer is
located between said liquid crystal layer and the nearest
electrode to said liquid crystal layer among the electrodes
located on said first substrate. The present invention still
further employs a structure of liquid crystal display device
in which a surface layer is located on said first substrate; the
surface layer is located in contact with the surface of said
liquid crystal layer; and the surface layer has a periodic
structure of 400 nm or less in size. The present invention still
further employs a structure of liquid crystal display device
in which said pixel electrodes are formed in interdigital
forms; said common electrodes are formed in the form of a
flat plate; and said pixel electrodes have two interdigital
forms, which are different in direction by not more than 92°
and not less than 88°, in each of the plurality of said pixels.
The present invention still further employs a structure of
liquid crystal display device in which said liquid crystal
layer is obtained by heat-crosslinking reaction.

[0019] Employment of the present invention makes it
possible to attain a liquid crystal display panel and a liquid
crystal display device, which use optically isotropic liquid
crystals and are of high quality.

[0020] Other objects, features and advantages of the
invention will become apparent from the following descrip-
tion of the embodiments of the invention taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a diagram showing [the basic structure of
a device] according to the present invention.

[0022] FIG. 2 is another diagram showing [the basic
structure of the device] according to the present invention.
[0023] FIG. 3 is a diagram showing [the formation of a
passivation layer] according to the present invention.
[0024] FIG. 4 is a diagram showing [the formation of a
surface layer having a periodic structure] according to the
present invention.

[0025] FIG. 5 is a diagram showing [the formation of
another surface layer having a periodic structure] according
to the present invention.

[0026] FIG. 6 is a diagram showing [the formation of a
surface layer having a periodic structure] according to the
present invention.

[0027] FIG. 7 is another diagram showing [the formation
of the surface layer having a periodic structure] according to
the present invention.

[0028] FIG. 8 is further another diagram showing [the
formation of the surface layer having a periodic structure]
according to the present invention.

[0029] FIG. 9 is a diagram showing [the formation of a
surface layer having a periodic structure] according to the
present invention.

[0030] FIG. 10 is a diagram showing [the formation of a
surface layer having another periodic structure] according to
the present invention.

[0031] FIG. 11 is a diagram showing [the structure of an
electrode form| according to the present invention.

[0032] FIG. 12 is a diagram showing [the structure of
another electrode form] according to the present invention.
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[0033] FIG. 13 is a diagram showing [the structure of
further another electrode form] according to the present
invention.

[0034] FIG. 14 is a diagram showing [the structure of still
another electrode form| according to the present invention.
[0035] FIG. 15 is a diagram showing [the structure of still
another electrode form| according to the present invention.
[0036] FIG. 16 is a diagram showing [the structure of a
multi-domain] according to the present invention.

[0037] FIG. 17 is a diagram showing [the structure of
another multi-domain| according to the present invention.
[0038] FIG. 18 is a diagram showing [the structure of
further another multi-domain]| according to the present
invention.

[0039] FIG. 19 is a diagram showing [the structure of still
another multi-domain| according to the present invention.
[0040] FIG. 20 is a diagram showing [the structure of still
another multi-domain| according to the present invention.
[0041] FIG. 21 is a diagram showing [the structure of still
another multi-domain] according to the present invention.
[0042] FIG. 22 is a diagram showing [the organization of
multi-domains] according to the present invention.

[0043] FIG. 23 is a diagram showing [the formation of a
liquid crystal material] according to the present invention.
[0044] FIG. 24 is a diagram showing [the formation of
another liquid crystal material] according to the present
invention.

DESCRIPTION OF REFERENCE NUMERALS

[0045] PX - - - pixel electrode, CT - - - common electrode,
CL - - - common signal line, GL - - - gate signal line, TFT
- - - thin-film transistor, DL - - - image signal line, CF - - -
color filter, BM - - - black-matrix, SUB1, SUB2 - - -
substrate, PL1, PL2 - - - polarizing plate, GI - - - gate
insulator, PAS1, PAS2 - - -passivation layer, EL - - - electric
field, LC - - - liquid crystal layer, SL - - - surface layer, MO
- - - mold, DI - - - defective portion, UL - - - irradiation light,
S - - -slit, UV - - - ultraviolet light, PO - - - polyimide resin
thin film.

DETAILED DESCRIPTION OF THE
INVENTION

[0046] Structures suitable for optically isotropic liquid
crystals are explained below in sequence.

[Basic Structure of a Device]

[0047] At first, a basic device structure in the case of using
optically isotropic liquid crystals is explained.

[0048] In a liquid crystal display device, an electric field
1s formed between pixel electrodes and common electrodes,
which are located on one of substrates holding liquid crys-
tals between them, and the optical characteristics of a layer
of the liquid crystals are controlled by varying the electric
field strength. In this case, the optically isotropic liquid
crystals are optically isotropic when no voltage is applied,
and they induce birefringence in the direction of application
of a voltage when the voltage is applied. Because of this
property, in order to control the transmittance of the opti-
cally isotropic liquid crystals, it is necessary to locate upper
and lower polarizing plates in a cross Nicol manner and
apply an electric field in the in-plane direction (lateral
direction) with respect to a liquid crystal panel. Therefore,
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an electrode structure according to IPS method is basically
suitable for a liquid crystal display panel using optically
isotropic liquid crystals.

[0049] Next, in the case of nematic liquid crystal conven-
tionally used in IPS method, a display can be given by
applying an electric field strength of about several volts/um
to a liquid crystal layer. On the other hand, as described in
the above-mentioned non-patent document 7, a strong elec-
tric field of tens volts/um or more has to be applied in the
case of optically isotropic liquid crystals. Therefore, in order
to give a satisfactory display by the use of optically isotropic
liquid crystals, it is usually necessary to employ a structure
of element which forms a stronger electric field and is
obtained by the improvement of an electrode structure
according to IPS.

[0050] FIG. 1 and FIG. 2 show a device structure suitable
for optically isotropic liquid crystals from such a point of
View.

[0051] FIG. 1 shows an example of the organization of a
group of pixels in display elements. An image signal trans-
mitted by an image signal line DL is supplied to a pixel
electrode PX through a thin-film transistor TFT controlled
by a gate signal line GL. A display is given by forming an
electric field between the pixel electrode PX and a common
electrode CT to drive a liquid crystal layer.

[0052] FIG. 2 is a sectional view taken along the line A-A'
of FIG. 1. A black-matrix BM is located on an upper
substrate SUB2 having color filters CF, to prevent unnec-
essary light leakage. The colors of the color filters CF are
different for different pixels adjacent to each other in the
lateral direction because these pixels are for different colors.
On the other hand, a lower substrate SUB1 has common
electrodes CT formed thereon in the form of a flat plate in
pixels, respectively. A gate insulator GI is provided on the
common electrodes CT, and the image signal lines DL are
provided so as to correspond to portions each between the
common electrodes CT located in the pixels, respectively. In
addition, a passivation layer PAS is provided on the image
signal lines, and the pixel electrodes PX are located on the
passivation layer PAS. The common electrode CT is formed
of a transparent electrode such as ITO in the case of an
element for display by transmission. When the common
electrode CT 1s used for reflection, a metal layer is used as
the common electrode CT. The pixel electrode PX is formed
on the passivation layer PAS and is formed of a transparent
electrode such as ITO in the case of an element for display
by transmission. A pair of the substrates, i.e., the substrate
SUBI1 and substrate SUB2 have a polarizing plate PL1 and
a polarizing plate PL2, respectively, and the polarizing plate
PL1 and the polarizing plate PL2 are located so that their
axes of absorption (their axes of transmission) may cross
each other in a cross Nicol manner. Owing to such a
structure, when no voltage is applied, the liquid crystal layer
is optically isotropic, so that a black display is given. When
a voltage is applied, birefringence is induced in the direction
of application of the voltage, so that a white display is given.
Two-dimensionally optically isotropic liquid crystals having
bent core molecules have longitudinal alignment with
respect to the substrates as initial alignment. On the other
hand, since three-dimensionally optically isotropic liquid
crystals have no initial alignment, they do not require the
location of an alignment layer on each side of the liquid
crystal layer.
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[0053] In the pixel structure shown in FIG. 1 and FIG. 2,
the pixel electrodes PX and the common electrodes CT are
located on the lower substrate SUB1, and an electric field EL
having a transverse component can be applied to the liquid
crystal layer by a potential difference between the pixel
electrodes PX and the common electrodes CT. In this case,
the pixel electrodes PX are formed in an interdigital form (in
the form of fingers) and the common electrodes CT are
formed in the form of a flat plate (a plane). In FIG. 2
showing the sectional view, the pixel electrodes PX have
many linear portions and a region between the adjacent
linear portions is a region where the common electrode CT
is exposed between the pixel electrodes PX. Thus, the
electric field EL starting from the pixel electrodes PX and
terminating at the common electrode CT is formed, and an
image can be displayed by driving liquid crystal molecules
in the liquid crystal layer by means of this electric field. By
using such an electrode structure, the distance in the electric
field between the pixel electrodes and the common electrode
can be reduced in general as compared with an electrode
structure that is such that both the pixel electrodes and the
common electrode are formed in an interdigital form. As
described above, although optically isotropic liquid crystals
require a stronger electric field than do conventional nematic
liquid crystals, the former electrode structure makes it
possible to strengthen an electric field at the same applied
voltage, so that the control of optically isotropic liquid
crystals becomes possible.

[0054] As described above, in the present invention, either
of the pixel electrodes PX and the common electrodes CT
are formed in an interdigital form. The common electrodes
CT may be formed in the form of a flat plate, and as shown
in FIGS. 25 and 26, both of the pixel electrodes PX and the
common electrodes CT may be formed in interdigital forms.
[0055] When both of the pixel electrodes PX and the
common electrodes CT may be formed in interdigital forms,
there uniformly occurs an electric field approximately par-
allel to the pixel electrodes PX and the common electrodes
CT. This is advantageous for driving a liquid crystals uni-
form in a pixel independent upon distance between pixel
electrodes PX and common electrodes CT. In order to form
a strong electric field, the distance between the pixel elec-
trodes PX and the common electrodes CT is preferably
short.

[0056] Even in case of the above-mentioned structure, an
extremely strong electric field is applied to the liquid crystal
layer in the same manner as in FIGS. 1 and 2, so that the
problems to be solved stated above still remain.

[0057] That is, even in case of the above-mentioned struc-
ture, in order to solve the above-stated problems, it is
essential to adopt the invention described below.

[Formation of a Passivation Layer]

[0058] The above-mentioned structure permits application
of a strong electric field to optically isotropic liquid crystals.
However, when three-dimensionally optically isotropic lig-
uid crystals are used, alignment layers become unnecessary,
so that the outermost electrodes come into direct contact
with the liquid crystal layer. In the case of such a structure,
when a strong electric field is applied to the liquid crystal
layer, impurities in the liquid crystals are present preferen-
tially at the boundary surface between the electrodes and the
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liquid crystals, so that a decrease in the stabilization rate and
display troubles such as flicker of transmitted light are liable
to be caused.

[0059] 1In order to solve this problem, the structure shown
in FIG. 3 is employed in the present investigation. The
structure shown in FIG. 3 is the same as that shown in FIG.
2 in that a liquid crystal layer LC is located between a
substrate SUB2 having color filters CF and a substrate SUB1
having pixel electrodes PX and common electrodes CT. On
the other hand, the structure shown in FIG. 3 is different
from that shown in FIG. 2 in that a passivation layer PAS2
is provided between the pixel electrodes PX and the liquid
crystal layer LC. This investigation is explained below in
detail.

[0060] A 0.7-mm thick glass substrate having a polished
surface was used as each of the substrates SUB1 and SUB2.
On the substrate SUBI, thin-film transistors were formed
and pixel electrodes PX, common electrodes CT and image
signal lines DL were located. The pixel electrodes PX and
the common electrodes CT were formed by patterning ITO.
A gate insulator GI was made of silicon nitride and had a
thickness of 0.3 pm. As in the above item [Basic structure of
a device], the pixel electrodes PX were patterned in an
interdigital form and the distance between the slits of the
pattern was adjusted to 5 um. In the formation of the pixel
electrodes PX, an electrode thin film having an electrode
thickness (x) of about 70 nm was formed. Such pixels were
constructed in array from signal electrodes in a number of
1024x3 (corresponding to R, G and B) and 768 scanning
electrodes to form an active-matrix substrate having pixels
in a number of 1024x3x768. Similarly, a columnar spacer
was formed of a resin by photolithography and etching
treatment on the surface of the other substrate SUB1 having
the color filters CF formed thereon.

[0061] Then, a passivation layer PAS2 was formed of
silicon nitride in a thickness of 250 nm by CVD on the
surface of the substrate SUB1 having the pixel electrodes
PX formed thereon, between the two substrates SUB1 and
SUB2. The passivation layer PAS2 can be formed of another
inorganic or organic layer. The passivation layer PAS2 has
to have such a thickness that it can prevent continuity
between the pixel electrodes PX and the liquid crystals. A
pair of the substrates SUB1 and SUB2 thus produced were
placed facing each other and the periphery of the resulting
assembly was coated with a sealer to construct a liquid
crystal cell. As a material for the liquid crystal layer LC to
be enclosed in the liquid crystal cell, there was used a
composition obtained by mixing three compounds having
values of a number of carbon at alkyl chain between
mesogens (n) of 7, 9 and 11, respectively, and having the
structure 1 described in non-patent document 2, in the ratio
of 1:1.15:1, respectively. As a chiral dopant, BDHI1281
manufactured by Merck Ltd. was added in an amount of
several percent so that Bragg scattering center wavelength
due to chiral pitch might be in the ultraviolet wavelength
region. The above-mentioned material makes it possible to
obtain optically isotropic liquid crystals that show optical
isotropy (a cholesteric blue phase) in a wide temperature
range near room temperature. The liquid crystal composition
was enclosed in the cell in a vacuum and the cell was sealed
with a sealer comprising an ultraviolet-setting resin to
produce a liquid crystal panel. In this case, the thickness of
the liquid crystal layer LC was adjusted to 10 microns when
the liquid crystals were in the enclosed state. The liquid
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crystal material used in this case is not limited to the liquid
crystal material used above. There may be used liquid
crystal materials that introduce optically isotropic blue
phases, for example, as described in non-patent document 5,
a liquid crystal composition composed of JC1041-0XX
(liquid crystal material manufactured by Chisso Co. Ltd.),
4-cyano-4'-phentylbiphenyl 5CB (liquid crystal material
manufactured by Aldrich Co. Ltd.) and ZI.1-4572 (chiral
dopant manufactured by Merck Co. Ltd.). There may also be
used media which are optically isotropic when no voltage is
applied thereto but are optically anisotropic when voltage is
applied.

[0062] By employing the structure described above, the
decrease of the stabilization rate can be suppressed and
display troubles such as flicker of transmitted light can be
prevented, in a liquid crystal device structure using three-
dimensionally optically isotropic liquid crystals.

[Formation of a Surface Layer having a Periodic Structure]

[0063] It is known that three-dimensionally optically iso-
tropic liquid crystals have an isotropic three-dimensional
periodic structure when no voltage is applied thereto. As this
periodic structure, there are those having a pitch in the range
of the lattice constant of a conventional crystal structure to
the wavelength of visible light. This periodic structure can
be said to be a state like a kind of crystals. In the case of
partial application of a strong electric field to liquid crystals
having such a structure, the periodic structure is distorted, so
that light leakage and a lowering of contrast are likely to be
caused owing to a state like hysteresis. That is, although the
electrode structure described in the above item [Basic struc-
ture of a device] permits application of a strong electric field
to the optically isotropic liquid crystals, the periodic struc-
ture is distorted by the partial application of the strong
electric field to a liquid crystal layer during the electric field
application, so that the return of the liquid crystal layer to the
optically isotropic state becomes difficult in some cases
when the application of a voltage is stopped. In order to
solve such a problem, the structure shown in FIG. 4 is
employed in the present investigation. In FIG. 4, a liquid
crystal display device is produced by the same process as in
the above item [Formation of a passivation layer] except for
forming a surface layer SL in place of the passivation layer
PAS2 in FIG. 3.

[0064] In this case, the surface layer SL is preferably
located in contact with the lower surface of a liquid crystal
layer LC, as a layer having a periodic structure on its
surface. It is conjectured that the distortion of the periodic
structure of the optically isotropic liquid crystals becomes
especially serious in a region near pixel electrodes PX in the
liquid crystal layer LC. However, when the surface layer SL
having a periodic structure is located as described in the
present investigation, the interaction between the surface
layer SL and the liquid crystal layer LC at the boundary
surface between them improves the retention of the periodic
structure of the optically isotropic liquid crystals, so that
unsatisfactory alignment can be reduced.

[0065] As specific examples of optically isotropic phase
stabilization layer AL, an alignment layer used in the case of
nematic liquid crystals, and the like are thought of. In the
present investigation, although the surface layer SL is
formed by SiO, oblique vapor deposition, it may be formed
by forming a polyimide layer and rubbing this layer. In this
case, a solution of polyamic acid varnish is formed by
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printing on the pixel electrodes PX and baked at 220° C. for
30 minutes to form a polyimide layer of about 100 nm. Then,
the polyimide layer is rubbed to form a periodic structure on
the surface of the polyimide layer, whereby the surface layer
SL is completed. In addition, it is also possible to form a
periodic structure in the layer by light irradiation without
rubbing. The surface layer SL having the periodic structure
is not a layer for giving initial molecular alignment to the
liquid crystal layer, unlike in the case of nematic liquid
crystals. Therefore, the layer need not be located on each of
the upper and lower boundary surfaces of the liquid crystal
layer, and it is sufficient that the layer is formed only on a
lower substrate SUBI.

[0066] When the structure described above is employed,
the surface layer SL in contact with the lower boundary
surface of the liquid crystal layer LC helps to retain the
periodic structure of the optically isotropic liquid crystals, so
that light leakage and a lowering of contrast can be pre-
vented. Although the surface layer SL is formed directly on
the pixel electrodes PX in FIG. 4, the surface layer SL may
be formed through a passivation layer PAS2 as shown in
FIG. 5.

[0067] FIGS. 6 to 10 show a structure in the case of using
a thermoplastic resin PMMA in the optically isotropic phase
stabilization layer AL. In this structure, the optically isotro-
pic phase stabilization layer AL was formed by procedure
shown in FIGS. 6 to 8. At first, PMMA was applied on a gate
insulator GI2 provided on a substrate SUB1. Then, the
PMMA was heated at 200° C. to be softened, and a mold
MO separately produced by an electron beam writing tech-
nology was brought into contact with the PMMA and
pressed to deform the PMMA layer. The PMMA layer was
cooled in such a state and was allowed to stand until the
PMMA was hardened. Thereafter, the mold MO was peeled
off to form pillars (a pillar-shaped structure) with a thickness
of 70 nm and a height of 200 nm on the PMMA surface,
whereby the optically isotropic phase stabilization layer AL
was formed.

[0068] The periodic structure in the optically isotropic
phase stabilization layer AL is preferably formed in the form
of pillars or ribs (a wall structure) at a pitch of visible light
wavelength or shorter (400 nm or shorter) in order to prevent
coloring by light interference. A material for the periodic
structure is not limited so long as it is a resin such as a
thermoplastic resin, thermosetting resin, photo-setting resin
or the like. As the periodic structure of the surface of the
optically isotropic phase stabilization layer AL, there is a
structure composed of concavities and convexities ranging
in one direction as shown in FIG. 9, in particular, a structure
composed of square pillars. There is also a structure com-
posed of columns as shown in FIG. 10. The shape of the
pillar may be any of shapes such as a column, triangular
pillar, square pillar, cone, triangular pyramid, quadrangular
pyramid, etc. or may be hemispherical, so long as such a
structure is formed while keeping a periodic order at a pitch
of visible light wavelength or shorter.

[Formation of an Electrode Shape]

[0069] In the above item [Formation of a surface layer
having a periodic structure|, rubbing or light irradiation is
described as a method for imparting the periodic structure to
the surface layer SL. However, when the surface layer SL is
located right over the pixel electrodes PX, image sticking
due 1o the rubbing or light irradiation has to be investigated.
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FIG. 11 is an enlarged view of the portions corresponding to
the passivation layer PAS, pixel electrode PX and surface
layer SL in FIG. 4. In this case, when the angle 8 at the
corner of the pixel electrode PX is too large, the surface
layer SL cannot be uniformly rubbed in its portion near the
aforesaid corner, so that a defective portion DI having no
periodic structure imparted thereto is formed. When the
angle O is large, an electric field tends to be centered at a
region near the corner of the pixel electrode PX and hence
the role of the surface layer SL becomes especially impor-
tant. Therefore, the difficulty of the return of the liquid
crystal layer to the optically isotropic state is not partly
diminished owing to the formation of the defective portion
DI. To solve this problem, it is sufficient that the pixel
electrode PX is tapered as shown in FIG. 12. That is, by
decreasing the angle at the corner, the following effects can
be obtained: the uniformity of rubbing is improved, and
moreover, the centering of an electric field at the vicinity of
the corner is lessened to reduce the partial application of a
strong electric field to the optically isotropic liquid crystals.
It is conjectured that such effects can be markedly obtained
by adjusting the angle ® at the corner to an angle in the range
of 0°<®<45°.

[0070] On the other hand, when the surface layer SL is
irradiated with light, it can be speculated that as shown in
FIG. 13 or FIG. 14, the irradiation light UL is reflected by
the edge of the pixel electrode PX and that the surface of the
optically isotropic phase stabilization layer is irradiated with
the reflected light. In this case, a region irradiated with the
reflected light is irradiated also with the irradiation light UL
directly cast thereon, so that a defective portion DI having
a disordered periodic structure is formed. To prevent such
double irradiation, it is sufficient that when the angle at the
corner of the pixel electrode PX is taken as ©, the height of
the pixel electrode PX as x and the thickness of the surface
layer SL as y, ®, x and y are set so as to satisfy the
relationship y>x/2 sin’® (0°<@<45°). By such setting, as
shown in FIG. 15, the double irradiation due to the two
patterns shown in FIG. 13 and FIG. 14 is avoided, so that the
function of the optically isotropic phase stabilization layer
can be improved.

[Formation of a Multi-Domain]

[0071] In this investigation, the multi-domain structure of
a liquid crystal device using optically isotropic liquid crys-
tals is explained.

[0072] A uniaxial optically anisotropic medium involves
the angle dependence of retardation. Therefore, even when
a light display has a white color in a normal-line direction
with respect to a liquid crystal display device, there is the
following direction when the light display is looked at
askance: a direction from which the light display looks
yellow because of an increase of the retardation, or a
direction from which the light display looks blue because of
a decrease of the retardation. Accordingly, when the direc-
tion of an interdigital pattern formed in a pixel electrode PX
in a pixel (the direction of slits S) is uniform as shown in
FIG. 16, coloring is caused depending on the direction of
watching. In order to improve such visual angle character-
istics, there is a technique for designing pixel electrodes so
that two portions (domains) different in director may be
formed when a voltage is applied. When the two domains
different in director are formed in a pixel at the time of
application of a voltage, blue and yellow are combined to
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give a color inclining toward white because coloring in a
visual angle direction is leveled by additive mixture of color
stimuli. To form such two domains, it is sufficient that two
regions different in the direction of slits S are formed as
shown in FIG. 17. This is because such design permits
formation of two regions different in the direction of an
electric field applied between a pixel electrode PX and a
common electrode CT. In this case, when the angle between
the directors in the two domains, respectively, is 90°, col-
oring is most satisfactorily leveled, so that the dependence
on view angle is broken. On the other hand. when conven-
tional nematic liquid crystals are used, a design is adopted
in which the direction of slits S is deviated from the direction
of minor axis of a pixel electrode PX (the direction of minor
axis of a pixel) by less than 10° in view of the influence of
the initial molecular alignment of a liquid crystal layer and
the direction of rotation of liquid crystal molecules. That is,
the directions of slits S corresponding to the two domains are
deviated from each other by less than 20°.

[0073] On the other hand, optically isotropic liquid crys-
tals have the following property: they are three-dimension-
ally or two-dimensionally optically isotropic when no volt-
age is applied thereto, though when an electric field is
applied thereto, they induce birefringence only in the direc-
tion of the application. Therefore, when a voltage is applied
to the optically isotropic liquid crystals, they show optical
uniaxiality, so that their transmittance becomes dependent
on view angle as in the case of nematic liquid crystals. In
addition, the optically isotropic liquid crystals are different
from the nematic liquid crystals in that their molecules are
aligned in the direction of an electric field because the
optically isotropic liquid crystals are free from initial
molecular alignment having optical anisotropy.

[0074] The multi-domain structure, which is the most
suitable for optically isotropic liquid crystals for the above
reasons, is explained below with reference to FIGS. 18 to 22.
FIG. 18 shows an assembly of a pixel electrode PX and a
common electrode CT in a pixel. This assembly is designed
so that two domains are present in the pixel and that the
directions of an interdigital pattern (slits S) in the two
domains, respectively, may be deviated from the direction of
the minor axis of a pixel electrode PX (the direction of the
minor axis of the pixel) by less than 45° and 135°, respec-
tively. By designing the assembly so that the angle between
the directions of slits S in the two domains, respectively,
may be 90°, an electric field is applied between the common
electrode CT and the pixel electrode PX in interdigital shape
having the above-mentioned deviation of 90°. Therefore, it
becomes possible to deviate the directors of optically iso-
tropic liquid crystals in the two domain, respectively, from
each other by 90°. As to a polarizing plate provided on each
of the upper and lower surfaces of a liquid crystal panel, the
directions of the axes of transmission of the polarizing
plates, respectively, have to be perpendicular to each other
and the direction of the axis of transmission of each polar-
izing plate has to be set at a direction deviated from the
direction of slits S by 45° or 135°.

[0075] Although a minor error is caused in actual elec-
trode design, substantially the same effect can be obtained so
long as the angle between the directions of slits S in the two
domains, respectively, is in the range of not more than 92°
and not less than 88° (also in the case of setting other angles,
substantially the same effect can be obtained so long as the
above-mentioned angle is in the range of £2°).
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[0076] On the other hand, the following problem is newly
caused in the above-mentioned assembly: since the slits S
are located at oblique angles of 45° or 135° in the pixel
electrode PX, a sufficiently long slit S structure cannot be
formed near the corner of the pixel electrode PX, so that the
inside of the pixel cannot be effectively utilized. For reliev-
ing this problem, the pixel structure shown in FIG. 19 is
preferable. This structure is a multi-domain structure
attained by forming slits S parallel to each of the long side
and short side of a pixel electrode PX or a common electrode
CT in a pixel. Owing to such a structure, the angle between
the directors of optically isotropic liquid crystals in the two
domains, respectively, can be set at 90° and an interdigital
form can be obtained which permits effective utilization of
the inside of the pixel. In this structure, the directors in the
two domains, respectively, make angles of 0° and 90°,
respectively, with the direction of short side of the pixel
electrode PX (the direction of short side of the pixel).

[0077] In addition, the pixel structure shown in FIG. 20 is
thought of as a modification of the structure shown in FIG.
18 or FIG. 19. In FIG. 20, a pixel electrode PX itself has a
bent shape, i.e., V-shape, which corresponds to the shape of
slits S formed at angles of 45° and 135°. By employing such
a shape of the pixel electrode PX, the inside of a pixel can
be effectively utilized without forming a region having short
slits S, as compared with the structure shown in FIG. 18.
Moreover, the structure shown in FIG. 20 is advantageous in
that the number of the ends of slits S in the pixel electrode
PX can be reduced as compared with the structure shown in
FIG. 19. Since a uniform transverse electric field is not
formed at the ends of slits S, an alignment component
parallel to the axis of absorption of a polarizing plate arises,
so that an alignment change cannot be utilized as a trans-
mittance change, resulting in a lowered transmittance.
Therefore, it becomes possible to improve the transmittance
by the use of the structure having a reduced number of the
ends of slits S which have undesirable influences. In the
structure shown in FIG. 21, the bent portion of a pixel
electrode PX and the slits S has a curved shape. From
properties of optically isotropic liquid crystals, it is conjec-
tured that they behave like an elastomer. Therefore, if the
director changes discontinuously at the boundary between
the two domain, disclination is liable to be caused. In FIG.
21, in order to suppress the occurrence of this disclination,
the V-shaped bent portion of the pixel electrode PX and the
slits S is given a continuously curved shape, whereby it
becomes possible to make the change of the director con-
tinuous. In the structures shown in FIG. 20 and FIG. 21, a
common electrode CT is also given a V-like bent shape
because the pixel electrode PX is given a V-like bent shape.
However, in a structure in which separate common elec-
trodes are not provided in pixels, respectively, for example,
in the case of a medium- or small-sized liquid crystal display
device, a common electrode has no bent structure. In the
structure shown in FIG. 21, the efliciency can be further
improved by giving a curved shape also to the V-shaped bent
portion of the common electrode CT.

[0078] FIG. 22 shows the organization of a group of pixels
in a display device in the case of using the electrode
structure shown in FIG. 20 or FIG. 21. An image signal
transmitted by an image signal line DL is supplied to a pixel
electrode PX through a thin-film transistor TFT controlled
by a gate signal line GL. A display is given by forming an
electric field between the pixel electrode PX and a common
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electrode CT to drive a liquid crystal layer. In this case, since
the pixel electrode PX and the common electrode CT have
a V-like bent shape given by processing, the image signal
line DL is also preferably given a bent shape so as to
conform to the pixel electrode PX and the common electrode
CT. When such a shape is given, it becomes possible to
attain a display element free from a space between pixels.

[Production of a Liquid Crystal Material]

[0079] In this investigation, there are explained the pro-
duction of an optically isotropic liquid crystal material
highly adaptable to a liquid crystal device, and a device
structure using this material.

[0080] Of optically isotropic liquid crystal materials, poly-
mer stabilization type blue phases are known as materials
that are three-dimensionally optically isotropic when no
voltage is applied thereto. As the polymer stabilization type
blue phases, there are known materials obtained as follows:
a non-liquid-crystal monomer(s) represented by any of the
chemical formulas 1 to 3, a liquid crystal monomer repre-
sented by the chemical formula 4, a crosslinking agent
represented by the chemical formula 5 and a photopolymer-
ization initiator represented by the chemical formula 6 are
irradiated with ultraviolet light (UV) to effect photo-
crosslinking, whereby final optically isotropic liquid crystals
are obtained.

Chemical formula 1

and/or

~

Y
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[0081] However, a problem is caused when such a liquid
crystal material is used in a liquid crystal device. FIG. 23
shows a display element obtained by mixing the materials of
the above chemical formulas 1 to 6 and enclosing the
mixture in a liquid crystal cell. A liquid crystal layer LC is
located between a substrate SUB2 having color filters CF
and a substrate SUB1 having common electrodes CT and
pixel electrodes PX. In this case, in order to subject the
liquid crystal layer LC to photo-crosslinking, irradiation
with ultraviolet light UV from the substrate SUB1 or SUB2
side 1s necessary, but the following problem is caused: since
the ultraviolet light UV is not transmitted by the color filters
CF and the like, the ultraviolet light UV does not reach the
liquid crystal layer LC in the whole or a part of the liquid
crystal cell.

[0082] In order to solve this problem, the following pro-
duction of an optically isotropic liquid crystal material is
thought of.

[0083] In this investigation, an optically isotropic liquid
crystal material represented by the chemical formulas 12 to
16 is obtained by heat-crosslinking by using a non-liquid-
crystal monomer(s) represented by any of the chemical
formulas 7 to 9, a liquid crystal monomer represented by the
chemical formula 10 and an epoxy type heat-crosslinking
agent represented by the chemical formula 11.

A (OO
[0}

Y

0

|
0]
Oy

Chemical formula 2
/\[( NN
@]
Chemical formula 3
Chemical formula 4
Chemical formula 5

0]
(6]
2 )_@7 O/\/\)k/
0] [0}
O\/\/O@_](
(6]

Chemical formula 6
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Chemical formula 7

and or
HN
Chemical formula 8

/\/\/\/ and or
N

Chemical formula 9
N
Chemical formula 10

HN /\/\/\/\O o

Chemical formula 11

n=1~3
Chemical formula 12

)5t )5t
C—C—R—C—C—N
H, H, |
OH OH R’
n
Chemical formula 13
OH
R= |
~,.~° O\C/CH\ /O\C/
H ?H3 H, L
C
I
CH;
and or
Chemical formula 14
\C /O O\C P and or
H, THS H
|
CH,
Chemical formula 15
Ny —\_0
\\c/'f> \ e \b//
0 ¢ mn
H2
Chemical formula 16
R= —FR" < > <\ />
[0084] wherein R"=an alkyl straight chain of 2 to 10

carbon atoms or a methoxy group having an alkyl
straight chain of 2 to 10 carbon atoms,

[0085] X any of a hydrogen atom, a fluorine atom, a
methyl group, an ethyl group, a cyano group, a
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methoxy group, an acetyl group and a carboxylic
acid group, or a mixture thereof, and/or
[0086] R'=C,Hs,,,,in which m=5 to 10

[0087] At first, the compound(s) represented by any of the
chemical formulas 7 to 9 and the compound represented by
the chemical formula 10 are mixed and then enclosed in a
liquid crystal cell, after which the heat-crosslinking agent
represented by the chemical formula 11 is enclosed therein.
Subsequently, the compounds enclosed are heated at about
50° C for 2 hours to effect heat-crosslinking, whereby the
compound represented by the chemical formulas 12 to 16
can be obtained. By adopting the above production process,
the optically isotropic liquid crystal material can be pro-
duced without light irradiation and can be made into a liquid
crystal device structure of great utility.
[0088] In addition, when a heat-crosslinked liquid crystal
material is used as in the present investigation, heat-
crosslinked molecules are firmly anchored onto substrates
holding the liquid crystal material between them, by forming
a thin film of a polyimide resin on the substrates, whereby
a liquid crystal device can be produced in which image
sticking is reduced. Such a structure is shown in FIG. 24.
The structure shown in FIG. 24 is the same as the structure
shown in FIG. 23 in that a liquid crystal layer LC is located
between a substrate SUB2 having color filters CF and a
substrate having common electrodes CT and pixel electrodes
PX. But, the former is different from the latter in that a
polyimide resin thin film PO is located on the contact surface
between the liquid crystal layer L.C and each of the upper
and lower substrates.
[0089] By employing such a structure, there can be
obtained an effect of reducing image sticking and display
nonuniformity due to afterimage.
[0090] It should be further understood by those skilled in
the art that although the foregoing description has been
made on embodiments of the invention, the invention is not
limited thereto and various changes and modifications may
be made without departing from the spirit of the invention
and the scope of the appended claims.

1. A liquid crystal display device comprising

a first substrate and a second substrate,

polarizing plates provided on the first substrate and the

second substrate, respectively,

a liquid crystal layer located between the first substrate

and the second substrate, and

pixel electrodes and common electrodes, which are pro-

vided on the first substrate, wherein the liquid crystal
layer has such a property that optical anisotropy is
induced therein by a change of an optically isotropic
state caused by application of a voltage; either the pixel
electrodes or the common electrodes are formed in an
interdigital form; and an electric field is applied to the
liquid crystal layer by a potential difference made
between the pixel electrodes and the common elec-
trodes.

2. A liquid crystal display device according to claim 1,
wherein said first substrate has a plurality of pixels located
thereon in the form of a matrix, and said pixel electrodes,
said common electrode and a thin-film transistor are located
in each of the plurality of the pixels.

3. A liquid crystal display device according to claim 1,
wherein said first substrate has a passivation layer, and the
passivation layer is located between said liquid crystal layer
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and the nearest electrode to said liquid crystal layer among
the electrodes located on said first substrate.

4. A liquid crystal display device according to claim 1,
wherein a surface layer is located on said first substrate; the
surface layer is located in contact with the surface of said
liquid crystal layer; and the surface layer has a periodic
structure of 400 nm or less in size.

5. A liquid crystal display device according to claim 2,
wherein said pixel electrodes are formed in interdigital
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forms; said common electrodes are formed in the form of a
flat plate; and said pixel electrodes have two interdigital
forms, which are different in direction by not more than 92°
and not less than 88°, in each of the plurality of said pixels.

6. A liquid crystal display device according to claim 1,
wherein said liquid crystal layer is obtained by thermal
polymerization reaction.

[ T R T
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