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7) ABSTRACT

The present invention relates to a method for producing a
liquid crystal display device, in which a pretilt angle and a
tilt direction upon application of a voltage of liquid crystal
molecules are controlled by using a polymer and is to
provide a method for producing a liquid crystal display
device that provides good display characteristics. The
method for producing a liquid crystal display device
includes steps of: sealing a liquid crystal containing a
polymerizable component capable of being polymerized
with heat or light between a pair of substrates having been
disposed as being opposed to each other; and polymerizing
the polymerizable component by irradiating the liquid crys-
tal with light of a prescribed luminance at a prescribed
temperature for a prescribed irradiating time under applica-
tion of a prescribed voltage, so as to control a pretilt angle
and a tilt direction of liquid crystal molecules, and at least
one of the voltage, the temperature, the luminance and the
irradiation time is set as a parameter to obtain prescribed
optical characteristics.
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METHOD FOR PRODUCING LIQUID CRYSTAL
DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a method for
producing a liquid crystal display device, in which a pretilt
angle and a tilt direction upon application of a voltage of
liquid crystal molecules are controlled by using a polymer.

[0003] 2. Description of the Related Art

[0004] 1In aliquid crystal display device of a multi-domain
vertical alignment mode (MVA-LCD), a liquid crystal hav-
ing negative dielectric anisotropy is vertically aligned, and
the alignment direction of the liquid crystal upon application
of a voltage is controlled to certain directions in pixels by
utilizing an alignment controlling structure, such as linear
protrusions and slits provided on a substrate, without rub-
bing.

[0005] An MVA-LCD has such an advantage that it has
excellent viewing angle characteristics in comparison to a
liquid crystal display device of a TN mode, but it disadvan-
tageously exhibits a low white luminance and low luminos-
ity. The disadvantages are caused by such a mechanism that
the area occupied by the alignment controlling structure
forms segmentation boundaries in alignment of the liquid
crystal, and the area is viewed with low luminosity to lower
the light transmittance of the entire pixels. In order to
remove the disadvantages, the interval of the alignment
controlling structure is sufficiently broadened. In this case,
however, a prolonged period of time is required for stabi-
lizing the alignment of the liquid crystal due to the small
amount of the alignment controlling structure for controlling
the alignment, whereby the response time is prolonged.

[0006] In order to obtain an MVA-LCD having a high
luminance and a short response time, it has been proposed
that an alignment direction of a liquid crystal upon driving
is controlled by using a polymer. In this method, a liquid
crystal material obtained by mixing a liquid crystal and a
monomer (polymerizable component) capable of being
polymerized with heat or light is sealed between two sub-
strates. The monomer is polymerized by irradiating the
liquid crystal layer with UV light in a state where the liquid
crystal molecules are tilted by applying a prescribed voltage
between the substrates, so as to form a polymer. A liquid
crystal layer controlled to a prescribed alignment direction
and a prescribed pretilt angle is thus obtained even after
removing the applied voltage, owing to the polymer formed
in the vicinity of the surfaces of the substrates. Accordingly,
a rubbing treatment of an alignment film can be omitted.

[0007] The aforementioned related art can be found, for
example, in JP-A-7-5444, JP-A-2001-33767 and JP-A-5-
158020.

[0008] However, it has been found in the liquid crystal
display device produced by using the method of controlling
the alignment direction of the liquid crystal molecules upon
driving with a polymer that fluctuation in thickness of the
cells largely influences the optical characteristics. Specifi-
cally, the cell thickness influences the optical characteristics
in both cases upon polymerizing the polymer and upon
practically driving the device, and therefore, such problems

1. Field of the Invention
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arise in that fluctuation in optical characteristics is increased
in comparison to a device produced without polymerization,
and luminance unevenness is liable to occur due to the
luminance distribution of the UV light or the temperature
distribution upon polymerizing the monomer.

[0009] The conventional liquid crystal display devices
also have the following problems.

[0010] (1) The optical characteristics; such as the y char-
acteristics and the black luminance, are fluctuated upon
changing the materials for the color filter layer and the
alignment film, whereby the driving circuit is necessarily
modified.

[0011] (2) A distribution in luminance occurs within the
panel due to influences of wiring resistance, which is rec-
ognized as unevenness in luminance.

[0012] (3) The transmittance with respect to the birefrin-
gence of the liquid crystal is different by the colors of the
color filter, so as to cause coloration in halftone.

[0013] Aliquid crystal display device is demanded to have
bright display without unevenness, high speed response, less
color change in half tone, and constant optical characteris-
tics, such as the y characteristics and the black luminance,
from the standpoint of mass production.

SUMMARY OF THE INVENTION

[0014] An object of the invention is to provide a method
for producing a liquid crystal display device that provides
good display characteristics.

[0015] The aforementioned and other objects of the inven-
tion can be attained by a method for producing a liquid
crystal display device containing steps of: sealing a liquid
crystal containing a polymerizable component capable of
being polymerized with heat or light between a pair of
substrates having been disposed as being opposed to each
other; and polymerizing the polymerizable component by
irradiating the liquid crystal with light of a prescribed
luminance at a prescribed temperature for a prescribed
irradiating time under application of a prescribed voltage, so
as to control a pretilt angle and a tilt direction of liquid
crystal molecules, setting at least one of the voltage, the
temperature, the luminance and the irradiation time as a
parameter to obtain prescribed optical characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a graph showing variation of optical
characteristics depending on a voltage applied on polymer-
ization, which is a prerequisite of method for producing a
liquid crystal display device of Example 1-1 according to a
first embodiment of the invention;

[0017] FIG. 2 is a graph showing variation of optical
characteristics depending on a temperature on polymeriza-
tion, which is a prerequisite of a method for producing a
liquid crystal display device of Example 1-1 according to the
first embodiment of the invention;

[0018] FIG. 3 is a graph showing variation of optical
characteristics depending on an irradiation time of UV light,
which is a prerequisite of a method for producing a liquid
crystal display device of Example 1-1 according to the first
embodiment of the invention;
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[0019] FIG. 4 is a graph showing variation of optical
characteristics depending on a concentration of a polymer-
izable component, which is a prerequisite of a method for
producing a liquid crystal display device of Example 1-2
according to the first embodiment of the invention,

[0020] FIG. 5 is a graph showing variation of optical
characteristics depending on a thickness of a cell, which is
a prerequisite of a method for producing a liquid crystal
display device of Example 1-3 according to the first embodi-
ment of the invention;

[0021] FIG. 6 is a graph showing variation of a luminance
ratio depending on gradation of a liquid crystal display
device produced in Example 1-4 according to the first
embodiment of the invention;

[0022] FIG. 7 is a graph showing variation of a luminance
ratio depending on gradation in an ordinary liquid crystal
display device;

[0023] FIG. 8 is a view showing a liquid crystal display
device produced in an example according to a second
embodiment of the invention;

[0024] FIG. 9 is a view showing a liquid crystal display
panel, which is subjected to a polymerization treatment by
irradiating with an ultraviolet ray under application of a
voltage to the liquid crystal panel;

[0025] FIG. 10 is a diagram showing alignment of a liquid
crystal of a liquid crystal panel having been subjected to a
polymerization treatment;

[0026] FIGS.11A and 11B are a cross sectional view and
a plane view, respectively, showing an example of an
alignment controlling structure constituted by slits;

[0027] FIGS.12A and 12B are a cross sectional view and
a plane view, respectively, showing an example of an
alignment controlling structure constituted by protrusions;

[0028] FIGS. 13A and 13B are a cross sectional view and
a plane view, respectively, showing an example of an
alignment controlling structure constituted by slits;

[0029] FIGS. 14A and 14B are a cross sectional view and
a plane view, respectively, showing an example of an
alignment controlling structure constituted by protrusions;

[0030] FIG. 15 is a plane view showing an example of an
alignment controlling structure constituted by slits;

[0031] FIG. 16 is a diagram showing an example of a
production apparatus for a liquid crystal display device
according to the second embodiment of the invention;

[0032] FIG. 17 is a diagram showing another example of
a production apparatus for the liquid crystal display device
according to the second embodiment of the invention;

[0033] FIG. 18 is a diagram showing still another example
of a production apparatus for the liquid crystal display
device according to the second embodiment of the inven-
tion;

[0034] FIG. 19 is a diagram showing a further example of
a production apparatus for the liquid crystal display device
according to the second embodiment of the invention;

[0035] FIG. 20 is a flow chart showing an example of a
polymerization treatment;
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[0036] FIG. 21 is a flow chart showing another example
of a polymerization treatment;

[0037] FIG. 22 is a flow chart showing still another
example of a polymerization treatment; and

[0038] FIG. 23 is a flow chart showing a further example
of a polymerization treatment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0039] [First Embodiment]

[0040] The method for producing a liquid crystal display
device according to a first embodiment of the invention will
be described with reference to FIGS. 1 to 7. In this embodi-
ment, at least one of a voltage, a temperature and a lumi-
nance and a radiation time of UV light thus radiated is
appropriately controlled as a parameter upon polymerizing a
monomer to form a polymer, whereby the desired optical
characteristics, such as the y characteristics and the black
luminance (black transmittance), are obtained. The voltage
may be controlled, for example, within a range of 0.1 V to
100 V. The temperature may be controlled, for example,
within a range of -30° C. to 250° C. The luminance may be
controlled, for example, within a range of 1 mW/cm? to
10,000 mW/cm?. The radiation time maybe controlled, for
example, within a range of 1 msec to 24 hours.

[0041] In this embodiment, at least one of a concentration
of a polymerizable component, a concentration of a poly-
merization initiator and a concentration of a polymerization
inhibitor is appropriately controlled as a parameter, whereby
the desired optical characteristics are obtained. The concen-
tration of the polymerizable component may be controlled,
for example, within a range of 0.001% to 10% by weight.
The concentration of the polymerization initiator may be
controlled, for example, within a range of 0.0001% to 10%
by weight.

[0042] Inthisembodiment, a thickness of a cell or a height
of a pillar spacer is measured before and after injecting a
liquid crystal, and the parameters are controlled under
feedback of the measured value. According to the proce-
dures, a pretilt angle, ie., T-V characteristics, of liquid
crystal molecules can be controlled, whereby the optical
characteristics, such as the y characteristics and the black
luminance, can be maintained constant in each liquid crystal
display device.

[0043] In this embodiment, an applied voltage is varied in
each color (each pixel) of a color filter layer, or a radiation
amount of UV light radiated on a liquid crystal is changed
by appropriately controlling an UV light transmittance of a
color filter layer, upon polymerizing a monomer. According
to the procedures, the T-V characteristics can be appropri-
ately controlled to suppress coloration in halftone.

[0044] In this embodiment, a luminance distribution
within a panel is previously measured, and an applied
voltage (or in alternative, an UV light radiation amount or a
temperature) upon polymerizing a monomer is varied in
each region of the panel. For example, the applied voltage is
increased in a region where the luminance is low. According
to the procedures, the luminance distribution can be com-
pensated to obtain a liquid crystal display device having less
unevenness in luminance.
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[0045] In this embodiment, upon polymerizing a mono-
mer, the panel surface was irradiated by scanning thereon
with UV light by using a linear light source. UV light is
radiated by scanning in a direction within a panel. According
to the procedures, UV light can be uniformly radiated within
the panel to produce a liquid crystal display device having
less unevenness in luminance. Further, the aforementioned
compensation can be easily carried out in the scanning
direction.

[0046] According to the embodiment, the optical charac-
teristics, such as the y characteristics and the black lumi-
nance, can be made constant in each panel, and the optical
characteristics can be arbitrarily controlled in a state of the
panel. Therefore, such a liquid crystal display device with
high display quality can be obtained that exhibits no col-
oration in halftone and less luminance distribution within the
panel.

[0047] The embodiment will be described in more detail
with reference to the following specific examples.

Example 1-1

[0048] TFT elements, a drain bus line, a gate bus line, a
pixel electrode and other necessary components were
formed on one substrate. A color filter layer, a common
electrode and other necessary components were formed on
another substrate. Both the substrates were attached with
spacers each having a diameter of 4 um intervening ther-
ebetween to produce a blank cell. A liquid crystal compo-
sition containing a photopolymerizable or thermally poly-
merizable component was injected in the blank cell to
produce a liquid crystal panel. The liquid crystal composi-
tion was a negative liquid crystal (produced by Merck Japan
Co., Ltd.) mixed with 0.3% by weight of an acrylic poly-
merizable component exhibiting nematic liquid crystallinity
(produced by Merck Japan Co., Ltd.). Plural liquid crystal
panels thus produced were subjected to polymerization of
the polymerizable component under the following condi-
tions, and the following results were obtained.

[0049] (1) While an alternating current voltage of 12 to 20
V was applied between the common electrode and the
storage capacitor bus line of the liquid crystal panel, the
panel was irradiated with UV light to polymerize the poly-
merizable component. FIG. 1 is a graph showing variation
of the optical characteristics depending on the voltage
applied on polymerization. The abscissa indicates the volt-
age (V) applied on polymerization, and the ordinate indi-
cates the y value and the black transmittance (%). In the
graph, solid diamonds indicate the y value, and hollow
squares indicate the black transmittance. As shown in FIG.
1, the vy value and the black transmittance of the liquid
crystal display device vary depending on the voltage applied
on polymerization. Therefore, it is understood that a liquid
crystal display device having the desired optical character-
istics, such as the y value and the black transmittance, can be
obtained by appropriately controlling the voltage applied on
polymerization.

[0050] (2) While an alternating current voltage of 17 V
was applied between the common electrode and the storage
capacitor bus line of the liquid crystal panel, and the
temperature was controlled, the panel was irradiated with
UV light to polymerize the polymerizable component. FIG.
2 is a graph showing variation of the optical characteristics
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depending on the temperature on polymerization. The
abscissa indicates the temperature (°C.) on polymerization,
and the ordinate indicates they value and the black trans-
mittance (%). In the graph, solid diamonds indicate the y
value, and hollow squares indicate the black transmittance.
As shown in FIG. 2, the y value and the black transmittance
of the liquid crystal display device vary depending on the
temperature on polymerization. Therefore, it is understood
that a liquid crystal display device having the desired optical
characteristics, such as the y value and the black transmit-
tance, can be obtained by appropriately controlling the
temperature on polymerization.

[0051] (3) While an alternating current voltage of 18 V
was applied between the common electrode and the storage
capacitor bus line of the liquid crystal panel, the panel was
irradiated with UV light for a prescribed period of time to
polymerize the polymerizable component. FIG. 3 is a graph
showing variation of the optical characteristics depending on
the radiation time of UV light. The abscissa indicates the
radiation time (sec), and the ordinate indicates the y value
and the black transmittance (%). In the graph, solid dia-
monds indicate the y value, and hollow squares indicate the
black transmittance. As shown in FIG. 3, the y value and the
black transmittance of the liquid crystal display device vary
depending on the radiation time of UV light. Therefore, it is
understood that a liquid crystal display device having the
desired optical characteristics, such as the y value and the
black transmittance, can be obtained by appropriately con-
trolling the radiation time of UV light.

Example 1-2

[0052] TFT elements, a drain bus line, a gate bus line, a
pixel electrode and other necessary components were
formed on one substrate. A color filter layer, a common
electrode and other necessary components were formed on
another substrate. Both the substrates were attached with
spacers each having a diameter of 4 ym intervening ther-
ebetween to produce a blank cells. Plural liquid crystal
panels were produced by using the blank cell.

[0053] (1) A liquid crystal component containing a pho-
topolymerizable or thermally polymerizable component was
injected in the blank cells to produce plural liquid crystal
panels. The liquid crystal composition was a negative liquid
crystal (produced by Merck Japan Co., Ltd.) mixed with 0.1
to 0.5% by weight of an acrylic polymerizable component
exhibiting nematic liquid crystallinity (produced by Merck
Japan Co., Ltd.) While an alternating current voltage of 18
V was applied between the common electrode and the
storage capacitor bus line of the liquid crystal panel, the
panel was irradiated with UV light for a prescribed period of
time to polymerize the polymerizable component. FIG. 4 is
a graph showing variation of the optical characteristics
depending on the concentration of the polymerizable com-
ponent. The abscissa indicates the concentration of the
polymerizable component (% by weight), and the ordinate
indicates they value and the black transmittance (%). In the
graph, solid diamonds indicate the y value, and hollow
squares indicate the black transmittance. As shown in FIG.
4, the y value and the black transmittance of the liquid
crystal display device vary depending on the concentration
of the polymerizable component. Therefore, it is understood
that a liquid crystal display device having the desired optical
characteristics, such as the y value and the black transmit-
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tance, can be obtained by appropriately controlling the
concentration of the polymerizable component.

[0054] (2) A liquid crystal component containing a pho-
topolymerizable or thermally polymerizable component was
injected in the blank cells to produce plural liquid crystal
panels. The liquid crystal composition was a negative liquid
crystal (produced by Merck Japan Co., Ltd.) mixed with
from 0.3% by weight of an acrylic polymerizable compo-
nent exhibiting nematic liquid crystallinity (produced by
Merck Japan Co., Ltd.) and from 0.1 to 0.5% by weight
based on the total polymerizable component of a polymer-
ization initiator. While an alternating current voltage of 18 V
was applied between the common electrode and the storage
capacitor bus line of the liquid crystal panel, the panel was
irradiated with UV light for a prescribed period of time to
polymerize the polymerizable component. As a result, it is
found that the y value and the black transmittance of the
liquid crystal display device vary depending on the concen-
tration of the polymerization initiator. Therefore, it is under-
stood that a liquid crystal display device having the desired
optical characteristics, such as the y value and the black
transmittance, can be obtained by appropriately controlling
the concentration of the polymerization initiator.

Example 1-3

[0055] TFT elements, a drain bus line, a gate bus line, a
pixel electrode and other necessary components were
formed on one substrate. A color filter layer, a common
electrode and other necessary components were formed on
another substrate. Both the substrates were attached with
spacers each having a diameter of 4 ym intervening ther-
ebetween to produce a blank cell. A liquid crystal compo-
sition containing a photopolymerizable component was
injected in the blank cell to produce a liquid crystal panel.
The liquid crystal composition was a negative liquid crystal
(produced by Merck Japan Co., Ltd.) mixed with 0.3% by
weight of an acrylic polymerizable component exhibiting
nematic liquid crystallinity (produced by Merck Japan Co.,
Ltd.). The liquid crystal panel thus produced was measured
for the thickness of the cell. While an alternating current
voltage of 18 V was applied between the common electrode
and the storage capacitor bus line of the liquid crystal panel,
the panel was irradiated with UV light to polymerize the
polymerizable component. FIG. 5 is a graph showing varia-
tion of the optical characteristics depending on the thickness
of the cell. The abscissa indicates the thickness of the cell
(um), and the ordinate indicates the y value and the black
transmittance (%). In the graph, solid diamonds indicate the
y value, and hollow squares indicate the black transmittance.
As shown in FIG. 5, they value and the black transmittance
of the liquid crystal display device vary depending on the
thickness of the cell. Therefore, it is understood that a liquid
crystal display device having the desired optical character-
istics, such as the y value and the black transmittance, can be
obtained by controlling the respective parameters under
feedback of the measured thickness of the cell to the
aforementioned examples.

Example 1-4

[0056] TFT elements, a drain bus line, a gate bus line, a
pixel electrode and other necessary components were
formed on one substrate. A color filter layer, a common
electrode and other necessary components were formed on
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another substrate. Both the substrates were attached with
spacers each having a diameter of 4 ym intervening ther-
ebetween to produce a blank cell. A liquid crystal compo-
sition containing a photopolymerizable component was
injected in the blank cell to produce a liquid crystal panel.
The liquid crystal composition was a negative liquid crystal
(produced by Merck Japan Co., Ltd.) mixed with 0.3% by
weight of an acrylic polymerizable component exhibiting
nematic liquid crystallinity (produced by Merck Japan Co.,
Ltd.). While the red pixels, the green pixels and the blue
pixels of the liquid crystal panel thus produced were applied
with voltages of 9 V, 10 V and 7 V, respectively, the panel
was irradiated with UV light to polymerize the polymeriz-
able component. The voltage applied on polymerization thus
varied by each color, whereby different T-V characteristics
were obtained by each color.

[0057] FIG. 6 is a graph showing variation of the lumi-
nance ratio depending on gradation of the liquid crystal
display device produced in this example. FIG. 7 is a graph
showing variation of the luminance ratio depending on
gradation in an ordinary liquid crystal display device, in
which the voltage applied on polymerization is 7 V in all the
pixels. In the graphs, the abscissa indicates logarithm of the
gradation (x/255), and the ordinate indicates logarithm of
the luminance ratio. In the graphs, the curve r indicates the
red pixel, the curve g indicates the green pixel, and the curve
b indicates the blue pixel. As shown in FIGS. 6 and 7, the
difference in luminance ratio among the colors is relatively
suppressed by compensating the T-V characteristics by each
color in the invention. Accordingly, a liquid crystal display
device suppressed in coloration in halftone can be obtained.

Example 1-5

[0058] TFT elements, a drain bus line, a gate bus line, a
pixel electrode and other necessary components were
formed on one substrate. A color filter layer, a common
electrode and other necessary components were formed on
another substrate. Both the substrates were attached with
spacers each having a diameter of 4 ym intervening ther-
ebetween to produce a blank cell. A liquid crystal compo-
sition containing a photopolymerizable component was
injected in the blank cell to produce a liquid crystal panel.
The liquid crystal composition was a negative liquid crystal
(produced by Merck Japan Co., Ltd.) mixed with 0.3% by
weight of an acrylic polymerizable component exhibiting
nematic liquid crystallinity (produced by Merck Japan Co.,
Ltd.). The liquid crystal panel thus produced was measured
for a luminance distribution in advance. While a high
voltage was applied to a region with a low luminance, and
a low voltage was applied to a region with a high luminance
(with the voltage ranging from 7 to 9 V) based on the
luminance distribution, the panel was irradiated with UV
light to polymerize the polymerizable component. As a
result, a liquid crystal display device having less luminance
distribution within the panel can be obtained.

Example 1-6

[0059] TFT elements, a drain bus line, a gate bus line, a
pixel electrode and other necessary components were
formed on one substrate. A color filter layer, a common
electrode and other necessary components were formed on
another substrate. Both the substrates were attached with
spacers each having a diameter of 4 ym intervening ther-
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ebetween 1o produce a blank cell. A liquid crystal compo-
sition containing a photopolymerizable component was
injected in the blank cell to produce a liquid crystal panel.
The liquid crystal composition was a negative liquid crystal
(produced by Merck Japan Co., Ltd.) mixed with 0.5% by
weight of an acrylic polymerizable component exhibiting
nematic liquid crystallinity (produced by Merck Japan Co.,
Ltd). While an alternating current voltage of 12 V was
applied to the liquid crystal panel thus produced, the panel
surface was uniformly irradiated by scanning thereon with
UV light by using an ultrahigh pressure mercury linear light
source to polymerize the polymerizable component. As a
result, a liquid crystal display device having less unevenness
in luminance due to illuminance distribution can be
obtained.

[0060] According to this embodiment described in the
foregoing, the display characteristics can be improved in a
liquid crystal display device, in which the pretilt angle and
the tilt direction upon application of a voltage of the liquid
crystal molecules are controlled by utilizing a polymer
material obtained by polymerization under light or heat,
whereby unevenness in optical characteristics in each panel
can be reduced.

[0061]

[0062] A second embodiment of the invention related to a
method for producing a liquid crystal display device.

[0063] As an improvement of an MVA mode liquid crystal
display device, a liquid crystal display device using a liquid
crystal composition containing a photopolymerizable com-
ponent, a thermally polymerizable component or a photo-
thermally polymerizable component (as described, for
example, in JP-A-2002-23199 and JP-A-2002-357830) has
been proposed. The liquid crystal display device is produced
in such a manner that a liquid crystal panel is produced by
holding the liquid crystal composition between a pair of
substrates, and the polymerizable composition is photopo-
lymerized or thermally polymerized under application of a
voltage (after the liquid crystal molecules are tilted to a
certain extent). The polymerizable component is generally
constituted by a monomer capable of being polymerized
with an ultra violet ray or heat. In this production method,
the polymerizable component is polymerized in such a state
that the liquid crystal molecules are tilted with respect to the
surface of the substrate. Although the liquid crystal mol-
ecules attempt to resume the state substantially perpendicu-
lar to the surface of the substrate after completing the
polymerization, the polymerizable component thus cured
maintains the polymerized state, and the liquid crystal
molecules are in a state slightly pretilted with respect to the
surface of the substrate by receiving an adsorption power of
the polymerizable component. Therefore, the response time
upon application of a voltage is shortened.

[0064] In aliquid crystal display device thus produced by
the production method, however, it has been found that
fluctuation in optical characteristics of the liquid crystal
panel occurs in the case where the thickness of the cell
slightly varies. It has also been found that the state of the
polymerization is preferably monitored because the display
characteristics of the liquid crystal display are influenced by
the state of the polymerization. Furthermore, in the case
where a failure occurs in a polymerization apparatus, it is
necessarily restored as soon as possible. Moreover, such

[Second Embodiment]
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display failures that have not occurred in the conventional
alignment techniques become issues. For example, in the
case where a liquid crystal panel before polymerization is
statically charged, or a liquid crystal panel before polymer-
ization receives a light having a longer wavelength than that
on polymerization, unevenness in polymerization occurs to
cause slight fluctuation in alignment state of the liquid
crystal, whereby the optical characteristics are fluctuated, or
unevenness in display occurs.

[0065] In the casc where a foreign matter generating a
radical or a cation under UV radiation or heat is attached to
the blank panel or the substrate before injecting a liquid
crystal, the polymerization cannot be stably carried out to
cause a problem in occurrence of display unevenness.

[0066] Therefore, such a liquid crystal display device is
demanded that exhibits no display unevenness, has bright
display and excellent responsiveness, exhibits less color
change in halftone, and provides constant optical character-
istics, such as the y characteristics, the black luminance and
the white luminance, from the standpoint of mass produc-
tion.

[0067] An object of this embodiment is to provide a
method for producing a liquid crystal display device capable
of providing a liquid crystal display device exhibiting no
display unevenness, bright display and excellent responsive-
ness.

[0068] In one aspect, the method for producing a liquid
crystal display device according to the embodiment contains
steps of: holding a liquid crystal composition containing a
photopolymerizable component, a thermally polymerizable
component or a photothermally polymerizable component
between a pair of substrates to produce a liquid crystal panel,
measuring a value indicating optical characteristics of the
liquid crystal panel; and subjecting the polymerizable com-
ponent to photopolymerization or thermal polymerization
under application of a voltage with at least one of the
voltage, a light illuminance, a temperature, a light radiation
time and a heating time being adjusted based on the value
thus measured.

[0069] In another aspect, the method for producing a
liquid crystal display device according to the embodiment
contains steps of: holding a liquid crystal composition
containing a photopolymerizable component, a thermally
polymerizable component or a photothermally polymeriz-
able component between a pair of substrates to produce a
liquid crystal panel;, measuring a value indicating optical
characteristics of the liquid crystal panel; subjecting the
polymerizable component to photopolymerization or ther-
mal polymerization under application of a voltage; and
subjecting the liquid crystal panel after polymerization to
additional light irradiation or additional heat application
based on the value thus measured.

[0070] Instill another aspect, the method for producing a
liquid crystal display device according to the embodiment
contains steps of: holding a liquid crystal composition
containing a photopolymerizable component, a thermally
polymerizable component or a photothermally polymeriz-
able component between a pair of substrates to produce a
liquid crystal panel; subjecting the polymerizable compo-
nent to photopolymerization or thermal polymerization
under application of a voltage; and measuring a value
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indicating optical characteristics of the liquid crystal panel
after polymerization to evaluate the polymerization having
been completed in a desired state.

[0071] According to the aforementioned constitutions,
polarizing plates are disposed above and below the liquid
crystal panel before polymerization, and the transmittance,
the luminance and the illuminance of the liquid crystal panel
are measured. Based on the values thus measured, the
voltage, the light illuminance, the temperature, the light
radiation time and the heating time applied to the liquid
crystal molecules are appropriately controlled. According to
the procedures, the y value, the black luminance and the
white luminance can be maintained constant. Furthermore,
the transmittance is similarly measured after polymerization,
whereby it can be confirmed as to whether or not the
polymerization has been completed in a desired state, and in
the case where a failure occurs in the polymerization appa-
ratus, restoration can be made rapidly.

[0072] In a further aspect, the method for producing a
liquid crystal display device according to the embodiment
contains steps of: holding a liquid crystal composition
containing a photopolymerizable component, a thermally
polymerizable component or a photothermally polymeriz-
able component between a pair of substrates to produce a
liquid crystal panel; subjecting the polymerizable compo-
nent to photopolymerization or thermal polymerization
under application of a voltage; and measuring a value
indicating optical characteristics of the liquid crystal panel
during polymerization.

[0073] According to the aforementioned constitution, the
electric current flowing in the liquid crystal cell, and the
transmittance, the luminance and the illuminance of the
panel are measured during polymerization, whereby the
polymerization can be prevented from proceeding without
application of a prescribed voltage due to electrical contact
failure upon polymerization, and thus a desired alignment
state can be securely obtained.

[0074] In a still further aspect, the method for producing
a liquid crystal display device according to the embodiment
contains steps of: holding a liquid crystal composition
containing a photopolymerizable component, a thermally
polymerizable component or a photothermally polymeriz-
able component between a pair of substrates to produce a
liquid crystal panel; removing electrostatic injecte of the
liquid crystal panel; and then subjecting the polymerizable
component to photopolymerization or thermal polymeriza-
tion under application of a voltage.

[0075] According to the aforementioned constitution,
electrostatic charge on the liquid crystal panel is removed
before polymerization, whereby local fluctuations in effec-
tive voltage can be removed to suppress display unevenness
after polymerization.

[0076] In a still further aspect, the method for producing
a liquid crystal display device according to the embodiment
contains steps of: holding a liquid crystal composition
containing a photopolymerizable component, a thermally
polymerizable component or a photothermally polymeriz-
able component between a pair of substrates to produce a
liquid crystal panel; irradiating the liquid crystal panel with
light having a longer wavelength than that on polymeriza-
tion; and then subjecting the polymerizable component to
photopolymerization or thermal polymerization under appli-
cation of a voltage.
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[0077] According to the aforementioned constitution, the
liquid crystal panel is irradiated with light having a longer
wavelength than that on polymerization or with weak light
with or without application of a voltage before polymeriza-
tion, whereby display unevenness on a part locally irradiated
with light having a longer wavelength is prevented from
occurring. According to the procedure, furthermore, the
polymerizable component in the liquid crystal composition
is activated to shorten the radiation time required for poly-
merization. Moreover, the y value, the black luminance and
the white luminance of the display device can be maintained
constant by irradiating with light having a longer wave-
length at an arbitrary intensity for an arbitrary period of
time.

[0078] In a still further aspect, the method for producing
a liquid crystal display device according to the embodiment
contains steps of: subjecting a substrate or a pair of substrate
attached to each other to irradiation of light or application
heat; holding a liquid crystal composition containing a
photopolymerizable component, a thermally polymerizable
component or a photothermally polymerizable component
between the pair of substrates to produce a liquid crystal
panel; and then subjecting the polymerizable component to
photopolymerization or thermal polymerization under appli-
cation of a voltage.

[0079] According to the aforementioned constitution, the
substrate or the blank cell before injecting the liquid crystal
composition is subjected to irradiation of light or application
of heat, whereby a foreign matter generating a radical or a
cation under UV radiation or heat is reacted before injecting
the liquid crystal composition to prevent the foreign matter
from functioning as a polymerization initiator upon poly-
merization. Furthermore, in the case where the process step
is applied to a substrate before coating an alignment film, the
wettability on the surface of the substrate is improved to
relieve failure of the alignment line due to repellency.

[0080] The embodiment will be described in more detail
with reference to the following examples.

[0081] FIG. 8 is a view showing a liquid crystal display
device produced in an example according to the embodi-
ment. A liquid crystal display device (liquid crystal panel) 10
contains a liquid crystal 16 held between a pair of glass
substrates 12 and 14. One glass substrate 12 is a color filter
substrate, which has a color filter 18, a common electrode 20
and a vertical alignment film 22. The other glass substrate 14
is a TFT substrate, which has a TFT (not shown in the
figure), a pixel electrode 24 and a vertical alignment film 26.
The glass substrate 14 also has a data bus line and a gate bus
line.

[0082] The liquid crystal 16 contains a liquid crystal
having negative dielectric anisotropy (produced by Merck
Japan Co., Ltd.) and a photopolymerizable component, a
thermally polymerizable component or a photothermally
polymerizable component contained in the liquid crystal.
For example, the polymerizable component is formed from
an acrylic polymerizable component exhibiting nematic
liquid crystallinity (produced by Merck Japan Co., Ltd.), and
is contained in the liquid crystal in an amount of 0.1% to
0.3% by weight. In this example, the polymerizable com-
ponent is mixed in an amount of 0.2% by weight.

[0083] The pair of glass substrates 12 and 14 are attached
with spacers of 4 um intervening therebetween, and then the
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liquid crystal 16 is injected in a blank cell constituted from
the pair of glass substrates 12 and 14. In alternative, the
liquid crystal 16 is injected by dispensing on one of the glass
substrates, and then the pair of glass substrates 12 and 14 are
attached. The liquid crystal panel 10 is thus produced by the
aforementioned procedures.

[0084] FIG. 9 is a view showing the liquid crystal display
panel 10, which is subjected to a polymerization treatment
by irradiating with an ultraviolet (UV) ray under application
of a voltage to the liquid crystal panel 10. The liquid crystal
molecules are tilted to a certain extent upon application of a
voltage. After the alignment direction of the liquid crystal
settled to a certain extent, the panel is subjected to irradia-
tion of light or application of heat to subject the polymer-
izable component to photopolymerization or thermal poly-
merization,

[0085] FIG. 10 is a diagram showing alignment of the
liquid crystal of the liquid crystal panel having been sub-
jected to the polymerization treatment. The arrow A denotes
the alignment direction of the liquid crystal molecules
during polymerization, and the liquid crystal skeleton of the
polymerizable components is cured by polymerization in the
same alignment direction as the liquid crystal molecules.
The arrow B denotes the alignment controlling direction of
the vertical alignment film 26. The voltage is terminated
after completion of the polymerization treatment, and there-
fore, the liquid crystal molecules attempt to resume the state
substantially perpendicular to the surface of the substrate.
However, the liquid crystal molecules 16A receive an
adsorption power C from the polymerizable component thus
cured. As a result, the liquid crystal molecules 16A are in a
state slightly pretilted as a whole with respect to the surface
of the substrate, whereby the response time of the liquid
crystal upon use is shortened.

[0086] The pair of glass substrates 12 and 14 or one of the
glass substrates 12 and 14 is provided with an alignment
controlling structure, such as protrusions and slits. FIGS.
11A to 15 are diagrams showing examples of an alignment
controlling structure, such as protrusions and slits. FIGS.
11A, 12A, 13A and 14A are cross sectional views, and
FIGS. 11B, 12B, 13B, 14B and 15 are plan views.

[0087] In the example shown in FIGS. 11A and 11B, a
linear long slit 28 is provided on one glass substrate 14. The
slit 28 is constituted, for example, from a slit provided on the
pixel electrode 24, and the vertical alignment film 26 on the
pixel electrode 24 is depressed at the slit of the pixel
electrode 24 to form the desired shape (slit). Another linear
long slit 28 may be provided on the other glass substrate 12
in parallel to the slit 28 on the substrate 12 with being
staggered by half pitch. Upon application of a voltage, the
liquid crystal molecules 16A are tilted to a direction per-
pendicular to the slit 28. In a state where the liquid crystal
molecules 16A are tilted as shown in FIG. 11A, the panel is
subjected to irradiation of light or application of heat to
polymerize and cure the polymerizable component. The
pretilted state described with reference to FIG. 10 is thus
realized.

[0088] In the example shown in FIGS. 12A and 12B, a
linear long protrusion 30 is provided on one glass substrates
14. The protrusion 30 is constituted, for example, by pro-
viding a dielectric material on the pixel electrode 24 to form
such a configuration that the vertical alignment film 26
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covers the dielectric material. Another linear long protrusion
may be provided on the other glass substrate 12 in parallel
to the protrusion 30 on the substrate 12 with being staggered
by half pitch. Upon application of a voltage, the liquid
crystal molecules 16A are tilted to a direction perpendicular
to the protrusion 30. In a state where the liquid crystal
molecules 16A are tilted as shown in FIG. 12A, the panel is
subjected to irradiation of light or application of heat to
polymerize and cure the polymerizable component. The
pretilted state described with reference to FIG. 10 is thus
realized.

[0089] In the example shown in FIGS. 13A and 13B, a
linear long slit 28 is provided on one glass substrates 14, and
another linear long slit 28A is provided on the other glass
substrate 12 in a direction perpendicular to the slit 28. In the
case where the slits 28 and 28A perpendicular to each other
are formed, upon application of a voltage, the liquid crystal
molecules 16A are tilted to a direction forming 45° with
respect to the slits 28 and 28A. In a state where the liquid
crystal molecules 16A are tilted as shown in FIG. 13A, the
panel is subjected to irradiation of light or application of heat
to polymerize and cure the polymerizable component.

[0090] In the example shown in FIGS. 14A and 14B, a
linear long protrusion 30 is provided on one glass substrates
14, and another linear long protrusion 30A perpendicular to
each other is provided on the other glass substrate 12 in a
direction perpendicular to the protrusion 30. In the case
where the protrusions 30 and 30A are formed, upon appli-
cation of a voltage, the liquid crystal molecules 16A are
tilted to a direction forming 45° with respect to the protru-
sions 30 and 30A. In a state where the liquid crystal
molecules 16A are tilted as shown in FIG. 14A, the panel is
subjected to irradiation of light or application of heat to
polymerize and cure the polymerizable component.

[0091] Inthe example shown in FIG. 185, a linear long slit
28B and a linear long slit 28C perpendicular to the slit 28B
are provided on one glass substrate 14. In the case where the
slits 28B and 28C perpendicular to each other are formed,
upon application of a voltage, the liquid crystal molecules
16A are tilted to a direction forming 45° with respect to the
slits 28B and 28C (as shown in FIG. 13B). In a state where
the liquid crystal molecules 16A are thus tilted, the panel is
subjected to irradiation of light or application of heat to
polymerize and cure the polymerizable component. In FIG.
15, auxiliary thin slits 28D are formed in a direction forming
45° with respect to the slits 28B and 28C. The auxiliary thin
slits 28D make the liquid crystal molecules 16A direct to a
direction in parallel to the slits 28D. Protrusions perpen-
dicular to each other may be provided instead of the slits
28B and 28C perpendicular to each other.

[0092] In this embodiment, the following means is further
employed upon producing a liquid crystal display device
(liquid crystal panel).

[0093] FIG. 16 is a diagram showing an example of a
production apparatus for a liquid crystal display device
according to this embodiment. The production apparatus of
a liquid crystal display device contains a radiation device 32
and a power source 34. The radiation device 32 is disposed,
for example, in a chamber 36, and preferably radiates an
ultraviolet ray. The chamber 36 contains a shutter capable of
being opened upon radiating an ultraviolet ray. In the case
where the polymerizable component is thermally polymer-
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izable, a heating device is provided in addition to the
radiation device 32 or instead of the radiation device 32.

[0094] A controlling device 38 stores the voltage, the light
illuminance, the temperature, the light radiation time and the
heating time required for supplying a voltage from the
power source 34 to the liquid crystal panel 10, and irradi-
ating the liquid crystal panel 10 in a state where the liquid
crystal molecules are tilted with an ultraviolet ray radiated
from the radiation device 32, so as to polymerize and cure
the polymerizable component contained in the liquid crystal
16 as described in the foregoing, and the controlling device
38 controls the power source 34 and the radiation device 32
based on the values thus stored. In alternative, the power
source 34 and the radiation device 32 may be individually
controlled based on the voltage, the light illuminance, the
temperature, the light radiation time and the heating time
separately set.

[0095] A measuring device 40 is provided prior to a step
of conveying the liquid crystal panel 10 to the chamber 36
as shown in the arrow in the figure. The measuring device 40
measures values indicating the optical characteristics of the
liquid crystal panel 10. For example, the measuring device
40 contains a luminance meter and an illuminance meter for
measuring the transmittance, the luminance and the illumi-
nance of the liquid crystal panel 10 before polymerization.
During the measurement, polarizers 41 and 42 are disposed
as crossed nicols on the liquid crystal panel 10, and a voltage
is supplied to the liquid crystal panel 10 from the power
source 34.

[0096] The values thus measured by the measuring device
40 are stored in the controlling device 38, and upon con-
veying the liquid crystal panel 10 to the chamber 36 for
subjecting to the polymerization treatment, at least one of
the voltage, the light illuminance, the temperature, the light
radiation time and the heating time upon polymerization is
compared to the values indicating the optical characteristics
of the liquid crystal panel 10 measured before polymeriza-
tion, whereby the set values are adjusted to effect compen-
sation,

[0097] For example, a voltage of 2.5 V is applied to the
liquid crystal layer before polymerization, and the lumi-
nance of the liquid crystal panel 10 is measured on the
polarizing plates disposed as crossed nicols. Thereafter, the
polymerization is carried out in such a way that a voltage
slightly lower than the prescribed value is applied to the
liquid crystal panel 10 having a higher luminance, and a
voltage slightly higher than the prescribed value is applied
to the liquid crystal panel 10 having a lower luminance.
According to the procedures, the optical characteristics in
each liquid crystal panel can be made uniform obtained, and
thus, the y value and the black luminance become constant
in each panel.

[0098] FIG. 20 is a flow chart showing an example of the
polymerization treatment. In a step 50, the pair of substrates
12 and 14 are attached, and the liquid crystal 16 is injected.
In a step 51, values indicating the optical characteristics of
the liquid crystal panel 10 are measured. In a step 52, a
voltage is applied, and light radiation (and/or heating) is
effected to polymerize the polymerizable component con-
tained in the liquid crystal 16. In this case, at least one of the
voltage, the light illuminance, the temperature, the light
radiating time and the heating time upon polymerization is
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adjusted based on the measured value indicating the optical
characteristics of the liquid crystal panel 10.

[0099] FIG. 21 is a flow chart showing another example
of the polymerization treatment. In a step 50, the pair of
substrates 12 and 14 are attached, and the liquid crystal 16
is injected. In a step 51, values indicating the optical
characteristics of the liquid crystal panel 10 are measured. In
astep 52, a voltage is applied, and light radiation is effected
to polymerize the polymerizable component contained in the
liquid crystal 16. In a step 53, additional light irradiation or
additional heat application is effected after polymerization
based on the measured value indicating the optical charac-
teristics of the liquid crystal panel 10.

[0100] After polymerizing the polymerizable component
of the liquid crystal panel 10, additional light irradiation is
effected to the liquid crystal panel 10 based on the measured
values indicating the optical characteristics of the liquid
crystal panel 10. In this case, a slightly longer additional
light irradiation time is applied to the liquid crystal panel
having a higher luminance before polymerization, and a
slightly shorter additional light irradiation time is applied to
the liquid crystal panel having a lower luminance. Accord-
ing to the procedures, the y value and the black luminance
are constant in each panel.

[0101] FIG. 22 is a flow chart showing still another
example of the polymerization treatment. In a step 50, the
pair of substrates 12 and 14 are attached, and the liquid
crystal 16 is injected. In a step 52, a voltage is applied, and
light radiation is effected to polymerize the polymerizable
component contained in the liquid crystal 16. In a step 54,
values indicating the optical characteristics of the liquid
crystal panel 10, such as the transmittance, are measured.
The measurement can be carried out with the similar mea-
suring device as the measuring device 40 in FIG. 16. In a
step 55, the liquid crystal panel 10 is evaluated as to whether
or not the polymerization has been completed in a desired
state based on the measured value indicating the optical
characteristics of the liquid crystal panel 10.

[0102] The optical characteristics of the liquid crystal
panel 10, such as the transmittance, are measured after
polymerization, whereby it can be confirmed as to whether
or not the polymerizable component contained in the liquid
crystal 16 of the liquid crystal panel 10 is polymerized in the
desired state. In general, the transmittance of the liquid
crystal panel 10 is substantially constant in each liquid
crystal panel 10, and the vy value, the black luminance and the
white luminance of the liquid crystal panels are also sub-
stantially constant. However, in the case where the trans-
mittance of the liquid crystal panel 10 thus measured is
deviated from the desired value, such an unusual matter that
a failure is occurring in the polymerization apparatus is
expected, whereby restoration can be made rapidly.

[0103] FIG. 17 is a diagram showing another example of
the production apparatus for a liquid crystal display device
according to this embodiment. Similar to FIG. 16, the
production apparatus shown in FIG. 17 contains a radiation
device 32, a power source 34, a chamber 36 and a control-
ling device 38. Furthermore, a measuring device is provided
for measuring values indicating the optical characteristics of
the liquid crystal panel 10 during polymerization of the
polymerizable component contained in the liquid crystal 16
of the liquid crystal panel 10. In FIG. 17, the measuring
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device for measuring values indicating the optical charac-
teristics of the liquid crystal panel 10 is constituted from an
ammeter 44.

[0104] The electric current flowing in the liquid crystal
panel 10 and the transmittance, the luminance or the illu-
minance of the liquid crystal panel 10 during polymeriza-
tion, whereby it can be detected as to whether or not the
polymerization has even effected without application of the
desired voltage to the liquid crystal due to electrical contact
failure upon polymerization. According to the procedures,
an unusual matter can be prevented from occurring, and
thus, a liquid crystal display device having a desired
pretilted alignment state can be securely obtained.

[0105] FIG. 18 is a diagram showing still another example
of the production apparatus for a liquid crystal display
device according to this embodiment. The production appa-
ratus shown in FIG. 18 contains a radiation device 32, a
power source 34, a chamber 36 and a controlling device 38,
as similar to the production apparatus shown in FIG. 16. In
FIG. 18, an ionizer 46 is provided prior to a step of
conveying the liquid crystal panel 10 to the chamber 36. The
ionizer 46 generates ions as shown by the arrow in the figure,
and removes electrostatic charge 47 injected in the liquid
crystal panel 10 with the ions. The liquid crystal panel 10 is
thus destaticized with the ionizer 46 from above or beneath
the liquid crystal panel 10 before polymerization, and then
the panel is subjected to the polymerization treatment.
Electrostatic charge injected on the liquid crystal panel 10 is
removed before polymerization, whereby local fluctuations
in effective voltage can be removed to suppress display
unevenness after polymerization. Consequently, a liquid
crystal display device without display unevenness can be
obtained.

[0106] FIG.19 s a diagram showing a further example of
the production apparatus for a liquid crystal display device
according to this embodiment. The production apparatus
shown in FIG. 19 contains a radiation device 32, a power
source 34, a chamber 36 and a controlling device 38, as
similar to the production apparatus shown in FIG. 16. In
FIG. 19, a radiation device 48 is provided prior to a step of
conveying the liquid crystal panel 10 to the chamber 36. The
radiation device 48 radiates the liquid crystal panel 10 with
light having a longer wavelength than that on polymeriza-
tion.

[0107] For example, the radiation device 32 used upon
polymerization radiates light having a wavelength of 300 to
400 nm. On the other hand, the radiation device 48 used
before polymerization radiates light having a wavelength of
400 to 440 nm. According to the procedures, a desired
pretilted state can be obtained in a short period of time of UV
radiation upon application of a voltage.

[0108] In the aforementioned constitution, the irradiation
before polymerization may be effected with or without
application of a voltage. The liquid crystal panel is irradiated
with light having a longer wavelength than that on poly-
merization or with weak light, whereby display unevenness
on a part locally irradiated with light having a longer
wavelength is prevented from occurring. According to the
procedure, furthermore, the polymerizable component in the
liquid crystal composition is activated to shorten the radia-
tion time required for polymerization. Moreover, the y value,
the black lTuminance and the white luminance of the display
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device can be maintained constant by irradiating with light
having a longer wavelength at an arbitrary intensity for an
arbitrary period of time.

[0109] FIG. 23 is a flow chart showing a further example
of the polymerization treatment. In FIG. 23, the glass
substrates 12 and 14 are irradiated with light in a step 56. In
this case, for example, the glass substrates 12 and 14 are
irradiated with light having a wavelength of 150 to 400 nm.
The glass substrates 12 and 14 may be heated instead of the
irradiation with light. In a step 57, the pair of glass substrates
12 and 14 are attached. In a step 38, the aforementioned
liquid crystal 16 containing the polymerizable component is
charged between the pair of glass substrates 12 and 14. In a
step 52, the polymerizable component contained in the
liquid crystal 16 is polymerized and heated under applica-
tion of a voltage and radiation of an ultraviolet ray. The order
of the step 56 and the step 57 may be inverted.

[0110] According to the constitution, the substrate or the
blank cell before injecting the liquid crystal composition is
subjected to irradiation of light or application of heat,
whereby a foreign matter generating a radical or a cation
under UV radiation or heat is reacted before injecting the
liquid crystal composition to prevent the foreign matter from
functioning as a polymerization initiator upon polymeriza-
tion. Therefore, the polymerization can be stably carried out.
Furthermore, in the case where the process step is applied to
a substrate before coating an alignment film, the wettability
on the surface of the substrate is improved to relieve failure
of the alignment line due to repellency.

[0111] According to this embodiment as described in the
foregoing, in a liquid crystal display device, in which a
pretilt angle and a tilt direction upon application of a voltage
of liquid crystal molecules are controlled by using a poly-
merizable component capable of being polymerized with
light or heat (a polymer material), the display characteristics
can be improved, and fluctuation in optical characteristics
among the liquid crystal display devices can be suppressed.

[0112] The invention is not construed as being limited to
the aforementioned embodiments, and various changes and
modifications may be made therein.

[0113] For example, while such a liquid crystal device has
been exemplified as a device that contains a color filter layer
formed on a counter substrate disposed as facing a TFT
substrate, the invention is not limited thereto and can be
applied to a liquid crystal display device having a so-called
CF-on-TFT structure, in which a color filter layer is formed
on a TFT substrate.

[0114] As described in the foregoing, a liquid crystal
display device providing good display characteristics can be
realized.

What is claimed is:
1. A method for producing a liquid crystal display device
comprising the steps of:

sealing a liquid crystal containing a polymerizable com-
ponent capable of being polymerized with heat or light
between a pair of substrates having been disposed as
being opposed to each other; and

polymerizing the polymerizable component by irradiating
the liquid crystal with light of a prescribed luminance
at a prescribed temperature for a prescribed irradiating
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time under application of a prescribed voltage, so as to
control a pretilt angle and a tilt direction of liquid
crystal molecules,

wherein at least one of the voltage, the temperature, the
luminance and the irradiation time is controlled as a
parameter to obtain prescribed optical characteristics.

2. A method for producing a liquid crystal display device
as claimed in claim 1, wherein the voltage is controlled
within a range of 0.1 V t0 100 V.

3. A method for producing a liquid crystal display device
as claimed in claim 1, wherein the temperature is controlled
within a range of -30° C. to 250° C.

4. A method for producing a liquid crystal display device
as claimed in claim 1, wherein the Iuminance is controlled
within a range of 1 mW/em? to 10,000 mW/enm?®.

5. A method for producing a liquid crystal display device
as claimed in claim 1, wherein the radiation time is con-
trolled within a range of 1 msec to 24 hours.

6. A method for producing a liquid crystal display device
comprising the steps of:

sealing a liquid crystal containing a polymerizable com-
ponent capable of being polymerized with heat or light
in a first concentration, a polymerization initiator in a
second concentration and a polymerization inhibitor in
a third concentration, respectively, between a pair of
substrates having been disposed as being opposed to
each other; and

polymerizing the polymerizable component so as to con-
trol a pretilt angle and a tilt direction of liquid crystal
molecules,

wherein at least one of the first to third concentrations is
controlled as a parameter, whereby obtains desired
optical characteristics.

7. A method for producing a liquid crystal display device
as claimed in claim 6, wherein the first concentration is
controlled within a range of 0.001% to 10% by weight.

8. A method for producing a liquid crystal display device
as claimed in claim 6, wherein the second concentration is
controlled within a range of 0.0001% to 10% by weight.

9. A method for producing a liquid crystal display device
as claimed in claim 1, wherein the parameter is controlled
under feedback of a thickness of a cell or a height of a pillar
spacer formed on one of the pair of substrates before and
after injecting the liquid crystal.

10. A method for producing a liquid crystal display device
as claimed in claim 1, wherein the parameter is controlled to
compensate a luminance distribution within the panel.

11. A method for producing a liquid crystal display device
as claimed in claim 1, wherein the optical characteristics
include y characteristics and a transmittance upon displaying
black.

12. A method for producing a liquid crystal display device
comprising the steps of:

sealing a liquid crystal containing a polymerizable com-
ponent capable of being polymerized with heat or light
between a pair of substrate having been disposed as
being opposed to each other; and
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polymerizing the polymerizable component under appli-
cation of a prescribed voltage, so as to control a pretilt
angle and a tilt direction of liquid crystal molecules,

wherein the voltage is varied in each color of a color filter
layer.
13. Amethod for producing a liquid crystal display device
comprising the steps of:

sealing a liquid crystal containing a polymerizable com-
ponent capable of being polymerized with light
between a pair of substrates having been disposed as
being opposed to each other; and

polymerizing the polymerizable component by irradiating
the liquid crystal with light under application of a
prescribed voltage, so as to control a pretilt angle and
a tilt direction of liquid crystal molecules,

wherein the light is radiated by scanning a surface of the
substrate using a linear light source.
14. Amethod for producing a liquid crystal display device
comprising the steps of:

holding a liquid crystal composition containing a photo-
polymerizable component, a thermally polymerizable
component or a photothermally polymerizable compo-
nent between a pair of substrates to produce a liquid
crystal panel;

measuring a value indicating optical characteristics of the
liquid crystal panel; and

subjecting the polymerizable component to photopoly-

merization or thermal polymerization under application

of a voltage so as to adjust at least one of the voltage,

a light illuminance, a temperature, a light radiation time

and a heating time based on the value thus measured.

15. Amethod for producing a liquid crystal display device
comprising the steps of:

holding a liquid crystal composition containing a photo-
polymerizable component, a thermally polymerizable
component or a photothermally polymerizable compo-
nent between a pair of substrates to produce a liquid
crystal panel;

measuring a value indicating optical characteristics of the
liquid crystal panel,

subjecting the polymerizable component to photopoly-
merization or thermal polymerization under application
of a voltage; and

subjecting the liquid crystal panel after polymerization to
additional light irradiation or additional heat applica-
tion based on the value thus measured.
16. Amethod for producing a liquid crystal display device
comprising the steps of:

holding a liquid crystal composition containing a photo-
polymerizable component, a thermally polymerizable
component or a photothermally polymerizable compo-
nent between a pair of substrates to produce a liquid
crystal panel;

subjecting the polymerizable component to photopoly-
merization or thermal polymerization under application
of a voltage; and
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measuring a value indicating optical characteristics of the
liquid erystal panel after polymerization to evaluate the
polymerization having been completed in a desired
state.
17. A method for producing a liquid crystal display device
comprising the steps of:

holding a liquid crystal composition containing a photo-
polymerizable component, a thermally polymerizable
component or a photothermally polymerizable compo-
nent between a pair of substrates to produce a liquid
crystal panel;

subjecting the polymerizable component to photopoly-
merization or thermal polymerization under application
of a voltage; and

measuring a value indicating optical characteristics of the
liquid crystal panel during polymerization.
18. A method for producing a liquid crystal display device
comprising the steps of:

holding a liquid crystal composition containing a photo-
polymerizable component, a thermally polymerizable
component or a photothermally polymerizable compo-
nent between a pair of substrates to produce a liquid
crystal panel;

removing electrostatic charge of the liquid crystal panel;
and

subjecting the polymerizable component to photopoly-
merization or thermal polymerization under application
of a voltage.
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19. Amethod for producing a liquid crystal display device
comprising the steps of:

holding a liquid crystal composition containing a photo-
polymerizable component, a thermally polymerizable
component or a photothermally polymerizable compo-
nent between a pair of substrates to produce a liquid
crystal panel;

irradiating the liquid crystal panel with light having a
longer wavelength than that on polymerization; and

subjecting the polymerizable component to photopoly-
merization or thermal polymerization under application
of a voltage.

20. A method for producing a liquid crystal display device
comprising the steps of:

subjecting a substrate or a pair of substrate attached to
each other to irradiation of light or application heat;

holding a liquid crystal composition containing a photo-
polymerizable component, a thermally polymerizable
component or a photothermally polymerizable compo-
nent between the pair of substrates to produce a liquid
crystal panel; and

subjecting the polymerizable component to photopoly-
merization or thermal polymerization under application
of a voltage.
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