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(57) ABSTRACT

A method of controlling the alignment of a ferroelectric lig-
uid crystal without the need of an alignment process, such as
a rubbing process and a photo alignment process, in a liquid
crystal display using a ferroelectric liquid crystal. The
method uses a columnar alignment layer having a column
structure with a plate-like molecule having photo dichroism
in the visible light range as one of the alignment layers for
controlling the alignment of the ferroelectric liquid crystal.
The method forms a reactive liquid crystal layer produced by
fixing a reactive liquid crystal including a polymerizable lig-
uid crystal material on the side to be contacted with the
ferroelectric liquid crystal on the columnar alignment layer,
showing the nematic phase on the columnar alignment layer.

14 Claims, 3 Drawing Sheets
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LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to liquid crystal display using
ferroelectric liquid crystal.

2. Description of the Related Art

Since liquid crystal display has features that it is thin and is
low in power consumption and other features, the use has
been expanding in various articles from large-sized displays
to portable information terminals and the development has
been actively made. Conventionally, for liquid crystal dis-
play, a TN system, an STN multiplex driving system, an
active matrix driving system in which thin film transistor
(hereinafter, it may be referred to as “TFT element”) are used
in TN, and others have been developed and made practicable.
However, nematic liquid crystal is used therein; therefore, the
response speed of the liquid crystal material is as small as
several milliseconds to several tens of milliseconds and it
cannot be said that these sufficiently cope with display of
moving images.

On the other hand, ferroelectric liquid crystal exhibits a
very short response time in order of microseconds, thus fer-
roelectric liquid crystal is suitable for high-speed devices. As
such ferroelectric liquid crystal, there is well known a bistable
liquid crystal suggested by Clark and Lagerwall and which
has two stable states when no voltage is applied thereto.
However, the liquid crystal has a problem that the liquid
crystal has memory property but graduation display cannot be
attained since the switching thereof is limited to two states,
namely, bright and dark states.

In recent years, attention has been paid to ferroelectric
liquid crystal, in which the liquid crystal layer thereof is
stable in a single state (hereinafter referred to as
“monostable”) when no voltage is applied thereto, as a liquid
crystal which makes it possible to attain graduation display by
the matter that the director (the inclination of the molecule
axis) of the liquid crystal is continuously changed by a change
in applied voltage so as to analogue-modulate the light trans-
mission thereof (NONAKA, T., LI, J., OGAWA, A., HOR-
NUNG, B., SCHMIDT, W., WINGEN, R., and DUBAL, H.,
1999, Liq. Cryst., 26, 1599).

In general, as a method for having the mono-stability of the
ferroelectric liquid crystal, there are a polymer stabilizing
method for adding a ultraviolet curable monomer in he liquid
crystal material, injecting into a cell, and curing so as to
stabilize the alignment of the liquid crystal, or a method for
raising the temperature of the ferroelectric liquid crystal to a
temperature higher than the phase transition point, and then
cooling down gradually.

However, according to the polymer stabilizing method,
problems are involved in that the process is complicated, the
driving voltage is high, or the like. Moreover, according to the
latter method not using the polymer stabilizing method, two
different domains in the layer normal direction (hereinafter it
may also be referred to as the “double domains™) can easily be
formed so as to give rise to the grave problem of the display
with the black and white inverted at the time of the drive. As
to the double domains, although a method for having the
mono domain by the electric field induced technique (, which
uses DC voltage during cooling process) of gradually cooling
while applying the voltage, is known (PATEL, I., and
GOODBY, J. W., 1986, J. Appl. Phys., 59, 2355.), there is a
problem of the alignment disturbance in the case the ferro-
electric liquid crystal again has a temperature higher than the
phase transition point, and thus the practical usability is low.
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Moreover, as a technique for align the liquid crystal, there
also are the rubbing process, the photo alignment method, or
the like. According to the rubbing process, which provides the
alignment ability by rubbing the polyimide-coated surface, it
is difficult to have the evenness at the time of processing a
large area, and moreover, there are the problems of generating
the static electricity, the dusts, or the like. On the other hand,
according to the photo alignment method, which provides the
alignment ability by arranging the molecules in a specific
direction by irradiating a compound having the photo align-
ment property with an ultraviolet ray, or the like, it is advan-
tageous in that the quantitative alignment process can be
controlled without generation of the static electricity or the
dusts, however, a problem is involved in that the device cost is
required due to the need of the exposing process.

On the other hand, such liquid crystal display comprises
two alignment substrates having an electrode layer and an
alignment layer on a substrate, so as to have the alignment
layers face with each other, with the space between the align-
ment substrates filled with a liquid crystal. Furthermore, in
general, a polarizing plate for changing an incident non polar-
ized light beam to a linear polarized light beam is attached to
the outside of the substrates.

Accordingly, since the liquid crystal display utilizes the
birefringence effect, for the visualization, a polarizing plateis
required. However, since the polarizing plate is attached to
the outside of the substrate, scattering of the light is generated
at the interface between the substrate and the polarizing plate
so that a problem arises in that the light transmission can
easily be lowered.

Moreover, recently, particularly for the usage in the por-
table terminal, or the like, miniaturization is demanded so that
a thin shape and a light weight are required for the liquid
crystal display. To meet this demand, in the case the thin shape
and the lightweight are to be realized by changing the con-
ventional glass substrate to a plastic substrate, since the polar-
ization is disturbed by the birefringence of the plastic sub-
strate, the substrate to be used is extremely limited and
expensive. Moreover, although the display quality deteriora-
tion due to the birefringence of the substrate can be prevented
by disposing a polarizing plate inside the substrate, since the
conventional polarizing plate is produced in general by con-
taining an iodine to a drawing alignment film, a problem is
involved in that such a polarizing plate cannot be formed
inside the substrate.

SUMMARY OF THE INVENTION

The present invention has been achieved in view of the
problems. The main object is to control the alignment of the
ferroelectric liquid crystal by a simple method without the
need of an alignment process such as the rubbing process and
the photo alignment process in a liquid crystal display using
a ferroelectric liquid crystal, moreover, to better solve the
light scattering generated at the interface between the polar-
izing, plate and the other functional layers compared with the
case of separately providing the polarizing plate by the use of
an alignment layer having the alignment function of control-
ling the alignment of the ferroelectric liquid crystal and the
polarizing function of changing a non polarized light beam to
a linear polarized light beam and thereby restrain the deterio-
ration of the light transmittance, and furthermore, to achieve
a thin shape and a light weight of the liquid crystal display.

In order to achieve the object, the present invention pro-
vides a liquid crystal display comprising a first alignment
substrate having afirst substrate, a first electrode layer formed
on the first substrate and a first alignment layer formed on the
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first electrode layer, and a second alignment substrate having
a second substrate, a second electrode layer formed on the
second substrate, a second alignment layer formed on the
second electrode layer, and a reactive liquid crystal layer
formed on the second alignment layer, produced by fixing a
reactive liquid crystal including a polymerizable liquid crys-
tal material and showing the nematic phase; disposed such
that the first alignment layer and the reactive liquid crystal
layer face with each other, with a ferroelectric liquid crystal
interposed between the first alignment substrate and the sec-
ond alignment substrate; wherein the second alignment layer
has a column structure a with plate-like molecule having a
photo dichroism in a visible light range laminated with the
normal direction of the plate-like molecule aligned in a cer-
tain direction, and it is a columnar alignment layer having the
alignment function and the polarizing function.

According to the present invention, since the columnar
alignment layer having the alignment function and the polar-
izing function is used as the second alignment layer, com-
pared to the case of separately providing the polarizing plate,
scattering of the light beam generated at the interface between
the polarizing plate and the other functional layers can be
solved better, and thereby the deterioration of the light trans-
mission can be restrained. Moreover, since the columnar
alignment layer having the polarizing function (second align-
ment layer) is formed inside the second substrate so as not to
suffer the influence of the birefringence of the second sub-
strate, a plastic substrate having the birefringence can also be
used as the second substrate. Thus, a thin shape and a light
weight of the liquid crystal display can be achieved to lead to
the cutback of the production cost. Furthermore, since the
columnar alignment layer used in the present invention is
formed, utilizing the self organization of the plate-like mol-
ecule, it can be formed by a simple method without the need
of the alignment process such as the rubbing process and the
photo alignment process, and thus it is advantageous. Fur-
thermore, according to the present invention, since the gap
between the first alignment layer and the reactive liquid crys-
tal layer is filled with the ferroelectric liquid crystal, genera-
tion of the alignment defect such as the double domains can
be prevented so that the mono-domain alignment of the fer-
roelectric liquid crystal can be obtained.

According to the invention, it is preferable that the first
alignment layer is the columnar alignment layer, and the
normal direction of the plate-like molecule of the first align-
ment layer and the normal direction of the plate-like molecule
of the second alignment layer are disposed substantially per-
pendicularly. Since the columnar alignment layer having the
alignment function and the polarizing function is used as the
first alignment layer, the deterioration of the light transmit-
tance as mentioned above can be restrained. Moreover, since
the columnar alignment layer having the polarizing function
(first alignment layer) is formed inside the first substrate, the
selection range of the material used for the first substrate can
be widened so that a thin shape and a light weight of the liquid
crystal display and the production cost cutback can be
achieved. Furthermore, since the columnar alignment layer is
formed, utilizing the self organization of the plate-like mol-
ecule, it can be formed by a simple method without the need
of the alignment process such as the rubbing process and the
photo alignment process.

Moreover, according to the present invention, it is prefer-
able that the columnar alignment layer comprises a resin layer
with a concave part or a convex part having a predetermined
width formed on the surface in a pattern, and the column
structure formed along the concave part of the resin layer.
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Since the column structure is formed along the concave part
of the resin layer, the column structure can be easily aligned
in a certain direction.

Furthermore, according to the present invention, it is pref-
erable that the plate-like molecule shows a lyotropic liquid
crystal phase in an aqueous solution. Since the plate-like
molecule forms a column structure in the aqueous solution by
the self organization so as to show the lyotropic liquid crystal
phase, by coating a columnar alignment layer forming coat-
ing solution containing the plate-like molecule, the column
structure can be aligned easily. Moreover, since the plate-like
molecule is water soluble, the fixing process for fixing the
column structure can be facilitated.

Further, according to the invention, it is preferable that the
ferroelectric liquid crystal shows the mono-stability driving
characteristic. Since the ferroelectric liquid crystal shows the
mono-stability driving characteristic, the graduation display
can be enabled so that a highly precise liquid crystal display
for the color display can be obtained.

Still further, in the invention, it is preferable that the ferro-
electric liquid crystal shows a phase transition sequence with-
out the smectic A phase in the temperature cooling process. A
ferroelectric liquid crystal showing such a phase transition
sequence tends to show the mono-stability driving character-
istic, and by using such a ferroelectric liquid crystal, a highly
precise liquid crystal display for the color display can easily
be obtained.

Moreover, it is preferable that the invention comprises thin
Filmtransistor (TFT element) in the first electrode layer or the
second electrode layer of the active matrix drive. By adopting
the active matrix system using TFT element, it becomes pos-
sible to switch on or off target pixels surely to give high-
quality display.

Moreover, the invention is preferably driven by a field
sequential color system for the following reason: the liquid
crystal display of the present invention has a large response
speed and makes it possible to align the ferroelectric liquid
crystal therein without forming any alignment defect; there-
fore, when the display element is driven by the field sequen-
tial color system, bright and highly precise display of color
moving images which has a wide field angle can be realized at
low costs and low power consumption.

According to the present invention, since the columnar
alignment layer is used for controlling the alignment of the
ferroelectric liquid crystal, the ferroelectric liquid crystal can
be aligned by a simple method without the need of the align-
ment process such as the rubbing process and the photo align-
ment process. Moreover, compared to the case of separately
providing the polarizing plate, the scattering of the light beam
generated at the interface between the polarizing plate and the
other functional layers can be solved better, and thereby the
deterioration of the light transmittance can be restrained.
Furthermore, since the columnar alignment layer having the
polarizing function is formed inside the substrate, the selec-
tion range of the material used for the substrate can be wid-
enedso thata thin shape and a light weight of the liquid crystal
display, and furthermore, the production cost cutback can be
achieved. Moreover, generation of the alignment defect such
as the double domains can be prevented so that the mono-
domain alignment of the ferroelectric liquid crystal can be
obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic sectional view illustrating one
example of the liquid crystal display of the present invention.
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FIGS. 2A and 2B are a diagram for explaining the plate-
like molecule and the column structure of the columnar align-
ment layer used in the present invention.

FIG. 3 is a schematic perspective view illustrating one
example of the liquid crystal display of the present invention.

FIG. 4 is a schematic sectional view illustrating one
example of the liquid crystal display of the present invention,

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present inventors have found out that a columnar align-
ment layer having the alignment function of controlling the
alignment of the ferroelectric liquid crystal and the polarizing
function of changing the non polarized light beam to the
linear polarized light beam can be obtained by a simple
method with utilizing the self organization of the plate-like
molecule having the photo dichroism in the visible light
range.

However, in the case the ferroelectric liquid crystal is
directly contacted with the columnar alignment layer, since
the ferroelectric liquid crystal is aligned in the axial direction
of the column structure formed by the plate-like molecule, it
is preferable that the two columnar alignment layers are dis-
posed such that the normal directions of the plate-like mol-
ecules of the columnar alignment layers are substantially
parallel to each other with the ferroelectric liquid crystal
interposed therebetween.

On the other hand, since the columnar alignment layer is
for changing a non polarized light beam to a linear polarized
light beam in the axial direction of the column structure, in
order to visualize the liquid crystal display, it is preferable
that the two columnar alignment layers are disposed such that
the normal directions of the plate-like molecules of the
columnar alignment layers are substantially perpendicularly
with the ferroelectric liquid crystal disposed therebetween.

Then, as a result of the further elaborate discussion of the
present inventors, it was found out that by forming a reactive
liquid crystal layer, produced by fixing a reactive liquid crys-
tal including a polymerizable liquid crystal material and
showing the nematic phase, onone ofthe columnar alignment
layers so as to provide the anisotropy of the columnar align-
ment layer with the direction thereof changed to the reactive
liquid crystal layer, the alignment function and the polarizing
function of the columnar alignment layer can be performed
more effectively via the reactive liquid crystal layer so as to
complete the present invention based on the knowledge.

That is, liquid crystal display of the present invention pro-
vides a first alignment substrate having a first substrate, a first
electrode layer formed on the first substrate and a first align-
ment layer formed on the first electrode layer, and a second
alignment substrate having a second substrate, a second elec-
trode layer formed on the second substrate, a second align-
ment layer formed on the second electrode layer, and a reac-
tive liquid crystal layer formed on the second alignment layer,
produced by fixing a reactive liquid crystal including a poly-
merizable liquid crystal material, and showing the nematic
phase, disposed such that the first alignment layer and the
reactive liquid crystal layer face with each other, with a fer-
roelectric liquid crystal interposed between the first align-
ment substrate and the second alignment substrate, wherein
the second alignment layer has a column structure with a
plate-like molecule having a photo dichroism ina visible light
range laminated with the normal direction of the plate-like
molecule aligned in a certain direction, and it is a columnar
alignment layer having the alignment function and the polar-
izing function.
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Accordingly, the second alignment layer used in the liquid
crystal display of the present invention comprises a column
structure with a plate-like molecule having a photo dichroism
in a visible light range laminated with the normal direction of
the plate-like molecule aligned in a certain direction, and it is
a columnar alignment layer.

According to the columnar alignment layer, since the axial
direction of the column structure formed with the plate-like
moleculeis aligned in a certain direction, the columnar align-
ment layer has the anisotropy in the axial direction of the
column structure. On the other hand, since the plate-like
molecule has the photo dichroism in the visible light range,
the columnar alignment layer has the polarizing function of
changing the non polarized light beam to the linear polarized
light beam by the anisotropy and the photo dichroism in the
visible light range of the plate-like molecule.

Further, since the column structure and the ferroelectric
liquid crystal interact via the reactive liquid crystal layer, the
columnar alignment layer has the alignment function for con-
trolling the alignment of the ferroelectric liquid crystal.

According to the liquid crystal display of the present inven-
tion, since the columnar alignment layer having the alignment
function and the polarizing function is used as the second
alignment layer, compared with the case of separately pro-
viding the polarizing plate, scattering of the light beam gen-
erated at the interface between the polarizing plate and the
other functional layers can be better solved, and thereby the
deterioration of the light transmission can be restrained.

Moreover, according to the liquid crystal display of the
present invention, since the columnar alignment layer having
the polarizing function (second alignment layer) is formed
inside the second substrate so as not to suffer the influence of
the birefringence of the second substrate, the selection range
of the material used for the second substrate can be widened
so that a plastic substrate having the birefringence can also be
used as the second substrate to achieve a thin shape and a light
weight of the liquid crystal display. Furthermore, since the
columnar alignment layer has the alignment function and the
polarizing function, there is no need of separately forming the
polarizing plate and the alignment layer so that the manufac-
turing method of the liquid crystal display can be simplified.
This would lead to the cutback of the production cost of the
liquid crystal display.

Furthermore, since the columnar alignment layer used in
the present invention is formed, utilizing the self organization
of the plate-like molecule, it can be formed by a simple
method without the need of the alignment process such as the
rubbing process and the photo alignment process, and thus it
1s highly practical.

Furthermore, according to the liquid crystal display of the
present invention, since the gap between the first alignment
layer and the reactive liquid crystal layer is filled with the
ferroelectric liquid crystal, owing to the interaction between
the ferroelectric liquid crystal and these functional layers,
generation of the alignment defect such as the double
domains can be prevented so that the mono-domain align-
ment of the ferroelectric liquid crystal can easily be obtained,
and thus it is advantageous.

Such aliquid crystal display ofthe present invention will be
explained with reference to the drawings. FIG. 1 is a sche-
matic cross-sectional view showing an example of the liquid
crystal display of the present invention. As shown in F1G. 1, a
first alignment substrate 11 having a first substrate 1a, a first
electrode layer 2a formed on the first substrate 1a and a first
alignment layer 3a formed on the first electrode layer 2a, and
asecond alignment substrate 12 having a second substrate 15,
a second electrode layer 25 formed on the second substrate
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154, a second alignment layer 35 formed on the second elec-
trode layer 25, and a reactive liquid crystal layer 45 formed on
the second alignment layer 35 are formed and disposed such
that the first alignment substrate 11 and the second alignment
substrate 12 are disposed so as to have the first alignment
layer 3a and the reactive liquid crystal layer 45 face with each
other, Moreover, a ferroelectric liquid crystal is interposed
between the first alignment layer 3¢ and the reactive liquid
crystal layer 44 so as to provide a liquid crystal layer 5.

Accordingto the liquid crystal display of the present inven-
tion having such a structure, the second alignment layer 34
has a column structure with the plate-like molecule having a
photo dichroism in a visible light range laminated with the
normal direction of the plate-like molecule oriented in a cer-
tain direction, and it is a columnar alignment layer having the
alignment function and the polarizing function. Hereinafter,
the columnar alignment layer will be explained.

FIG. 2A is a diagram showing the model structure of the
plate-like molecule having a photo dichroism ina visible light
range used in the present invention and the normal direction.
FIG. 2B is a schematic perspective view of the columnar
alignment layer. As shown in FIG. 2B, according to the
columnar alignment layer, the plate-like molecule a is lami-
nated with the normal direction n of the plate-like molecule a
oriented in a certain direction so as to form a column structure
b. By arranging a plurality of such columnar structures b, a
columnar alignment layer is provided.

Therefore, the axial direction of the column structure b is
aligned in a certain direction as shown by the arrows in the
figure. According to the interaction of the column structure b
and the ferroelectric liquid crystal via the reactive liquid
crystal layer, the columnar alignment layer has the alignment
function for controlling the alignment of the ferroelectric
liquid crystal.

The columnar alignment layer in the present invention has
the anisotropy according to the alignment of the axial direc-
tion of the column structure b in a certain direction as men-
tioned above. On the other hand, since the plate-like molecule
“a” has the photo dichroism in the visible light range, the
columnar alignment layer has the polarizing function of
changing the non polarized light beam to the linear polarized
light beam by the anisotropy and the photo dichroism of the
plate-like molecule in the visible light range.

Accordingly, since the second alignment layer is a colum-
nar alignment layer having the polarizing function, a polar-
izing plate is not required on the second alignment substrate
side. However, in the case the first alignment substrate is not
provided with a layer having the polarizing function, a polar-
izing layer may be provided on the first alignment substrate
side. At the time, the normal direction of the plate-like mol-
ecule of the second alignment layer and the optical axis of the
polarizing layer provided on the first alignment substrate side
are disposed substantially perpendicularly.

Accordingto the liquid crystal display of the present inven-
tion, since the columnar alignment layer having the alignment
function and the polarizing function is used, compared with
the case of providing the polarizing plate separately, scatter-
ing of the light beam generated at the interface between the
polarizing plate and the other functional layers can be better
solved, and thereby the deterioration of the light transmit-
tance can be restrained. Moreover, since the columnar align-
ment layer (second alignment layer) is formed inside the
second substrate, the selection range of the material used for
the second substrate can be widened so that a plastic substrate
having the birefringence can be used to achieve a thin shape
and a light weight of the liquid crystal display.
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Moreover, since the alignment layer and the polarizing
plate needs not be formed separately as in the conventional
configuration, the manufacturing method of the liquid crystal
display can be simplified. These can lead to also the cutback
of the production cost.

Moreover, since a columnar alignment layer used in the
present invention is formed, utilizing the self organization of
the plate-like molecule, it can be formed by a simple method
without the need of an alignment process, and thus it is highly
practical.

It is preferable that the liquid crystal display of the present
invention comprises a combination of one of the substrates as
a TFT substrate with the TFT element disposed in a matrix
and the other substrate as a common electrode substrate with
the common electrode formed in the entire area so as to be of
the active matrix drive as shown in, for example, FIGS. 3 and
4. Since the liquid crystal display ofthe present invention is of
the active matrix drive, a targeted pixel can be turned on or off
surely and a high quality display can be obtained. Such a
liquid crystal display of the active matrix drive using the TEFT
element will be explained hereinafter.

FIG. 3 is a schematic perspective view showing an example
of the liquid crystal display of the present invention, and FIG.
4 is a schematic sectional view thereof. In FIG. 3, the first
alignment substrate is a common electrode substrate with the
first electrode layer 2a provided as the common electrode,
and on the other hand, the second alignment substrateisa TF T
substrate with the second electrode layer having an x elec-
trode 2¢, ay electrode 2d and a pixel electrode 2e. Inthe liquid
crystal display, the x electrodes 2¢ and the y electrodes 2d are
arranged each vertically and laterally. By applying a signal to
these electrodes, the TFT element 7 is operated so as to drive
the ferroelectric liquid crystal. The intersections of the x
electrodes 2¢ and the y electrodes 2d are insulated by an
unshown insulating layer so that the signal for the x electrodes
2¢ and the signal for the y electrodes 2d can be operated
independently. A portion surrounded by the x electrodes 2¢
and the y electrodes 2d is a pixel as the smallest unit for
driving the liquid crystal display of the present invention. In
each pixel, at least one TFT element 7 and a pixel electrode 2e
are formed. According to the liquid crystal display of the
present invention, by successively applying a voltage to the x
electrodes 2¢ and the y electrodes 2d, the TFT element 7 of
each pixel can be operated. In FIG. 3, the liquid crystal layer,
the first alignment layer. the second alignment layer and the
reactive liquid crystal layer are omitted.

The liquid crystal display of the present invention can be
used as a color liquid crystal display by adopting the color
filter system or the field sequential color system. In particular,
it is preferably driven by the field sequential color system.
The field sequential color system is for enabling the color
display by switching on or off the liquid crystal synchro-
nously with flickering of the LED of the three colors of red,
green and blue without the use of a color filter. Thereby, a
bright, highly precise color moving image display can be
realized with a low power consumption, a low costand a wide
view angle.

Inthis case, the ferroelectric liquid crystal is preferably one
showing the mono-stability driving characteristic. It is par-
ticularly preferably one of the half-V-shaped drive with the
liquid crystal molecules operated only at the time either a
positive voltage or a negative voltage is applied. As the fer-
roelectric liquid crystal, by using such material, the light
leakage at the time of the dark part operation (black and white
shutter aperture closed) can be reduced so that the opening
time as the black and white shutter can be made sufficiently
long. Thereby, each color to be switched by a time duration
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can be displayed further brightly so that a bright color liquid
crystal display can be obtained.

On the other hand, in the case of providing a color liquid
crystal display by adopting the color filter system, a micro
color filter disposed as a matrix of the TFT element 7 may be
formed between the first electrode layer 2a as the common
electrode and the substrate 1a.

Accordingly, the liquid crystal display of the present inven-
tion, as mentioned above, comprises the first alignment sub-
strate and the second alignment substrate, disposed to face
each other, with the ferroelectric liquid crystal interposed
between the alignment substrates. Each constituent member
of the liquid crystal display of the present invention having
these structures and a manufacturing method of the same will
be explained hereinafter.

(1) Second Alignment Substrate

First, the second alignment substrate used in the present
invention will be explained. In the present invention, the
second alignment substrate comprises a second substrate, a
second electrode layer formed on the second substrate, a
second alignment layer formed on the second electrode layer,
and a reactive liquid crystal layer formed on the second align-
ment layer.

a. Second Alignment Layer

The second alignment layer used in the present invention
has a column structure with plate-like molecule having a
photo dichroism in a visible light range laminated with the
normal direction of the plate-like molecule oriented in a cer-
tain direction, and it is a columnar alignment layer having the
alignment function and the polarizing function.

The columnar alignment layer accordingly used in the
present invention having the column structure is provided
with the alignment function for controlling the alignment of
the ferroelectric liquid crystal owing to the interaction of the
column structure and the ferroelectric liquid crystal via the
reactive liquid crystal layer to be described later.

Moreover, since the plate-like molecule comprising the
column structure has the photo dichroism in the visible light
range and the columnar alignment layer has the anisotropy in
the axial direction of the column structure as mentioned
above, it has the polarizing function owing to the anisotropy
and the photo dichroism in the visible light range of the
plate-like molecule.

Since the columnar alignment layer is formed, utilizing the
self organization of the plate-like molecule, the production
process is simple without the need of the alignment process
such as the rubbing process and the photo alignment process,
and thus it is advantageous in that the apparatus cost can be
reduced. For example, by forming a coating film while coat-
ing a columnar alignment layer forming coating solution and
drying the coating film so as to fix the column structure, the
columnar alignment layer having the column structure can be
formed.

The columnar alignment layer of the present invention is
not particularly limited as long as it has the column structure
as mentioned above, and the alignment function and the
polarizing function, however, it is preferably one comprising
a resin layer with a concave part or a convex part having a
predetermined width formed on the surface in a pattern, and
the column structure formed along the concave part of the
resin layer. Accordingly, since the column structure is formed
along the concave part of the resin layer, the column structure
can be aligned easily in a certain direction. Hereinafter, the
column structure and the resin layer will be explained.
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(Column Structure)

First, the column structure comprising the columnar align-
ment layer will be explained. The column structure used in the
present invention comprises the plate-like molecule having
the photo dichroism in the visible light range laminated with
the normal direction thereof oriented in a certain direction.

The “plate-like molecule” here denotes those having at
least a plurality of aromatic ring structures with the core
portion of the molecule disposed flatly.

The plate-like molecule is not particularly limited as long
as it forms a column structure by being laminated like a pillar.

As the plate-like molecule, for example, plate-like mol-
ecule having a hydrophilic group such as a sulfonic acid
group, or plate-like molecule having a hydrophobic group
such as a long chain alkyl group can be presented. In particu-
lar, it is preferable to use the plate-like molecule having a
hydrophilic group. According to the plate-like molecule hav-
ing a hyvdrophilic group, since the hydrophilic group is small
so that the distance between the adjacent column structures is
close, the column structure can be arranged easily. Moreover,
by neutralizing the hydrophilic parts of the sulfonic acid
group, or the like after coating and drying so as to be poor
soluble or insoluble to water, the fixing process can be facili-
tated.

As the hydrophilic group, sulfonic acid based hydrophilic
groups such as a sulfonic acid group, a sodium sulfonate
group, an ammonium sulfonate group, a lithium sulfonate
group and a potassium sulfonate group, carboxylic acid based
hydrophilic groups such as a carboxyl group, a sodium car-
boxylate group, an ammonium carboxylate group, a lithium
carboxylate group, and a potassium carboxylate group, a
hydroxyl group, an amino group, or the like can be presented.
Among these examples, the sulfonic acid based hydrophilic
groups are preferable,

The formation of the column structure by the plate-like
molecule can be confirmed by the measurement of the colum-
nar alignment layer using a X ray diffractometer.

Among the example, as the plate-like molecule used in the
present invention, those capable of forming the column struc-
ture in a solution so as to show the lyotropic liquid crystal
phase are preferable because the plate-like molecule showing
the lyotropic liquid crystal phase in a solution have a high self
organization force. For example, by coating a columnar align-
ment layer forming coating solution containing the plate-like
molecule which shows the lyotropic liquid crystal phase in a
solution, the column structure can easily be oriented, utilizing
the self organization of the plate-like molecule.

As the plate-like molecule showing the lyotropic liquid
crystal phase in a solution, the plate-like molecule showing
the lyotropic liquid crystal phase in an aqueous solution, and
the plate-like molecule which shows the lyotropic liquid crys-
tal phase in an organic solvent can be presented. The kind of
the solutions differs depending on the substituent of the plate-
like molecule. In the case the plate-like molecule has a hydro-
philic group such as a sulfonic acid group, an aqueous solu-
tion is used, and in the case it has a hydrophobic group such
as a long chain alkyl group, an organic solvent is used.

In particular, in the invention, it is preferable that the plate-
like molecule forms a column structure in an aqueous solution
and shows the lyotropic liquid crystal phase. Since such plate-
like molecule forms the column structure by the self organi-
zation in an aqueous solution and shows the lyotropic liquid
crystal phase, by coating the columnar alignment layer form-
ing coating solution containing the plate-like molecule, the
column structure can easily be aligned. Furthermore, since
the plate-like molecule is water soluble, the fixing process for
fixing the column structure can be facilitated.
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As the specific examples of the plate-like molecule having
the photo dichroism in the visible light range and shows the
lyotropic liquid crystal phase in an aqueous solution, the
substances represented by the below-mentioned chemical

formulae can be presented.
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M is a cation.

n is an integer from 2 to 4.

R is H or NHCOPh.
M is a cation.
n is an integer from 2 to 4.
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R, R' are H, a halogen, an alkyl group, an alkoxy group,

ArNH, or OPh.
M is a cation.
n is an integer from 2 to 4.

HS0;M),

R, R'are H, a halogen, an alkyl group, an alkoxy group,

ArNH, or OPh.
M is a cation.
1 is an integer from 2 to 4.

XisNHorS.
R is a halogen or an alkoxy group.

SO3M),
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M is a cation.

n is an integer from 2 to 4.

tSOM),

Ris H, OH, or OCH,,.
M is a cation.
n is an integer from 2 to 4.

HS0;M),

Ris H, OH, or OCH,.
M is a cation.

n is an integer from 2 to 4.
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Ris H, a halogen, an alkyl group, an alkoxy group, ArNH,
or OPh.

N is a cation.

n is an integer from 2 to 4.
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R is H, Br, NHAr, or

—NH 0O

M is a cation.

n is an integer from 1 to 3.

tSO;M),

R is H, Br, NHAr, or

—NH 0O

M is a cation.

n is an integer from 2 to 4.

O
xy
VR

X is H, Br, or SO;M.

R is H or an alkyl group.

R'is H, ahalogen, an alkyl group, an alkoxy group, NHPh,
or OPh.

M is a cation.

1 is an integer from 2 to 4.
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X is COOM or PO(OM),.
R', R" are H, or a halogen.
Y is NH, or OM.
M is a cation.
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X is O, CH,, NH, CONH, NHCONH, or CH—CH.
Y is H, CH;, CH;0, COOM, or SO;M.
R'is H, NO,, COOM, or SO;M.
M is a cation.
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M is a cation.
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Y is COOM or SO,M.
M is a cation.
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M is a cation.
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X is O, CH,, NH, CONH, NHCONH, or CH—=CH. Y is COOM or SO,;M.
Y is COOM or SO;M. M is a cation.
M is a cation.
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25
X is O, CH,, NH, CONH, NHCONH, or CH=CH.
Y is H, CH,, CH,0, COOM, or SO;M.

R',R" are OH or NH,.

M is a cation.
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A is one of the following a, b, ¢, d, e, f, g, or h.
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M is a cation. v v

" Xis 0, CH,, NH, CONH, NHCONH, or CH—CH.

Y is COOM or SO;M.

M is a cation.
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nis 2. It is preferable that the alkyl group in each of the chemical
Mis a cation. formula has 1 to 4 carbon atom. Moreover, the halogen in
50 each of the chemical formula is preferably Cl or Br. Further-
more, as the cation in each of the chemical formula, H*, Li*,
Na*, K*, Cs* or NH,* can be presented.
In the present invention, among the substances, the sub-
o] 55 stances represented by the chemical formulae I to V can be
0 NH .
N used preferably. Moreover, the substances can be used either
o O‘O alone by one kind or as a combination of two or more kinds.
\X Furthermore, as the material containing the plate-like mol-
ecule having the photo dichroism in the visible light range to
0 © so;M), 90 show the lyotropic liquid crystal phase in an aqueous solu-
tion, or example, “NO15” produced by Optiva, Inc. or the like
can be presented.
Moreover, the plate-like molecule is not limited to those
65 showing the lyotropic liquid crystal phase as mentioned

nis?2or3.

M is a cation.

above but also those showing the thermotropic liquid crystal
phase may be used as well.
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(Resin Layer)

Since the column structure is formed along the concave
part of the resin layer having a concave part or a convex part
with a predetermined width in the surface in a pattern, the
column structure can be aligned in a certain direction. The
pattern shape of the concave part or the convex part is not
particularly limited as long as the plate-like molecule can
form the column structure. 1n particular, it is preferably a
pattern with the concave part or the convex part formed regu-
larly by a certain interval as stripes.

The width of the concave part differs depending upon the
kind of the plate-like molecule to be used, or the like. 1t is in
general in a range of 0.1 um to 10 um, preferably in a range of
0.2 um to 1 pm, and particularly preferably in a range of 0.2
pm to 0.4 pm. 1t is difficult to form the concave part width
narrower than the range mentioned above in terms of the
production method, and on the contrary, it may be difficult to
align the column structure if the concave part width is too
wide.

Moreover, the depth of the concave part is in a range 0f 0.05
wm to 1 pm, particularly preferably in arange 0f0.1 umto 0.2
pm. 1n the case the depth of the concave part is too shallow the
function of alignment the plate-like molecule comprising the
column structure is deteriorated, and in the case the concave
part is too deep, an adverse effect can be cast on the alignment
of the ferroelectric liquid crystal.

Here, the interval at the time of forming the concave part as
the stripes differs depending on the kind of the plate-like
molecule to be used, or the like. 1t is in general the interval
between the ends of the adjacent concave parts, that is, the
width of the convex part is half or less of the visible light
wavelength, preferably in a range of 0.05 pm to 2 pm, more
preferably in a range 0f 0.1 to 1 pm, and particularly prefer-
ably in a range of 0.1 pm to 0.2 pm, 1t is difficult to form the
interval between the adjacent concave parts narrowly in terms
of the production method, and it may be difficult to align the
column structure if it is too wide. Moreover, if the interval
between the adjacent concave parts is a value close to the
wavelength of the light beam, optical problems such a color-
ing can be involved due to the diffraction of the light beam.

Moreover, the pitch of the concave parts can be selected
optionally according to the kind of the plate-like molecule to
be described later, or the like. 1t is in general in a range of 0.1
um to 10 pm, preferably in a range of 0.2 pm to 1 um, and
particularly preferably in a range of 0.2 um to 0.4 um. It is
difficult to form the interval between the adjacent concave
parts narrowly in terms of the production method, and it may
bedifficult to align the column structure if it is too wide. Here,
the “pitch of the concave parts” refers to the distance from the
center to the center of the adjacent concave parts.

The cross-sectional shape of the concave part of the resin
layer is not particularly limited, and it may be rectangular,
trapezoid, or other shapes. 1n the present invention, it is par-
ticularly preferable that the cross-sectional shape of the con-
cave part is rectangular because the column structure can
easily be oriented and aligned in a certain direction.

Such a resin layer having the concave part or the convex
part can be formed by or example preparing a concave part
forming substrate having a convex part symmetrical to the
shape of the targeted concave part on the surface and a con-
cave part forming substrate for forming the resin layer by
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interposing a hardening resin composition with respect to the
concave part forming substrate and hardening the same, lami-
nating the concave part forming substrate and the concave
part forming substrate with the hardening resin composition
coated thereon so as to interpose the hardening resin compo-
sition, hardening the hardening resin composition, and
removing the concave part forming substrate.

As the hardening resin used for the hardening resin com-
position, for example, hardening resins such as an unsatur-
ated polyester, a melamine, an epoxy, a polyester(meth)acry-
late, a urethane(meth)acrylate, an epoxy(meth)acrylate, a
polyether(meth)acrylate, a polyol(meth)acrylate, a melamine
(meth)acrylate, and a triazine based acrylate can be used
alone or as a mixture. Moreover, the resin composition may
either be a thermosetting resin or an ultraviolet ray curable
resin, or a combination thereof.

Moreover, as needed, various kinds of additives such as a
hardening agent and a photo polymerization initiating agent
may be added to the resin composition. Moreover, the viscos-
ity thereof may be adjusted using a solvent, amonomer, or the
like for the application onto the concave part forming sub-
strate.

Moreover, as to the film thickness of the resin layer, in
general, the thickness of the portion with the concave part
formed is 1 um or less, and it is preferably 0.2 um or less. In
the case the thickness of the portion with the concave part
formed is too thick, the liquid crystal display of the present
invention may be thick and heavy. Moreover, in consideration
to realize the thin shape of the liquid crystal display, the
thickness of the portion with the concave part formed is
preferably thin, however, since it is difficult to form a product
too thin, the thickness of the portion with the concave part
formed is in general 0.1 pm or more.

Here, in the present invention, in the case of copying such
arugged structure, in general, the formed resin layer surface
may have a high water repellency, however, since the colum-
nar alignment layer forming coating solution is to be coated
onto the resin layer, it is preferable that the resin layer is
hydrophilic. Therefore, a hydrophilic layer may be provided
onto the resin layer, or the hydrophilic process may be applied
to the resin layer surface. As a method of the surface treatment
for the resin layer surface to make it lyophilic, a lyophilic
surface treatment by the plasma process utilizing an argon,
water, or the like can be presented. Moreover, as the lyophilic
layer to be formed onto the resin layer, for example a silica
film formed by the sol gel process of a tetraethoxy silane, or
the like can be presented.

(Columnar Alignment Layer)

The thickness of the columnar alignment layer used in the
present invention differs depending on the characteristics
required to the liquid crystal display. 1t also differs in the case
the columnar alignment layer is a single layer having the
column structure and in the case it has the column structure
and the resin layer. For example, in the case the columnar
alignment layer is a single layer having the column structure,
the thickness of the columnar alignment layer in general is
preferably in a range of 50 nm to 2,000 nm, more preferably
in a range of 100 nm to 1,000 nm, and further preferably in a
range of 200 nm to 500 nm. 1n the case the thickness of the
columnar alignment layer is too thin, the alignment of the
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ferroelectric liquid crystal may not be controlled sufficiently.
On the other hand, in the case it is too thick, the alignment
disturbance may be generated in the vicinity of the surface,
and thus it is not preferable also in terms of the cost.

Moreover, the transmission of the columnar alignment
layer is preferably 20% or more in the entire region, and it is
more preferably 30% or more. The above-mentioned trans-
mission can be measured by a spectrophotometer for ultra-
violet and visible region.

Such a columnar alignment layer can be formed on the
substrate in a state with the column structure maintained by
forming a column structure comprising the plate-like mol-
ecule in a columnar alignment layer forming coating solution
prepared by adding the plate-like molecule in a solvent, and
coating the coating solution.

The above-mentioned columnar alignment layer forming
coating solution may contain a liquid crystal material in addi-
tion to the plate-like molecule. For example, even in the case
the plate-like molecule can hardly form the column structure,
by aligning the liquid crystal material, the plate-like molecule
can be aligned along the alignment direction of the liquid
crystal material. As such a liquid crystal material, a liquid
crystal material commonly used for forming a polarizing
layer can be used. Moreover, the liquid crystal composition
containing the liquid crystal material and the plate-like mol-
ecule may show either the lyotropic liquid crystal phase or the
thermotropic liquid crystal phase. In general, one showing the
thermotropic liquid crystal is used.

The solvent used for the columnar alignment layer forming
coating solution can be selected optionally according to the
substituent introduced to the plate-like molecule. For
example, in the case a hydrophilic group such as a sulfonic
acid group is introduced, water is used as the solvent. On the
other hand, in the case a hydrophobic group such as a long
chain alky! group is introduced, an organic solvent is used.
The organic solvent may as needed contain various kinds of
the additives such as a surfactant including a polyethylene
glycol. Among the ones mentioned above, according to the
present invention, the columnar alignment layer forming
coating solution is preferably water based because the fixing
process to be described alter can be facilitated thereby.

The coating method for the columnar alignment layer
forming coating solution is not particularly limited as long as
the normal direction of the plate-like molecule can be aligned
in a certain direction. For example, various coating methods
such as Mayer bar coating, gravure coating, die coating, dip
coating and spray coating, the screen printing method, the ink
jetmethod, or the like can be used. The coating method can be
determined optionally depending on either the column struc-
ture is formed on a plane or on the rugged surface as the resin
layer.

For example, in the case the column structure is formed on
aplane, itis preferable to select the coating method capable of
applying the shearing stress out of the methods. By using the
coating method capable of applying the shearing stress, the
column structure formation can be facilitated. As the coating
methods capable of applying the shearing stress, for example,
Mayer bar coating, slot die coating and slide coating can be
presented. In particular, it is preferable to use slot die coating.

On the other hand, in the case the column structure is
formed on the rugged surface as the resin layer, it is preferable
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to use a coating method without applying the shearing stress
so as to form the column structure along the rugged shape on
the resin layer. In this case, as the coating method, the ink jet
method, spray coating, dip coating and the flexo printing
method can be used preferably. In particular, the ink jet
method is preferable.

After coating the columnar alignment layer forming coat-
ing solution, the solvent contained in the coating film is
evaporated for drying the coating film. As the drying method,
the methods commonly used for drying the solvent, such as
heat drying, room temperature drying, freeze drying, far
infrared ray drying, or the like can be used.

After the drying operation, it is preferable to carry out the
fixing process for fixing the alignment state of the plate-like
molecule. For example, in the case the plate-like molecule to
be used have a hydrophilic group, by carrying out the hydro-
phobic process, the column structure can be stabilized and the
water resistance can be provided to the columnar alignment
layer. The hydrophobic process solution used for the hydro-
phobic process is not particularly limited as long as it can
process the hydrophilic group so as to be insoluble or poor
soluble to water by for example cross-linking, and it differs
depending on the hydrophilic group of the plate-like mol-
ecule to be used. Specifically, an aqueous solution of an
alkaline earth metal salt such as a barium salt, a calcium salt
and a magnesium salt can be used. Among them, it is prefer-
able to use a barium chloride aqueous solution. For example,
in the case the plate-like molecule has a SO,NH,, group, by
coupling the sulfonic acid ion of the SO,NH,, group and the
barium ion, the adjacent plate-like molecules can be cross-
linked so as to fix the column structure.

The hydrophobic process method is not particularly lim-
ited as long as it is a method capable of processing the hydro-
philic group so as to behydrophobic, and a method for coating
the hydrophobic process solution after coating the columnar
alignment layer forming coating solution and drying, a
method for soaking into the hydrophobic process solution, or
the like can be presented. By washing and drying after coating
or soaking in the hydrophobic process solution, the columnar
alignment layer can be obtained.

On the other hand, in the case the plate-like molecule has a
hydrophobic group such as a long chain alkyl group, by
introducing a polymerizable group in the core portion of the
plate-like molecule or a part of the alkyl side chain and
polymerizing the polymerizable group, the plate-like mol-
ecule canbe cross-linked linearly or like a mesh so as to fix the
column structure.

Furthermore, in the case the columnar alignment layer
forming coating solution contains a liquid crystal material,
the alignment state of the plate-like molecule can also be fixed
by polymerizing the liquid crystal material. In this case, the
liquid crystal material needs to have a polymerizable group.

Accordingly, in the present invention, since the columnar
alignment layer can be formed only by coating the columnar
alignment layer forming coating solution and carrying out a
simple post treatment, it is highly practical without the need
of much production cost.

b. Reactive Liquid Crystal Layer
The reactive liquid crystal layer used in the present inven-
tion is produced by fixing a reactive liquid crystal including a
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polymerizable liquid crystal material, and showing the nem-
atic phase. The reactive liquid crystal is aligned by the second
alignment layer, and it is formed by for example, polymeriz-
ing the reactive liquid crystal with the ultraviolet ray irradia-
tion for fixing the alignment state thereof.

According to the present invention, since the alignment
state of the reactive liquid crystal is fixed, the reactive liquid
crystal layer functions as an alignment layer for aligning the
ferroelectric liquid crystal so that the alignment function and
the polarizing function of the columnar alignment laver can
both be realized.

Since the reactive liquid crystal layer used in the present
invention is fixed on the second alignment layer accordingly,
even in the case the ferroelectric liquid crystal is heated to a
temperature higher than the phase transition point, the align-
ment disturbance can hardly be generated so that the excellent
alignment stability can be provided. Moreover, since the reac-
tive liquid crystal has a structure relatively similar to that of
the ferroelectric liquid crystal so as to have a strong interac-
tion with the ferroelectric liquid crystal, the reactive liquid
crystal layer produced by fixing the reactive liquid crystal can
effectively control the alignment of the ferroelectric liquid
crystal.

(Reactive Liquid Crystal)

Hereinafter, the reactive liquid crystal used for such a reac-
tive liquid crystal layer will be explained. The reactive liquid
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the like can be presented. Moreover, these polymerizable
liquid crystal monomers may be used alone or as a mixture of
two or more kinds.

As the monoacrylate monomer, for example, the com-
pounds represented by the below-mentioned fornula can be

presented:
/\”—O—A—B—Ml
¢}
/ﬁrO—D—E—F—MZ
0O

In the above-mentioned formula, A, B, D, E and F are a
benzene, a cyclohexane or a pyrimidine, which may have a
substituent group such as a halogen. Moreover, A and B, or D
and E may be bonded via a bonding group such as an acety-
lene group, a methylene group and an ester group. M* and M>
may be any of a hydrogen atom, an alkyl group having 3 to 9
carbon atoms, an alkoxy carbonyl group having 3 to 9 carbon
atoms, or a cyano group. Furthermore, an acryloyloxy group
on the molecular chain end and A or D may be bonded via a
spacer such as an alkylene group having 3 to 6 carbon atoms.

Moreover, as the diacrylate monomer, for example, the
compounds represented by the below-mentioned formula can
be presented:

O, O O, (0] o
-

crystal used in the present invention which comprises a reac-
tive liquid crystal layer by being fixed on the second align-
ment layer includes a polymerizable liquid crystal material
and shows the nematic phase. Out of the liquid crystal phases,
the nematic phase allows relatively easy alignment control,
and thus by using the reactive liquid crystal showing the
nematic phase, the anisotropy can be easily provided to the
reactive liquid crystal layer by the second alignment layer.
Moreover, since the reactive liquid crystal includes the poly-
merizable liquid crystal material, the alignment state of the
reactive liquid crystal can easily be fixed.

As the polymerizable liquid crystal material, any of'a poly-
merizable liquid crystal monomer, a polymerizable liquid
crystal oligomer and a polymerizable liquid crystal polymer
can be used, however, in the present invention, the polymer-
izable liquid crystal monomer can be used preferably. Com-
pared to the other polymetizable liquid crystal materials, that
is, a polymerizable liquid crystal oligomer and a polymeriz-
able liquid crystal polymer, the polymerizable liquid crystal
monomer can be aligned at a lower temperature and it has a
high alignment sensitivity so that it can be aligned easily.

The above-mentioned polymerizable liquid crystal mono-
mer is not particularly limited as long as it is a liquid crystal
monomer having a polymerizable functional group. For
example, a monoacrylate monomer, a diacrylate monomer, or
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Here, X and Y in the above formula is a hydrogen, an alkyl
having 1 to 20 carbon atoms, an alkenyl having 1 to 20 carbon
atoms, an alkyloxy having 1 to 20 carbon atoms, an alkyloxy-
carbonyl having 1 to 20 carbon atoms, a formyl, an alkyl
carbonyl having 1 to 20 carbon atoms, an alkyl carbonyloxy
having 1 to 20 carbon atoms, a halogen, a cyano or a nitro m
is an integer in a range of 2 to 20. X is preferably an alkyloxy
carbonyl having 1 to 20 carbon atoms, a methyl or a chlorine.
In particular, it is preferably an alkyloxy carbonyl having 1 to
20 carbon atoms, and particularly preferably CH,(CH,),
0CO.

Furthermore, as the diacrylate monomer, for example, the
compounds represented by the below-mentioned formula can
also be presented:
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Here, 7' and Z** in the above formula are each indepen-
dently directly bonded —COO—, —OCO—, —O—,
—CH,CH,—, —CH=CH—, —(C=C—, —OCH,—,
—CH,0—, —CH,CH,COO— or —OCOCH,CH,—, R*'s
are a hydrogen or an alkyl having 1 to 5 acrbon atoms. k and
mis Oor 1, and n is an integer in a range of 2 to 8.

Furthermore, as a specific example of the compound rep-
resented by the above formula (3), the compounds shown in
below-mentioned formula can be cited:

0
\)LOAQ—ZN—Q—ZZZO—w-)m—(-CHﬁH—o)v

Here, Z*' and Z** in the formula are each independently
directly bonded —COO—, —0OCO—, —O—,
—CH,CH,—, —CH—CH—, —(C=(C—, —OCH,—,

—CH,0—, —CH,CH,CO0— or —OCOCH,CH,—. m is
0 or 1, and n is an integer in a range of 2 to 8.

1n the present invention, in particular, the compounds rep-
resented by the above-mentioned formulae (1) or (3) can be
used preferably. As the reactive liquid crystal containing a
compound represented by the formula (3), for example,
“ADEKA CHIRACOL PLC-7183”, “ADEKACHIRACOL
PLC-7209” produced by ASAHI DENKA CO., LTD. or the
like can be presented. Moreover, as the reactive liquid crystal
containing an acrylate monomer, for example, “ROF-51017,
“ROF-5102” produced by the Rolic Technologies [td., or the
like can be presented.

The second alignment layer used in the present invention is
a columnar alignment layer as mentioned above. In the case
the first alignment layer to be described later is also a colum-
nar alignment layer, since the columnar alignment layer has
the polarizing function, the first alignment layer and the sec-
ond alignment layer are disposed such that the normal direc-
tion of the plate-like molecule of the first alignment layer and
the normal direction of the plate-like molecule of the second
alignment layer are provided substantially perpendicularly.
On the other hand, since the columnar alignment layer also
has the alignment function, in the case, the alignment direc-
tions of the upper and lower columnar alignment layers dis-
posed with the ferroelectric liquid crystal interposed therebe-
tween are substantially perpendicularly, and thus it is not a
preferable arrangement for the alignment control of the fer-
roelectric liquid crystal. According to the present invention,
even in the case of such arrangement, by providing the reac-
tive liquid crystal layer on the second alignment layer, the
alignment of the ferroelectric liquid crystal can be controlled.

According to the present invention, by using the com-
pounds as the reactive liquid crystal, even in the case the first
alignment layer and the second alignment layer are the
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columnar alignment layers and they are disposed as men-
tioned above, the alignment of the ferroelectric liquid crystal
can be controlled effectively. 1t is considered that according to
the interaction of the compounds with the column structure of
the second alignment layer, the anisotropy of the second
alignment layer is provided to the reactive liquid crystal layer
with the direction thereof changed.

The polymerizable liquid crystal monomer used in the
present invention is preferably a diacrylate monomer among

o]

the above-mentioned examples. According to the diacrylate
monomet, polymerization can be carried out easily while
preferably maintaining the aligned state.

The above-mentioned polymerizable liquid crystal mono-
mer may not show the nematic phase by itself. In the present
invention, these polymerizable liquid crystal monomers may
be used as a mixture of two or more kinds as mentioned above
so that a composition mixture thereof, that is, a reactive liquid
crystal may show the nematic phase.

Furthermore, according to the present invention, as
needed, a photo polymerization initiating agent or a polymer-
ization inhibiting agent may be added to the above-mentioned
reactive liquid crystal. For example, at the time of polymer-
izing a polymerizable liquid crystal material by the electron
beam irradiation, the photo polymerization initiating agent
may not be needed, however, in the case of the polymerization
used commonly by for example, the ultraviolet ray irradia-
tion, in general a photo polymerization initiating agent is used
for the promoting the polymerization.

As the photo polymerization initiating agent to be used in
the present invention, a benzyl (it is also referred to as abiben-
zoyl), a benzion isobutyl ether, a benzion isopropyl ether, a
benzophenone, a benzoyl benzoic acid, a methyl benzoyl
benzoate, a 4-benzoyl-4'-methyl diphenyl sulfide, a benzyl
methyl ketal, a dimethyl amino methyl benzoate, a 2-n-bu-
toxy ethyl-4-dimethyl amino benzoate, a p-dimethyl amino
isoamyl benzoate, a 3,3'-dimethyl-4-methoxy benzophe-
none, a methylobenzoyl formate, a 2-methyl-1-(4-(methyl
thio)phenyl)-2-morpholino propane-1-on, a 2-benzyl-2-dim-
ethyl amino-1-(4-morpholino phenyl)-butane-1-on, a 1-(4-
dodecylphenyl)-2-hydroxy-2-methyl propane-1-on, a 1-hy-
droxy cyclohexyl phenyl ketone, a 2-hydroxy-2-methyl-1-
phenyl propane-1-on, a 1-(4-isopropyl phenyl)-2-hydroxy-2-
methyl propane-1-on, a 2-chloro thioxantone, a 2,4-diethyl
thioxantone, a 2,4-diisopropyl thioxantone, a 2,4-dimethyl
thioxantone, an isopropyl thioxantone, a 1-chloro-4-propoxy
thioxantone, or the like can be presented. 1n addition to the
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photo polymerization initiating agent, a sensitizing agent
may be added within a range of not deteriorating the object of
the present invention.

The addition amount of such a photo polymerization initi-
ating agent is in general 0.01 to 20% by weight, it is prefer-
ably 0.1 to 10% by weight, and more preferably in a range of
0.5 to 5% by weight so as to be added to the above-mentioned
reactive liquid crystal.

(Reactive Liquid Crystal Layer)

The thickness of the reactive liquid crystal layer produced
by fixing the reactive liquid crystal as mentioned above is
preferably in a range of 1 to 1,000 nm, and it is more prefer-
ably in a range of 3 to 100 nm. In the case the reactive liquid
crystal layer is thicker than the above-mentioned range, the
anisotropy is generated excessively, and in the case it is thin-
ner than the above-mentioned range, the predetermined
anisotropy may not be obtained. Therefore, the thickness of
the reactive liquid crystal layer may be determined based on
the needed anisotropy.

Next, the method for forming the reactive liquid crystal
layer will be explained. The reactive liquid crystal layer can
be formed by coating a reactive liquid crystal layer coating
solution including the above-mentioned reactive liquid crys-
tal onto the second alignment layer and applying the align-
ment process so as to fix the aligned state of the above-
mentioned reactive liquid crystal.

Moreover, a method of preliminarily forming a dry film, or
the like and laminating the same onto the second alignment
layer can also be used instead of coating the reactive liquid
crystal layer coating solution, however, in the present inven-
tion, it is preferable to use the method of preparing a reactive
liquid crystal coating solution by dissolving a reactive liquid
crystal in a solvent, coating the same on the second alignment
layer and removing the solvent because this is a method
relatively simple in terms of the process.

The solvent used for the above-mentioned reactive liquid
crystal layer coating solution is not particularly limited as
long as it can dissolve the above-mentioned reactive liquid
crystal, or the like without inhibiting the alignment ability of
the columnar alignment layer. For example, one kind or two
or more kinds of hydrocarbons such as a benzene, a toluene,
axylene, an n-butyl benzene, a diethyl benzene and a tetralin;
ethers such as a methoxy benzene, a 1,2-dimethoxy benzene
and a diethylene glycol dimethyl ether; ketones such as an
acetone, a methyl ethyl ketone, a methyl isobutyl ketone, a
cyclohexanone and a 2,4-pentanedion; esters such as an ethyl
acetate, a propylene glycol monomethyl ether acetate, a pro-
pylene glycol monoethyl ether acetate and a y-butyrolactone;
amide based solvents such as a 2-pyrolidone, an N-methyl-
2-pyrolidone, a dimethyl formamide and a dimethyl aceta-
mide; halogen based solvents such as a chloroform, a dichlo-
romethane, a carbon tetrachloride, a dichloroethane, a
tetrachloroethane, a tritrichloroethylene, a tetrachloroethyl-
ene, a chlorobenzene, and an orthodichlorobenzene; alcohols
such as a t-butyl alcohol, a diacetone alcohol, a glycerol, a
monoacetin, an ethylene glycol, a triethylene glycol and a
hexylene glycol; phenols such as a phenol and a parachloro
phenol; cellosolves such as a methyl cellosolve, an ethyl
cellosolve, a butyl cellosolve and an ethylene glycol monom-
ethy! ether acetate can be used.

Moreover, by using only one kind of a solvent, the solubil-
ity of the above-mentioned reactive liquid crystal, or the like
may be insufficient or the first alignment layer may be cor-
roded as mentioned above. However, by using two or more
kinds of the solvents as a mixture, the trouble can be avoided.
Among the above-mentioned solvents, those preferable as a
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single solvent are the hydrocarbons and the glycol monoether
acetate based solvents, and those preferable as a solvent mix-
ture are a mixture of the ethers or the ketones and the glycol
based solvents. Since the concentration of the reactive liquid
crystal layer forming coating solution depends on the solu-
bility of the reactive liquid crystal and the thickness of the
reactive liquid crystal layer to be formed, it cannot be defined
on the whole, however, it is prepared in general in a range of
1 to 60% by weight, and preferably in a range of 3 to 40% by
weight.

Furthermore, to the above-mentioned reactive liquid crys-
tal layer forming coating solution, the compounds as men-
tioned below can be added within a range of not deteriorating
the purpose of the present invention. As the compounds to be
added, for example, polyester(meth)acrylates obtained by
reacting a polyester prepolymer obtained by the condensation
of a polyhydric alcohol and a monobasic acid or a polybasic
acid with a (meth)acrylic acid; polyurethane(meth)acrylates
obtained by reacting a polyol group and a compound having
two isocyanate groups with each other, and reacting the reac-
tion product with a (meth)acrylic acid; photo polymerizable
compounds such as an epoxy(meth)acrylate, obtained by
reacting epoxy resins such as a bisphenol A type epoxy resin,
a bisphenol F type epoxy resin, a novolak type epoxy resin, a
polycarboxylic acid polyglycidyl ester, a polyol polyglycidyl
ether, an aliphatic or alicyclic epoxy resin, an amine epoxy
resin, a triphenol methane type epoxy resin and a dihydroxy
benzene type epoxy resin with a (meth)acrylic acid; photo
polymerizable liquid crystal compounds having an acrylic
group or a methylacrylic group, or the like can be presented.
The addition amount of these compounds to the above-men-
tioned reactive liquid crystal can be selected within a range of
not deteriorating the purpose of the present invention. By
adding these compounds, the hardening property of the reac-
tive liquid crystal can be improved so that the mechanical
strength of the reactive liquid crystal layer to be obtained can
be increased and furthermore, the stability thereof can be
improved.

AS amethod for coating such a reactive liquid crystal layer
forming coating solution, a spin coating method, a roll coat-
ing method, a printing method, a dip coating method, a cur-
tain coating method (die coating method), a casting method,
abar coating method, a blade coating method, a spray coating
method, a gravure coating method, a reverse coating method,
a extruding coating method, or the like can be presented.

Moreover, after coating the above-mentioned reactive lig-
uid crystal layer forming coating solution, the solvent is
removed, and the solvent removal can be carried out, for
example, by the reduced pressure removal or the heating
removal, of furthermore, a method as a combination thereof,
or the like.

According to the present invention, as mentioned above,
the coated reactive liquid crystal is aligned by the columnar
alignment layer so as to be in a state having the liquid crystal
regularity. That is, the reactive liquid crystal comes to have
the nematic phase. This is carried out in general by a method
ofthe heat treatment to the N-1 transition point or lower, or the
like. Here, the “N-1 transition point” denotes the temperature
of the transition from the liquid crystal phase to the isotropic
phase.

The reactive liquid crystal used in the present invention has
a polymerizable liquid crystal material. In order to fix the
aligned state of such a polymerizable liquid crystal material,
amethod of directing an activating radiation for activating the
polymerization is used. The “activating radiation” here is the
radiation having the ability of inducing the polymerization to
the polymerizable liquid crystal material. As needed, a photo
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polymerization initiating agent may be included in the poly-
merizable liquid crystal material.

The activating radiation is not particularly limited as long
as it is a radiation capable of polymerizing the polymerizable
liquid crystal material. In general, from the viewpoint of the
device easiness, or the like, an ultraviolet ray or a visible light
beam is used. An irradiation beam having a wavelength of 150
to 500 nm, preferably 250 to 450 nm, further preferably 300
10 400 nm is used.

According to the present invention, a method of directing
an ultraviolet ray as the activating radiation to a polymeriz-
able liquid crystal material to have the radical polymerization
by generating a radical by the photo polymerization initiating
agent with an ultraviolet ray is a preferable method. Since the
method of using an ultraviolet ray as the activating radiation
is a technique already established, it can be applied easily to
the present invention including the photo polymerization ini-
tiating agent.

As the light source of the irradiating light beam, a low
pressure mercury lamp (a germicidal lamp, a fluorescent
chemical lamp, a black light), a high pressure discharge lamp
(a high pressure mercury lamp, a metal halide lamp), a short
arc discharge lamp (an ultra high pressure mercury lamp, a
xenon lamp, a mercury xenon lamp), or the like can be pre-
sented as the examples. In particular, use of a metal halide
lamp, a xenon lamp, ahigh pressure mercury lamp, or the like
can be recommended. Moreover, the irradiation strength is
adjusted optionally according to the composition of the reac-
tive liquid crystal and the amount of the photo polymerization
initiating agent.

The irradiation of such an activating radiation can be car-
ried out by the temperature condition to have the above-
mentioned polymerizable liquid crystal in a liquid crystal
phase, or at a temperature lower than the temperature to have
the liquid crystal phase. The polymerizable liquid crystal
material once had the liquid crystal phase would not have the
sudden disturbance of the aligned state even in the case the
temperature is lowered thereafter.

As a method for fixing the aligned state of the polymeriz-
able liquid crystal material, in addition to the above-men-
tioned method of directing the activating radiation, a method
of polymerizing the polymerizable liquid crystal material by
heating can be used as well.

c. Second Substrate

The second substrate used in the present invention is not
particularly limited as long as it is one commonly used as the
substrate for the liquid crystal display. For example, a glass
plate, a plastic plate, or the like can be presented preferably.
The surface roughness (RSM value) of the substrate used in
the present invention is preferably 10 nm or less, it is more
preferably 3 nm or less, and it is further preferably in a range
of 1 nm or less. The above-mentioned surface roughness is the
value measured using an atomic force microscope (AFM).

d. Second Electrode Layer

The second electrode layer used in the present invention is
for driving the ferroelectric liquid crystal by applying a signal
voltage to the ferroelectric liquid crystal.

The second electrode layer is not particularly limited as
long as it is one commonly used as the electrode layer of the
liquid crystal display, and it is preferable that at least one of
the first electrode layer and the second electrode layer is made
of a transparent conductive material. As the transparent con-
ductive material, an indium oxide, a tin oxide, an indium tin
oxide (ITO), or the like can be presented preferably.

For example, in the case the liquid crystal display of the
present invention is of the active matrix drive using the TFT
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element, it is preferable that one of the first electrode layer and
the second electrode layer is an entire surface common elec-
trode made of the transparent conductive material and the
other one comprises the x electrodes and the y electrodes
arranged in a matrix so as to dispose the TFT element and the
pixel electrode in the portions surrounded by the x electrodes
and the y electrodes.

Out of these electrodes, the transparent conductive film to
provide the entire surface common electrode can be formed
on the substrate by the deposition method such as the CVD
method, the sputtering method and the ion plating method.
Moreover, the x electrodes and the y electrodes can be formed
by forming a conductive film of a metal such as a chromium
and an aluminum by the deposition method and patterning the
same into a matrix. As the patterning method, a common
method such as the photolithography method can be used.

(2) First Alignment Substrate

Next, the first alignment substrate used in the present
invention will be explained. In the present invention, the first
alignment substrate comprises a first substrate, a first elec-
trode layer formed on the first substrate, and a first alignment
layer formed on the first electrode layer. Since the first sub-
strate and the first electrode layer used for the first alignment
substrate are same as those explained in the column for the
second alignment substrate and the second electrode layer of
the second alignment substrate, explanation is not repeated
here. Hereinafter, the first alignment layer and the other con-
figurations will be explained.

a. First Alignment Layer

The first alignment layer used in the present invention is not
particularly limited as long as it can align the ferroelectric
liquid crystal and thus those commonly used as the alignment
layer for the liquid crystal display can be used. For example,
a rubbing alignment layer, a photo alignment layer, an align-
ment layer using plate-like molecule, or the like can be pre-
sented. Among these examples, it is preferable that the first
alignment layer in the present invention is an alignment layer
using plate-like molecule, and it is more preferably an align-
ment layer having a column structure with the plate-like
molecule laminated with the normal direction thereof aligned
in a certain direction. Since such a first alignment layer is
formed, utilizing the self organization of the above-men-
tioned plate-like molecule, it is advantageous in that the pro-
duction process is simple and the apparatus cost can be
reduced. Moreover, according to the liquid crystal display of
the present invention, since the gap between the first align-
ment layer as the alignment layer having the column structure
and the reactive liquid crystal layer is filled with the ferro-
electric liquid crystal, according to the interaction of the
ferroelectric liquid crystal and these functional layers, gen-
eration of the alignment defects such as the double domains
can be prevented so that the mono-domain alignment of the
ferroelectric liquid crystal can easily be obtained.

In the case the first alignment layer used in the present
invention is an alignment layer having the column structure
with the plate-like molecule laminated with the normal direc-
tion thereof aligned in a certain direction, the normal direc-
tion of the plate-like molecule of the first alignment layer and
the alignment direction of the reactive liquid crystal of the
reactive liquid crystal layer are disposed substantially paral-
lel. According to the arrangement, the ferroelectric liquid
crystal can be aligned along the normal direction of the plate-
like molecule of the first alignment layer and the alignment
direction of the reactive liquid crystal of the reactive liquid
crystal layer.
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The plate-like molecule used for the first alignment layer
may either be those having the photo dichroism in the visible
light range or those not having the photo dichroism, however,
they are preferably those having the photo dichroism. More-
over, at the time, it is preferable that the first alignment layer
is a columnar alignment layer mentioned above. Thereby,
since the first alignment layer is a columnar alignment layer
having the alignment function and the polarizing function,
compared with the case of separately providing the polarizing
plate, scattering of the light beam generated at the interface of
the polarizing plate and the other functional layers can be
better solved so that the deterioration of the light transmit-
tance can be restrained. Furthermore, since the columnar
alignment layer having the polarizing function (first align-
ment layer) is formed inside the first substrate so as not to
suffer the influence of the birefringence of the first substrate,
the selection range of the material used for the first substrate
can be widened so that a plastic substrate having the birefrin-
gence can also be used, and thus a thin shape and a light
weight of the liquid crystal display can be achieved. Still
further, since the columnar alignment layer has the alignment
function and the polarizing function, there is no need of
separately forming the polarizing plate and the alignment
layer, the manufacturing method of the liquid crystal display
can be simplified. These can lead to also the production cost
cutback of the liquid crystal display.

In the case the first alignment layer used in the present
invention is a columnar alignment layer mentioned above,
since the liquid crystal display of the present invention is for
the visualization utilizing the polarizing function of the
columnar alignment layer, the normal direction of the plate-
like molecule of the first alignment layer (columnar align-
ment layer) and the normal direction of the plate-like mol-
ecule of the second alignment layer (columnar alignment
layer) are disposed substantially perpendicularly.

The “substantially perpendicular” here denotes the angle 6
formed by the normal direction of the plate-like molecule of
the first alignment layer (columnar alignment layer) and the
normal direction of the plate-like molecule of the second
alignment layer (columnar alignment layer) is in a range of
90°25°, and it is preferable that the angle 0 is in a range of
90°x1°.

In the case the columnar alignment layers are arranged
accordingly, the axial direction of the column structure of the
first alignment layer and the axial direction of the column
structure of the second alignment layer have the substantially
perpendicular relationship. On the other hand, since the fer-
roelectric liquid crystal tends to be aligned in the axial direc-
tion of the column structure, according to the present inven-
tion, by forming the reactive liquid crystal layer on the second
alignment layer for providing the anisotropy of the second
alignment layer with the direction thereof changed, the align-
ment function of the columnar alignment layer can be per-
formed more effectively with the arrangement via the reactive
liquid crystal layer.

Since the columnar alignment layer is same as that
explained in the column of the second alignment layer of the
second alignment substrate, explanation is not repeated here.

b. Polarizing Layer

In the present invention, in the case a layer having the
polarizing function is not provided in the first alignment
substrate, a polarizing layer can be provided to the first align-
ment substrate. The polarizing layer used in the invention is
not limited to any especial kind if the layer is a layer for
transmitting only a specific direction of wave motions of
light. Tt is possible to use a layer which is generally used as a
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polarizing layer for liquid crystal display. In the case such a
polarizing layer is provided, the optical axis of the polarizing
layer and the normal direction of the plate-like molecule of
the second alignment layer (columnar alignment layer) are
disposed substantially perpendicularly.

On the other hand, in the case the first alignment layer is a
columnar alignment layer having the polarizing function,
such a polarizing layer needs not be provided.

(3) Liquid Crystal Layer

Next, the liquid crystal layer used in the present invention
will be explained. The liquid crystal layer used in the present
invention comprises a ferroelectric liquid crystal filled
between the first alignment substrate and the second align-
ment substrate.

(Ferroelectric Liquid Crystal)

The ferroelectric liquid crystal used for the liquid crystal
layer is not particularly limited as long as it shows the chiral
smectic C (SmC*) phase. A material having the phase change
of the cholesteric (Ch) phase-smectic A (SmA) phase-chiral
smectic C (SmC*) phase in the temperature cooling process
can also be used. Furthermore, a material having the phase
change of the Ch phase-SmC* phase without transition to the
SmA phase can also be used. In particular, as the ferroelectric
liquid crystal used in the present invention, one showing the
latter phase transition sequence without the transition to the
SmA phase is preferable. A ferroelectric liquid crystal show-
ing such a phase transition sequence tends to show the mono-
stability driving characteristic, and by using such a material
showing the mono-stability driving characteristic, the gradu-
ation display is enabled so that a highly precise liquid crystal
display for the color display can easily be obtained.

In the case the liquid crystal display of the present inven-
tion is driven by the field sequential color system, among the
ferroelectric liquid crystals showing the mono-stability driv-
ing characteristic as mentioned above, it is preferable to use a
ferroelectric liquid crystal of the half-V-shaped drive with the
liquid crystal molecules operated only at the time either a
positive voltage or a negative voltage is applied. By using a
ferroelectric liquid crystal having such characteristics, the
aperture time of the black and white shutter can be made
longer so that a liquid crystal display of the bright color
display can be obtained.

Moreover, the ferroelectric liquid crystal used in the inven-
tion is preferably one constituting a single phase. The word
“constituting a single phase” means that a polymer network,
as formed by the polymer stabilization method or the like, is
not formed. Such use of the ferroelectric liquid crystal of a
single phase makes it possible to simplify the production
process and lowering the driving voltage.

As it will be described later, a polymer network may be
formed in the liquid crystal layer used in the present inven-
tion.

As the specific examples of such a ferroelectric liquid
crystal, “R2301”, “FELIX-3206” commercially available
from AZ Electronic Materials can be presented.

(Liquid Crystal Layer)

The thickness of the liquid crystal layer used in the inven-
tion is preferably from 1.2 pm to 3.0 um, more preferably
from 1.3 pum to 2.5 pm, even more preferably from 1.4 pm to
2.0 um. If the thickness of the liquid crystal layer is too thin,
the contrast may lower. Conversely, if the thickness is too
thick, the liquid crystal may not be aligned with ease.

As the method for forming the liquid crystal, a method
which is generally used as a method for forming a liquid
crystal cell can be used. For example, the liquid crystal layer
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can be formed, by making use of capillary effect to inject an
isotropic liquid obtained by heating the above-mentioned
ferroelectric liquid crystal into a liquid crystal cell, which is
formed by forming electrodes beforehand on a substrate and
arranging the above-mentioned columnar alignment layer
and reactive liquid crystal layer, and then sealing the cell. The
thickness of the liquid crystal layer can be adjusted with
spacers such as beads.

According to the liquid crystal layer used in the present
invention, a polymer network may be formed. That is, the
liquid crystal layer may contain a polymerization product of
a polymerizable monomer. Thereby, the sequence of the fer-
roelectric liquid crystal can further be stabilized.

The polymerizable monomer used for the polymerization
product of the polymerizable monomer is not particularly
limited as long as it is a compound capable of generating a
polymerization product by the polymerization reaction. As
such a polymerizable monomer, a thermosetting resin mono-
mer capable of generating the polymerization reaction by the
thermal treatment, and an active radiation curable resin
monomer capable of generating the polymerization reaction
by the irradiation of an active radiation can be presented. In
particular, in the present invention, it is preferable to use an
active radiation curable resin monomer. Since the thermoset-
ting resin monomer requires the thermal treatment for gener-
ating the polymerization reaction, the regular sequence of the
ferroelectric liquid crystal may be deteriorated or the phase
transition may be induced by the thermal treatment. On the
other hand, the active radiation curable resin monomer does
notinvolve such arisk so that the sequence of the ferroelectric
liquid crystal may hardly be deteriorated by the generation of
the polymerization reaction.

As the active radiation curable resin monomer, an electron
beam curable resin monomer capable of generating the poly-
merization reaction by the electron beam irradiation, and a
photosetting resin monomer capable of generating the poly-
merization reaction by the light irradiation can be presented.
In particular, according to the present invention, it is prefer-
able to use a photosetting resin monomer. By using the pho-
tosetting resin monomer, the manufacturing method of the
liquid crystal display of the present invention can be simpli-
fied.

The above-mentioned photosetting resin monomer is not
particularly limited as long as it can generate the polymeriza-
tion reaction by the irradiation of a light beam having the
wavelength in a range of 150 nm to 500 pm. In particular,
according to the present invention, it is preferable to use an
ultraviolet ray curable resin monomer capable of generating
the polymerization reaction by the irradiation of a light beam
having the wavelength in a range of 250 nm to 450 nm, in
particular, in a range of 300 nm to 400 nm because it is
advantageous in terms of the irradiation device convenience,
or the like.

The polymerizable functional group of the ultraviolet ray
curable resin monomer is not particularly limited as long as it
can generate the polymerization reaction by the irradiation of
an ultraviolet ray of the wavelength range mentioned above.
According to the present invention, it is preferable to use an
ultraviolet ray curable resin monomer having an acrylate
group.

The above-mentioned ultraviolet ray curable resin mono-
mer may either be a monofunctional monomer having a poly-
merizable functional group in a molecule or a polyfunctional
monomer having two or more polymerizable functional
group in a molecule. In particular, according to the present
invention, it is preferable to use a polyfunctional monomer.
By using the polyfunctional monomer, since a stronger poly-
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mer network can be formed in the liquid crystal layer, the
interatomic force and the polymer network at the first align-
ment layer interface can be reinforced. Therefore, by using
the polyfunctional monomer, disturbance of the sequence of
the ferroelectric liquid crystal by the temperature change of
the liquid crystal layer can be restrained.

According to the present invention, among the polyfunc-
tional monomers, a bifunctional monomer having a polymer-
izable functional group at both ends of the molecules is pref-
erable. Since the functional groups on the both ends of the
molecules, a polymer network with a wide interval between
the polymers can be formed so that the decline of the driving
voltage of the ferroelectric liquid crystal due 1o the presence
of the polymerization product of the polymerizable mono-
mers in the liquid crystal layer can be prevented.

According to the present invention, among the ultraviolet
ray curable resin monomers, it is preferable to use a ultravio-
let ray curable liquid crystal monomer capable of showing the
liquid crystal property. Such an ultraviolet ray curable liquid
crystal monomer is preferable for the following reasons. That
is, since the ultraviolet ray curable liquid crystal monomer
shows the liquid crystal property, it can be arranged regularly
by the alignment limiting force of the first alignment layer or
second alignment layer. Therefore, by generating the poly-
merization reaction after regularly arranging the ultraviolet
ray curable liquid crystal monomers, they can be fixed while
maintaining the regular arrangement state in the liquid crystal
layer. Owing to the presence of the polymerization product
having the regular arrangement state in the liquid crystal
layer, the alignment stability of the ferroelectric liquid crystal
can be improved so that the excellent heat resistance and
impact resistance can be provided to the liquid crystal display
of the present invention.

The liquid crystal phase shown by the ultraviolet ray cur-
able liquid crystal monomer is not particularly limited. For
example, the nematic phase, the SmA phase and the SmC
phase can be presented.

Asthe ultraviolet ray curable liquid crystal monomers used
in the present invention, for example, the compounds repre-
sented by the following formula can be presented.

/W—O—A—B—Ml

0]

/W*O—D—E—F—Mz

0]

In the formula, A, B, D, E and F, which may have a sub-
stituent such as a halogen, represent a benzene, a cyclohexane
or a pyrimidine. Moreover, A and B, or D and E may be
coupled via a coupling group such as an acetylene group, a
methylene group and an ester group. M* and M* may be any
of a hydrogen atom, an alkyl group having 3 to 9 carbon
atoms, an alkoxy carbonyl group having 3 to 9 carbon atoms,
or a cyano group. Furthermore, an acryloyloxy group at the
molecule chain end and A or D may be coupled via a spacer
such as an alkylene group having 3 to 6 carbon atoms.
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In the formula, Y represents hydrogen, an alkyl having 1 to
20 carbon atoms, an alkenyl having 1 to 20 carbon atoms, an
alkyloxy having 1 to 20 carbon atoms, an alkyloxy carbonyl
having 1 to 20 carbon atoms, a formyl, an alkvl carbonyl
having 1 to 20 carbon atoms, an alkyl carbonyloxy having 1 to
20 carbon atoms, a halogen, a cyano or a nitro.

\

Among the compounds represented by the formulae, as the
specific compounds to be used preferably in the present
invention, the compounds of the following formulae can be
presented.

H,C=CHCOO0 C3H;

H,C=CHCO0 C4H,
H,C=CHCOO CyHys
H,C=CHCOO0 C3Hy
H,C=CHCOO0 C4H,
H,C=CHCOO0 OCgH
H,C=CHCOO CioHz
H,C=CHCO0 COOCsH
H,C=CHCO0 COOCeH 3
H,C==CHCOO0

COOC-H, 5

H,C=CHCOO0 COOCgH, 7

COO‘>_/
*

N—
:/>7C5H13

SRR

H,C=CHCOO

3

H,C=CHCOO

;

H,C=CHCOO

>

[

10

15

20

25

30

35

40

45

50

55

60

65

4

=)

-continued

H,C==CHCOO

H,C==CHCOO

HZC:CHCOOOCEC

H,C=CHCOO

H2C=CHCOOOCECOC5HII
H,C=CHC00 CHy
H,C=CHCOO CaHo

H,C=CHCOO

OO
F
F
F

H,C=CHCOO

The polymerization product of the polymerizable mono-
mers used in the present invention may either be a polymer-
ization product of a single polymerizable monomer, or a
polymerization product of two or more different polymeriz-
able monomers. 1n the case of a polymerization product of
two or more different polymerizable monomers, for example,
a polymerization product of the ultraviolet ray curable liquid
crystal monomer and another ultraviolet ray curable resin
monomer can be presented.

In the case the ultraviolet ray curable liquid crystal mono-
mer is used as the polymerizable monomer, a polymerization
product of the polymerizable monomers used in the present
invention may be a main chain liquid crystal polymer with the
main chain showing the liquid crystal property owing to the
presence of an atomic group showing the liquid crystal prop-
erty in the main chain, moreover, it maybe a side chain liquid
crystal polymer with the side chain showing the liquid crystal
property owing to the presence of an atomic group showing
the liquid crystal property in the side chain In particular,
according to the present invention, it is preferably a side chain
liquid crystal polymer. Since the degree of freedom of the
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atomic group can be higher owing to the presence of the
atomic group showing the liquid crystal property in the side
chain, the atomic group showing the liquid crystal property
can easily be aligned in the liquid crystal layer. Moreover,
consequently, the alignment stability of the ferroelectric lig-
uid crystal in the liquid crystal layer can be improved.

The amount of the polymerization product of the polymer-
izable monomer present in the liquid crystal layer is not
particularly limited as long as it is in a range capable ofhaving
the alignment stability of the ferroelectric liquid crystal to a
desired degree. In general, it is preferably in a range of 0.5%
by mass to 30% by mass in the liquid crystal player, in
particular it is preferably in a range of 1% by mass to 20% by
mass, and especially it is preferably in a range of 1% by mass
to 10% by mass. In the case it is more than the range, increase
of the driving voltage of the ferroelectric liquid crystal or the
deterioration of the response speed may be brought about.
Moreover, in the case it is less than the range, due to the
insufficiency of the alignment stability of the ferroelectric
liquid crystal, the heat resistance or the impact resistance of
the liquid crystal display of the present invention may be
deteriorated.

Here, the amount of the polymerization product of the
polymerizable monomer present in the liquid crystal layer
can be calculated from the residual amount found by measur-
ing with an electronic force balance the weight of the poly-
merization product of the polymerizable monomer remaining
after washing out the single molecule liquid crystals in the
liquid crystal layer with a solvent and the total mass of the
liquid crystal layer.

In the liquid crystal layer used in the present invention,
another compound may be included within a range not dete-
riorating the purpose of the present invention. As such a
compound, an unreacted polymerizable monomer, a photo
polymerization initiating agent, a reaction initiating agent, a
reaction inhibiting agent, or the like can be presented.

(4) Manufacturing Method of the Liquid Crystal Display

Next, the manufacturing method of the liquid crystal dis-
play of the present invention will be explained. As the manu-
facturing method of the liquid crystal display of the present
invention, a method commonly known as a manufacturing
method of the liquid crystal display can be used, and thus it is
not particularly limited.

As an example of the manufacturing method of the liquid
crystal display of the present invention, the case of providing
an active matrix system liquid crystal display using the TFT
element will be explained.

First, a transparent conductive film is formed by the depo-
sition method mentioned above on the first substrate so as to
provide the entire surface common electrode. On the other
hand, a switching element and a pixel electrode are provided
onto the second substrate by patterning a conductive film in a
matrix so as to form an x electrode and a y electrode.

On the electrode layer formed on the first substrate, a
columnar alignment layer is formed by the method so as to
provide the first alignment substrate. On the other hand, on
the electrode layer formed on the second substrate, a colum-
nar alignment layer is formed in the same manner, and fur-
thermore, a reactive liquid crystal layer is formed on the
columnar alignment layer so as to provide the second align-
ment substrate.

With beads dispersed as a spacer on one of the first align-
ment substrate and the second alignment substrate accord-
ingly formed and a sealing material coated on the circumfer-
ence of the other, the first alignment substrate and the second
alignment substrate are attached such that the columnar align-
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ment layer of the first alignment substrate and the reactive
liquid crystal layer of the second alignment substrate face
with each other so as to be thermally pressed. After the ther-
mal pressing operation, the ferroelectric liquid crystal is
heated and injected in an isotropic phase or nematic phase
state, utilizing the capillary effect from the injection opening,
and the injection opening is sealed. Thereafter, the ferroelec-
tric liquid crystal is aligned by gradually cooling down the
same. Accordingly, a liquid crystal display of the present
invention can be manufactured.

Moreover, according to the present invention, the liquid
crystal display can be produced using the polymer stabiliza-
tion method. In this case, a liquid crystal layer can be formed
by a liquid crystal sealing process of sealing a liquid crystal
layer forming composition including a ferroelectric liquid
crystal and a polymerizable monomer between the first align-
ment substrate and the second alignment substrate, a liquid
crystal alignment process of having the ferroelectric liquid
crystal inthe chiral smectic C phase state, and a polymerizing
process of polymerizing the polymerizable monomer with the
ferroelectric liquid crystal in the chiral smectic C phase.

In the liquid crystal sealing process, the method of sealing
the liquid crystal layer forming composition including the
ferroelectric liquid crystal and the polymerizable monomer is
not particularly limited. For example, it can be sealed by
heating the liquid crystal layer forming composition so as to
process the ferroelectric liquid crystal in the liquid crystal
layer forming composition into an isotropic liquid, and inject-
ing the same utilizing the capillary effect from the injection
opening of a liquid crystal cell produced preliminarily using
the first alignment substrate and the second alignment sub-
strate. In this case, the injection opening is sealed with an
adhesive.

At the time, the amount of the polymerizable monomer
included in the liquid crystal layer forming coniposition can
be determined optionally according to the amount necessary
for the sequence stabilization of the ferroelectric liquid crys-
tal after the formation or the liquid crystal layer. In particular,
according to the present invention, it is preferably in a range
of 0.5% by mass to 30% by mass in the liquid crystal layer
forming composition, it is particularly preferably inarange of
1% by mass to 20% by mass, and it is especially preferably in
a range of 1% by mass to 10% by mass. In the case the
polymerizable monomer content is more than the range, the
liquid crystal layer performance may be deteriorated due to
the high driving voltage of the ferroelectric liquid crystal after
the formation of the liquid crystal layer. Moreover, in the case
it is lower than the range, as a result of the insufficient
sequence stabilization of the ferroelectric liquid crystal, the
heat resistance, the impact resistance, or the like of the liquid
crystal display can be lowered.

Moreover, at the time of sealing the liquid crystal layer
forming composition, the ferroelectric liquid crystal is heated
to the transition temperature from the chiral smectic C phase
to the nematic phase or higher. The temperature may be the
transition temperature or higher from the chiral smectic C
phase to the nematic phase. In general, the ferroelectric liquid
crystal is heated into the state of the isotropic phase or the
nematic phase. As to the specific temperature, it differs
depending on the kind of the ferroelectric liquid crystal, and
thus it can be selected optionally.

Next, in the liquid crystal alignment process, the sealed
ferroelectric liquid crystal is cooled down. At the time, in
general the ferroelectric liquid crystal is cooled down gradu-
ally to the room temperature (about 25° C.)

Moreover, in the polymerizing process, the method for
polymerizing the polymerizable monomer can be determined
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optionally according to the kind of the polymerizable mono-
mer. For example, in the case an ultraviolet ray curable resin
monommer is used as the polymerizable monomer, polymer-
ization can be carried oat by the ultraviolet ray irradiation.

The polymerizable monomer can be polymerized eitherin 5
a state with the voltage applied to the liquid crystal layer or in
a state without the voltage application. In the present inven-
tion, it is preferable to carry out the polymerization in a state
without the voltage application because the production pro-
cess can be simplified further by the polymerization without
the voltage application.

(5) Liquid Crystal Display

Since the liquid crystal display of the present invention
uses the columnar alignment layer having the alignment func-
tion and the polarizing function as the second alignment layer,
and preferably also as the first alignment layer, compared
with the case of separately providing the polarizing plate, the
light scattering generated at the interface between the polar-
izing plate and the other functional layers can be better
solved, and thereby the deterioration of the light transmit-
tance can be restrained.

Moreover, since the columnar alignment layer having the
polarizing function is formed inside the second substrate so as
not to suffer the influence of the birefringence of the second
substrate, a plastic substrate having the birefringence can also

Q 0]
O
_ 0

be used as the second substrate so that a thin shape and a light 40

weight of the liquid crystal display can be achieved, and
furthermore, it leads to the cutback of the production cost.

Since the columnar alignment layer used in the present
invention is formed, utilizing the self organization of the
plate-like molecule, it can be formed by a simple method
without the need of the alignment process such as the rubbing
process and the photo alignment process, and thus the liquid
crystal display of the present invention is highly practical.

45

Moreover, according to the liquid crystal display of the
present invention, since the ferroelectric liquid crystal is
interposed between the first alignment layer and the reactive
liquid crystal layer, generation of the alignment defect such as
the double domains can be restrained so that the mono-do-
main alignment of the ferroelectric liquid crystal can easily be
obtained. Thus, the liquid crystal display ofthe present inven-
tion enables the graduation display and can be used as a
highly precise color liquid crystal display.

The liquid crystal display of the invention is suitable for
color liquid crystal display since it is driven by the color filter
system or the field sequential color system. Among them, it is
preferred to drive the liquid crystal display of the invention by
the field sequential color system. The field sequential color
systemnt is for enabling the color display by switching on or off
the liquid crystal synchronously with flickering of the LED of 65
the three colors of red, green and blue without the use of a
color filter. Thereby, a bright, highly precise color moving
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image display can be realized with a low power consumption,
alow cost and a wide view angle. By using a material under-
going half-V-shaped driving, in which liquid crystal mol-
ecules thereof work only when either one of positive and
negative voltages is applied thereto, it is possible to make
light leakage less when dark regions operate (when a black
and white shutter is closed), and make the aperture time of the
black and white shutter sufficiently long. This makes it pos-
sible to display respective colors switched with time more
brightly to realize bright color liquid crystal display.

The present invention is not limited to the above-men-
tioned embodiments. The embodiments are examples, and all
modifications having substantially the same structure and
producing the same effects and advantages as the technical
concept recited in the claims of the present invention are
included in the technical scope of the invention.

EXAMPLES

Hereinafter, the present invention will be explained in fur-
ther details with reference to the examples.

Example 1

As the reactive liquid crystal, the below-mentioned com-
pound (A) was used

&Y

0] (0]
0]

(Production of the First Alignment Substrate)

By coating with a die coater, an ink containing the plate-
like molecule having the photo dichroism in the visible light
range (produced by Optiva, Inc., NO15) onto the 1TO film of
a glass substrate having an 1TO electrode, washed well, and
drying, it was soaked in a 15% barium chloride aqueous
solution for about 1 second. By further washing and drying
again, a first alignment substrate having a 0.3 pum thickness
columnar alignment layer was obtained.

(Production of the Second Alignment Substrate)

A 0.3 um thickness columnar alignment layer was formed
on the ITO film of a glass substrate having an 1TO electrode,
washed well by the method mentioned above. Then, a solu-
tion produced by dissolving in a cyclopentanone the com-
pound (A) to have the 2% by weight concentration was spin
coated onto the columnar alignment layer by 4,000 rpm for 30
seconds. After drying at 55° C. for 3 minutes, a 1,000 mJ/cm®
non polarized ultraviolet ray was irradiated for forming a
reactive liquid crystal layer so as to obtain a second alignment
substrate,

(Formation of the Liquid Crystal Layer)

With 1.5 um diameter bead spacer scattered on the colum-
nar alignment layer of the first alignment substrate and a
sealing material coated on the reactive liquid crystal layer of
the second alignment substrate using a seal dispenset, the first
alignment substrate and the second alignment substrate were
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attached in a state disposed such that the polarization direc-
tion of the columnar alignment layer of the first alignment
substrate and the polarizing direction of the columnar align-
ment layer of the second alignment substrate were orthogonal
with each other and the columnar alignment layer and the
reactive liquid crystal layer face with each other. By carrying
out the thermal pressing at 150° C. for about 1 hour, a test cell
was produced. By injecting a ferroelectric liquid crystal (pro-
duced by AZ Electronic Materials, R2301) into the test cell by
the about 100° C. temperature condition and cooling down
the same gradually, a mono domain even alignment was
obtained.

Example 2

(Formation of the Concave Part Pattern)

An ultraviolet ray curable acrylate resin of the below-
mentioned composition was spin coated onto a glass substrate
having an 1TO electrode, washed well. With a concave part
forming substrate having the ruggedness formed by the elec-
tron beam drawing method placed thereon, a 100 kg/cm® load
was applied for 1 minute. After directing an ultraviolet ray by
100 mJ/eny?® in this state and removing the concave part form-
ing substrate, an ultraviolet ray was directed by 3,000 mJ/cm®
so as to form a concave part pattern in a stripe form having a
0.2 um width, a 0.4 um pitch and a 0.2 um depth. By applying
the plasma process thereto, the hydrophilic process was car-
ried out on the surface.

(Composition of the ultraviolet ray curable acrylate resin)

Gohselac UV-7500B (produced by Nippon
Synthetic Chemical Industry Co., Ltd.)
1,6-hexane dicl acrylate (produced

by NIPPON KAYAKU CO., LTD)
Pentaerythritol acrylate (produced

by TOAGOSEI Co., Ltd.)

1-hydroxy cyclohexyl phenyl ketone
(produced by Chiba Speciality Chemicals)
Benzo phenone (produced by

NIPPON KAYAKU CO., LTD)

40 parts by weight
35 parts by weight
21 parts by weight

2 parts by weight

2 parts by weight

(Production of the First Alignment Substrate)

After coating an ink containing the plate-like molecule
having the photo dichroism in the visible light range (pro-
duced by Optiva, Inc., N015) onto the concave pattern pro-
duced by the method using the ink jet and drying, it was
soaked in a 15% barium chloride aqueous solution for about
1 second. By further washing and drying the same again so as
to form a columnar alignment layer with a0.3 um thickness of
the portion with the column structure formed, a first align-
ment substrate was obtained.

(Production of the Second Alignment Substrate)

Using the concave part pattern produced by the method, a
columnar alignment layer with a 0.3 pm thickness of the
portion with the column structure formed was formed by the
method. By forming a reactive liquid crystal layer on the
columnar alignment layer in the same manner as in the
example 1, a second alignment substrate was obtained.

(Formation of the Liquid Crystal Layer)

With 1.5 um diameter bead spacer scattered on the colum-
nar alignment layer of the first alignment substrate and a
sealing material coated on the reactive liquid crystal layer of
the second alignment substrate using a seal dispenser, the first
alignment substrate and the second alignment substrate were
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attached in a state disposed such that the polarization direc-
tion of the columnar alignment layer of the first alignment
substrate and the polarizing direction of the columnar align-
ment layer of the second alignment substrate were orthogonal
with each other and the columnar alignment layer and the
reactive liquid crystal layer face with each other. By carrying
out the thermal pressing at 150° C. forabout 1 hour, a test cell
was produced. By injecting a ferroelectric liquid crystal (pro-
duced by AZ Electronic Materials, R2301) into the test cell by
the about 100° C. temperature condition and cooling down
the same gradually, a mono domain even alignment was
obtained.

Example 3

With the same conditions as in the example 1, a test cell was
produced. A liquid crystal prepared by mixing 5% by mass of
a polymerizable monomer (produced by DAINIPPON INK
AND CHEMICALS, Inc. UCL-001) to a ferroelectric liquid
crystal (produced by AZ Electronic Materials, R2301) was
injected into the test cell by the about 100° C. temperature
condition and cooled down the same gradually. Thereafter, by
the exposure with a non polarized ultraviolet ray by about
1,000 mJecm?, the polymerizable monomer was polymer-
ized. 1n the liquid crystal display obtained accordingly, a
mono domain even alignment was obtained.

What is claimed is:

1. A liquid crystal display comprising a first alignment
substrate having a first substrate, a first electrode layer formed
on the first substrate and a first alignment layer formed on the
first electrode layer, and a second alignment substrate having
a second substrate, a second electrode layer formed on the
second substrate, a second alignment layer formed on the
second electrode layer, and a reactive liquid crystal layer
formed on the second alignment layer, produced by fixing a
reactive liquid crystal including a polymerizable liquid crys-
tal material and showing a nematic phase;
disposed such that the first alignment layer and the reactive
liquid crystal layer face with each other, with a ferro-
electric liquid crystal interposed between the first align-
ment substrate and the second alignment substrate;

wherein the second alignment layer has a column structure
with a plate-like molecule having a photo dichroismin a
visible light range laminated with a normal direction of
the plate-like molecule aligned in a certain direction, and
it is a columnar alignment layer having an alignment
function and a polarizing function.

2. The liquid crystal display according to claim 1, wherein
the first alignment layer is the columnar alignment layer, and
the normal direction of the plate-like molecule of the first
alignment layer and the normal direction of the plate-like
molecule of the second alignment layer are disposed substan-
tially perpendicularly.

3. The liquid crystal display according to claim 2, wherein
the columnar alignment layer comprises a resin layer with a
concave part or a convex part having a predetermined width
formed on a surface in a pattern, and the column structure
formed along the concave part of the resin layer.

4. The liquid crystal display according to claim 2, wherein
the plate-like molecule shows a lyotropic liquid crystal phase
in an aqueous solution.

5. The liquid crystal display according to claim 2, wherein
the ferroelectric liquid crystal shows a mono-stability driving
characteristic.
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6. The liquid crystal display according to claim 2, wherein
the ferroelectric liquid crystal shows a phase transition
sequence without a smectic A phase in a temperature cooling
process.

7. The liquid crystal display according to claim 2, compris-
ing a thin film transistor in the first electrode layer or the
second electrode layer, and it is driven by an active matrix
drive.

8. Theliquid crystal display according to claim 2, driven by
a field sequential color system.

9. The liquid crystal display according to claim 1, wherein
the columnar alignment layer comprises a resin layer with a
concave part or a convex part having a predetermined width
formed on a surface in a pattern, and the column structure
formed along the concave part of the resin layer.

10. The liquid crystal display according to claim 1, wherein
the plate-like molecule shows a lyotropic liquid crystal phase
in an aqueous solution.
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11. The liquid crystal display according to claim 1, wherein
the ferroelectric liquid crystal shows a mono-stability driving
characteristic.

12. The liquid crystal display according to claim 1, wherein
the ferroelectric liquid crystal shows a phase transition
sequence without a smectic A phase in a temperature cooling
process.

13. The liquid crystal display according to claim 1, com-
prising a thin film transistor in the first electrode layer or the
second electrode layer, and it is driven by an active matrix
drive.

14. The liquid crystal display according to claim 1, driven
by a field sequential color system.
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