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(57) ABSTRACT

A high-performance liquid crystal display device is provided
that can be manufactured at a low cost and a high production
yield. In this liquid crystal display device, a liquid crystal
composition comprising liquid crystal molecules and a poly-
merizable compound that can be polymerized by ultraviolet
rays or by a combination of ultraviolet rays and heat is
disposed between a pair of substrates; the polymerizable
compound is polymerized, forming a liquid crystal layer, by
an operation including irradiation of ultraviolet rays that do
not contain wavelength components of not higher than 313
nm; and uneven portions are installed on the liquid crystal
layer contacting surface, or a slit pattern is installed in an
electrode, or uneven portions are installed on the liquid
crystal layer contacting surface, and a slit pattern is installed
in the electrode.
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FIG. 1A
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FIG. 2
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FIG. 6A
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FIG. 9 NO VOLTAGE APPLICATION (BLACK DISPLAY)

VOLTAGE APPLICATION (WHITE DISPLAY)
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FIG. 11
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FIG. 12
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FIG. 13
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2004-278069, filed on Sep. 24, 2004, the entire contents
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device.

[0004] 2. Description of the Related Art

[0005] In recent years, widely used as liquid crystal dis-

play devices (LCD’s) using active matrices are liquid crystal
display devices according to the TN mode in which a liquid
crystal material having a positive dielectric constant anisot-
ropy is aligned horizontally along the surface of two sub-
strates facing each other with twisting at an angle of 90°
between the substrates. However, this TN mode has a
problem of poor viewing angle properties, and various
investigations have been made to improve the viewing angle
properties.

[0006] An MVA (Multi-domain Vertical Alignment) mode
has been developed as an alternative, in which an n-type
liquid crystal having a negative dielectric constant anisot-
ropy is vertically aligned, and the tilting direction of the
liquid crystal molecules is controlled through the control of
electric field by uneven portions formed on the surface of
substrates and/or by patterns in a transparent electrode (see
Japanese Unexamined Patent Application Publication No.
H11-95221 (claims), HS8-338993 (claims), HS5-232465
(claims), and HO8-036186 (EXAMPLE 1), for example).

[0007] As one of causes to decrease the production yield
in the production of the MVA liquid crystal panels, there is
a problem of defects generated during the process for
forming alignment layers. As one of serious defects from the
viewpoint of materials for use, there is a problem of cissing
or dewetting of the alignment layer material caused by the
uneven portions on the substrate surface. This cissing or
dewetting phenomenon tends to occur in the protruding parts
of protrusions or the like formed on the substrate surface,
with the result that the alignment layers become thinner in
such portions, making vertical alignment difficult. Further-
more, as a problem of facilities, the technology to print
alignment layers itself finds difficulty in accommodating the
current large substrates. Accordingly, it is more and more
difficult to manufacture large substrates requiring alignment
layers at a high production yield.

[0008] As one technique to solve the above-described
problems, polymer dispersion-type liquid crystals have long
been studied and developed, in which liquid crystal display
devices that do not need alignment layers are realized by
mixing a photopolymerizable monomer with a liquid crystal,
disposing the mixture between substrates, and irradiating
ultraviolet rays.

[0009] However, this system has not proved to be practi-
cal, with various issues such as low contrast ratio and high
driving voltage. To improve this system, a reverse-mode
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polymer dispersion-type liquid crystal system has been
reported in which the liquid crystal molecules are vertically
aligned at the initial alignment (see, for example, “the 17th
liquid crystal discussion, drafts for lecture, p. 328). This
system realizes a VA alignment without using alignment
layers.

[0010] Furthermore, the ECB system using a polarizing
plate having an excellent display quality has been also
proposed, while the above-described system is a dispersion
system with a low contrast ratio (see Japanese patent No.
2881073 (claims), for example). However, in this system,
the liquid crystal material in the polymer must have a
negative dielectric constant anisotropy and must be able to
be driven at two frequencies, which is not common. Fur-
thermore, the production processes are complicated, includ-
ing the necessity to align the liquid crystal under a magnetic
field. Accordingly, it is not a practical technology.

[0011] Furthermore, among the improvements of known
technologies, there is one disclosed in Japanese Unexamined
Patent Application Publication No. H11-95221 (claims).
Regarding this technology, it is the same as the known
technologies in the way of mixing a photopolymerizable
monomer with a liquid crystal. By activating the substrate
with heating or ultraviolet ray irradiation, a vertical align-
ment is realized, utilizing the property that the monomer and
the liquid crystal are phase-separated from each other, and
the monomer is spontaneously adsorbed onto the surface of
the substrate, when the mixture of liquid crystal and mono-
mer is left standing in a sealed state. Furthermore, the
adsorbed monomer on the surface of the substrate is poly-
merized by irradiation with ultraviolet rays in a range of
180-400 nm. At this moment, the alignment direction of the
liquid crystal molecules is regulated by irradiation at a slant
with parallel ultraviolet rays.

[0012] However, it was found difficult to realize a stable
alignment, in this system. Particularly, in this system utiliz-
ing spontaneous adsorption, if a mixture of a liquid crystal
and a monomer is filled into a liquid crystal panel having a
common size, adsorption to the surface of the substrate
occurs during the filling, and the ratio of the monomer to the
liquid crystal changes according to the location to which the
mixture is filled. The difference between the monomer
concentration near the injection port and the monomer
concentration near the location that is opposite to the injec-
tion port is particularly large. After the ultraviolet ray
irradiation, this concentration difference results in a problem
of display unevenness.

[0013] Furthermore, if the surface of a substrate is acti-
vated by ultraviolet ray irradiation in the same way as this
technology, the mixing ratio of the monomer to the liquid
crystal changes during the filling, probably owing to the
adsorption phenomenon onto the substrate surface, and there
occurs a fluctuation in the thickness of the polymer film after
the ultraviolet ray irradiation. This will cause fluctuation of
display characteristics and display unevenness across the
panel.

[0014] The present invention is directed to solving these
problems, and providing a high-performance liquid crystal
display device that can be manufactured at a low cost and
high production yield. Other objects and advantages of the
present invention will be clarified by the following expla-
nation.
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SUMMARY OF THE INVENTION

[0015] According to one aspect of the present invention,
provided is a liquid crystal display device, wherein: a liquid
crystal composition comprising liquid crystal molecules and
a polymerizable compound that can be polymerized by
ultraviolet rays or by a combination of ultraviolet rays and
heat is disposed between a pair of substrates; the polymer-
izable compound is polymerized, forming a liquid crystal
layer, by an operation comprising irradiation of ultraviolet
rays that do not contain wavelength components of not
higher than 313 nm; and protrusions, recessions, or protru-
sions and recessions are installed on a liquid crystal layer
contacting surface, or a slit pattern is installed in an elec-
trode, or protrusions, recessions, or protrusions and reces-
sions are installed on the liquid crystal layer contacting
surface, and a slit pattern is installed in the electrode.

[0016] By the present invention, a high-performance lig-
uid crystal display device that can be manufactured at a low
cost and high production yield, is realized.

[0017] Preferred are that a voltage is applied to the liquid
crystal molecules at the time of ultraviolet ray irradiation;
that the structure of the liquid crystal layer contacting
surface and the constitution of the liquid crystal composition
are selected, so that when the liquid crystal composition is
disposed between the substrates, the adsorption of a polymer
formed by polymerization of the polymerizable compound
to the liquid crystal layer contacting surface occurs after the
ultraviolet ray irradiation, while the adsorption of the poly-
merizable compound to the liquid crystal layer contacting
surface is hard to occur prior to the ultraviolet ray irradia-
tion; that a resin film is disposed, and the surface is used as
the liquid crystal layer contacting surface, so that when the
liquid crystal composition is disposed between the sub-
strates, the adsorption of a polymer formed by polymeriza-
tion of the polymerizable compound to the liquid crystal
layer contacting surface easily occurs after the ultraviolet
ray irradiation, while the adsorption of the polymerizable
compound to the liquid crystal layer contacting surface is
hard to occur prior to the ultraviolet ray irradiation; that the
liquid crystal composition is filled into the space between
the substrates in a heated state when disposing the liquid
crystal composition between the substrates; that a mixture of
a monofunctional monomer and bifunctional monomer is
used as the polymerizable compound; that a mixture in
which the molar concentration of the monofunctional mono-
mer is higher than that of the bifunctional monomer, is used,
that the operation including the ultraviolet ray irradiation,
includes ultraviolet ray irradiation and a heat treatment
thereafter; that the operation including the ultraviolet ray
irradiation, includes a second ultraviolet ray irradiation after
the heat treatment; that the liquid crystal molecules have
different switching characteristics (voltage-transmittance
characteristics) within one pixel; that at least one condition
selected from the group consisting of compositional condi-
tions of the polymerizable compound, ultraviolet ray irra-
diation conditions, voltage application conditions, heat treat-
ment conditions, and formation conditions of a resin film
according to the present invention is changed within one
pixel; and that the liquid crystal molecules have a negative
dielectric constant anisotropy.

[0018] By the present invention, a high-performance lig-
uid crystal display device that can be manufactured at a low
cost and high production yield, is realized.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1A is a schematic perspective view showing
the alignment of liquid crystal molecules in a liquid crystal
panel according to the MVA mode;

[0020] FIG. 1B is a schematic perspective view showing
the alignment of liquid crystal molecules in a liquid crystal
panel according to the MVA mode;

[0021] FIG. 2 is a schematic plan view showing directions
of alignment of liquid crystal molecules in a liquid crystal
panel of a liquid crystal display device according to the
MVA mode;

[0022] FIG. 3 is a graph indicating the influence of the
wavelength and intensity of ultraviolet rays on the voltage
holding ratio;

[0023] FIG. 4 is another graph indicating the influence of

the wavelength and intensity of ultraviolet rays on the
voltage holding ratio;

[0024] FIG. 5A is a picture showing the result of obser-
vation of a liquid crystal panel in a cross-Nicol arrangement
after the filling of a liquid crystal composition;

[0025] FIG. 5B is another picture showing the result of
observation of a liquid crystal panel in a cross-Nicol
arrangement after the filling of a liquid crystal composition;

[0026] FIG. 6A is another picture showing the result of
observation of a liquid crystal panel in a cross-Nicol
arrangement after the filling of a liquid crystal composition;

[0027] FIG. 6B is another picture showing the result of
observation of a liquid crystal panel in a cross-Nicol
arrangement after the filling of a liquid crystal composition;

[0028] FIG. 7 is a picture showing an example of a slit
pattern of an ITO electrode in a liquid crystal panel;

[0029] FIG. 8A is another picture showing the result of
observation of a liquid crystal panel in a cross-Nicol
arrangement after the filling of a liquid crystal composition;

[0030] FIG. 8B is another picture showing the result of
observation of a liquid crystal panel in a cross-Nicol
arrangement after the filling of a liquid crystal composition;

[0031] FIG. 8C is another picture showing the result of
observation of a liquid crystal panel in a cross-Nicol
arrangement after the filling of a liquid crystal composition;

[0032] FIG. 9 is a picture showing states of black and
white displays in a liquid crystal panel;
[0033] FIG. 10 is a graph showing the relationship

between the brightness and response speed of liquid crystal
panels;

[0034] FIG. 11 is a graph showing the voltage-transmit-
tance characteristics of liquid crystal panels;

[0035] FIG. 12 is another graph showing the voltage-
transmittance characteristics of liquid crystal panels;

[0036] FIG. 13 is a schematic view showing exemplary
slit patterns of an electrode according to the present inven-
tion; and

[0037] FIG. 14 is a graph showing the optical character-
istics of liquid crystal panels manufactured, using an elec-
trode structure of { in FIG. 13.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0038] Embodiments according to the present invention
will now be described below, using drawings, examples, etc.
These drawings, examples, etc., and descriptions are for
demonstrating the present invention, and do not limit the
scope of the invention. Needless to say, other embodiments
can be included in the scope of the present invention as long
as they conform to the essential character according to the
present invention.

[0039] Inthe liquid crystal display device according to the
present invention, the MVA (Multi-domain Vertical Align-
ment) mode is employed wherein: protrusions, recessions, or
protrusions and recessions are installed on the liquid crystal
layer contacting surface; or a slit pattern is installed in an
electrode; or protrusions, recessions, or protrusions and
recessions are installed on the liquid crystal layer contacting
surface, and a slit pattern is installed in the electrode (the
phrase “protrusions, recessions, or protrusions and reces-
sions” will be also simply referred to as “uneven portions”,
hereafter). Through this, a plurality of alignment directions
of liquid crystal molecules can be formed in a pixel, by the
electric field applied to the liquid crystal molecules.

[0040] Here, it is to be noted that the “liquid crystal layer
contacting surface” according to the present invention does
not necessarily mean the surface of a simple substrate. It
means the surface of a layer that the liquid crystal layer
actually contacts. For example, when a substrate and a liquid
crystal layer are layered with a transparent electrode (ITO)
layer in between, and the liquid crystal layer actually con-
tacts the surface of the transparent electrode (ITO), but not
the surface of the substrate, the “liquid crystal layer con-
tacting surface” according to the present invention means
the surface of the transparent electrode (ITO) that the liquid
crystal molecules contact. If the surface of the transparent
electrode (ITO) has been subjected to a treatment to give
hydrophilicity, for example, the treated surface is the liquid
crystal layer contacting surface. The phrase “liquid crystal
layer” is applied to the case not only after but also before the
polymerizable compound according to the present invention
has been polymerized.

[0041] MVA-mode liquid crystal panels are explained
using the examples of FIG. 1A, FIG. 1B, and FIG. 2. FIG.
1A and FIG. 1B are schematic perspective views showing
the alignment of liquid crystal molecules in the liquid crystal
panel of an MVA-mode liquid crystal display device, and
FIG. 2 is a schematic plan view showing the alignment
directions of liquid crystal molecules in the liquid crystal
panel of an MVA-mode liquid crystal display device.

[0042] Inthe liquid crystal panel of this MVA-mode liquid
crystal display device, the liquid crystal molecules 1 with a
negative dielectric constant anisotropy which are between
the two glass substrates are aligned vertically as shown in
FIG. 1A when no voltage is applied. Pixel electrodes
connected to TFT’s (thin film transistors, not shown) are
formed on one of the glass substrates 2, and a counter
electrode is formed on the other glass substrate 3. Uneven
portions 4 are formed in alternation on the pixel electrodes
and on the counter electrode, respectively.

[0043] When a TFT is in the off state, that is, when no
voltage is applied, the liquid crystal molecules are aligned in
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the direction vertical to the substrate interface, as shown in
FIG. 1A. When the TFT is put into the on state, that is, when
a voltage is applied, the influence of the electric field causes
the liquid crystal molecules to be tilted towards the hori-
zontal direction, and due to the structures of the uneven
portions, the tilting direction of the liquid crystal molecules
1 is regulated. As a result, the liquid crystal molecules are
aligned in a plurality of directions within one pixel, as
shown in FIG. 1B. For example, when uneven portions 4 are
formed as shown in FIG. 2, liquid crystal molecules 1 are
aligned in each of the directions A, B, C and D. Thus in an
MVA-mode liquid crystal display device, with a TFT in the
on state, the liquid crystal molecules are aligned in a
plurality of directions, and satisfactory viewing-angle char-
acteristics are obtained.

[0044] 1In a liquid crystal display device according to the
present invention, a liquid crystal composition comprising
liquid crystal molecules and a polymerizable compound that
can be polymerized by ultraviolet rays or by a combination
of ultraviolet rays and heat is disposed between a pair of
substrates, and the polymerizable compound is polymerized,
forming a liquid crystal layer, during which ultraviolet rays
that do not contain wavelength components of not higher
than 313 nm, are irradiated. By this, it is possible to improve
the reliability of the liquid crystal display device, and a low
cost and a high production yield can be realized in the
production.

[0045] The results of investigation of the effect of ultra-
violet ray irradiation are shown in FIGS. 3 and 4. FIGS. 3
and 4 are the results of study of the effect of the wavelength
and intensity of ultraviolet rays on the voltage holding ratio
(VHR) (the ratio of the voltage obtained 16.7 ms after the
cease of a voltage application to the applied voltage), an
important indicator for the level of reliability. FIG. 3 shows
the results when ultraviolet rays in a 365 nm band were
irradiated for 1 mW (A(solid triangle)), 5 mW (@(solid
circle)), and 30 mW (M(solid square)), and FIG. 4 shows the
results when ultraviolet rays in a 313 nm band were irradi-
ated for 0.03 mW (@(solid circle)), 0.5 mW (+), and 1 mW
).

[0046] From FIGS. 3 and 4, it is understood that when the
ultraviolet rays in the 365 nm band were used for the present
invention, peaks in the VHR could be obtained in a shorter
time, by increasing the intensity. To compare, when the
ultraviolet rays in the 313 nm band were used for irradiation,
it was found that the VHR characteristic was greatly
degraded even for the intensity of about 1 mW, while the
intensity on the order of 0.03 mW posed no problem. In
other words, it was found that a liquid crystal display device
with excellent reliability can be realized by not irradiating
ultraviolet rays in the 313 nm band or below.

[0047] The ultraviolet ray irradiation according to the
present invention may be performed in a state with no
application of voltage to the liquid crystal molecules. How-
ever, ultraviolet ray irradiation with application of a voltage
to the liquid crystal molecules can contribute more to
realizing a liquid crystal display device having a high-speed
response. This is probably because the state in which a
voltage is applied, can quickly come about in the display
operation, due to the polymer that was formed while a
voltage was applied.

[0048] Tt was found that even when the polymerizable
compound according to the present invention was used,
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adsorption of the polymerizable compound to the liquid
crystal layer contacting surface occurred during the filling of
the liquid crystal composition into the space of the sub-
strates, generating display unevenness. These display
unevenness caused by the filling appear as display uneven-
ness along the direction of flow of the liquid crystal com-
position, in a system in which the liquid crystal composition
is filled from one side of the space between the substrates,
and appear as display unevenness in a ring shape, in a system
in which the liquid crystal composition is injected dropwise
onto the surface of a substrate, followed by bonding the
substrate with another substrate.

[0049] As a result of investigations, it was found that the
problem of the above-described unevenness in adsorption
can be prevented by selecting the structure of the liquid
crystal layer contacting surface and the constitution of the
liquid crystal composition, so that when the liquid crystal
composition is disposed between the substrates, the adsorp-
tion of a polymer formed by polymerization of the poly-
merizable compound to the liquid crystal layer contacting
surface occurs after the ultraviolet ray irradiation, while the
adsorption of the polymerizable compound to the liquid
crystal layer contacting surface is hard to occur prior to the
ultraviolet ray irradiation. It is also possible to utilize this
effect in a more positive way to fill a heated liquid crystal
composition into the space between the substrates for dis-
posing the liquid crystal composition between the substrates.
It is preferable from the viewpoint of improvement of
production and decrease in cost. The substrates may also be
heated. It is to be noted that this condition is effective both
in the system in which the liquid crystal composition is filled
from one side of the space between the substrates, as well as
in the system in which the liquid crystal composition is
injected dropwise onto the surface of a substrate, followed
by bonding the substrate with another substrate.

[0050] Ttis possible to know whether the condition that the
adsorption of the polymerizable compound to the liquid
crystal layer contacting surface is hard to occur prior to the
ultraviolet ray irradiation, and the adsorption of a polymer
formed by polymerization of the polymerizable compound
to the liquid crystal layer contacting surface occurs after the
ultraviolet ray irradiation, is satisfied, by observing the
liquid crystal layer in a cross-Nicol arrangement. The fol-
lowing explanation will be made, using a case in which
vertical alignment is realized, as an example. When a liquid
crystal layer is observed in a cross-Nicol arrangement, light
is transmitted, because the liquid crystal molecules are
horizontally aligned in a random way, before ultraviolet ray
irradiation. On the other hand, after the ultraviolet ray
irradiation, the polymerization reaction proceeds, and the
occurrence of the vertical alignment of the liquid crystal
molecules can be seen through the fact that light is not
transmitted. The phrase “after ultraviolet ray irradiation”
may mean just after the ultraviolet ray irradiation, or may
mean after one or more other treatments such as a heat
treatment that follows the ultraviolet ray irradiation.

[0051] For the structure of the liquid crystal layer contact-
ing surface for the purpose of realizing a condition that the
adsorption of a polymer formed by polymerization of the
polymerizable compound to the liquid crystal layer contact-
ing surface occurs after the ultraviolet ray irradiation, while
the adsorption of the polymerizable compound to the liquid
crystal layer contacting surface is hard to occur prior to the
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ultraviolet ray irradiation, it is effective to appropriately
select the degree of hydrophilicity. An appropriate degree of
hydrophilicity can be selected by experiments.

[0052] Furthermore, it is also useful to dispose a resin film
and use the surface as the liquid crystal layer contacting
surface, for the purpose of realizing a condition that when
the liquid crystal composition is disposed between the
substrates, the adsorption of the polymerizable compound to
the liquid crystal layer contacting surface is hard to occur
prior to the ultraviolet ray irradiation, and the adsorption of
a polymer formed by polymerization of the polymerizable
compound to the liquid crystal layer contacting surface
occurs after the ultraviolet ray irradiation. For such a resin
film, it is effective to appropriately select the degree of
hydrophilicity of the resin film. Generally speaking, it is
preferable that the surface tension is not less than 42
dyne/cm. Specifically, such a resin film may be appropri-
ately selected from known organic or inorganic resin films.
Films of a polyimide resin, novolak resin, and silane resin
are examples.

[0053] For the constitution of a liquid crystal composition
for the purpose of realizing a condition that when the liquid
crystal composition is disposed between the substrates, the
adsorption of the polymerizable compound to the liquid
crystal layer contacting surface is hard to occur prior to the
ultraviolet ray irradiation, and the adsorption of a polymer
formed by polymerization of the polymerizable compound
to the liquid crystal layer contacting surface occurs after the
ultraviolet ray irradiation, it is effective to select a suitable
composition for the polymerizable compound.

[0054] In general, a polymerizable compound according to
the present invention is a compound that can form a polymer
that exhibits a property of being able to regulate the tilting
direction of liquid crystal molecules. It may be a monomer,
oligomer or polymer. It may be composed of a single
component or a plurality of components. In general, a
polymerizable compound consisting of or comprising cross-
linkable components is preferable. Examples of cross-link-
able components are those having, in a molecule, a plurality
of acrylate groups, methacrylate groups, epoxy groups, vinyl
groups, allyl groups, and/or other polymerizable functional
groups, and having a structural component capable of poly-
merizing with other molecules through the action of ultra-
violet ray irradiation and/or heat.

[0055] When a plurality of polymerizable compounds are
used as the “polymerizable compound” according to the
present invention, it is sufficient if the plurality of polymer-
izable compounds exhibit, as a whole, a property of being
capable of regulating the tilting direction of liquid crystal
molecules. The property of being capable of regulating the
tilting direction of liquid crystal molecules is not required
for each of the compounds. Whether the tilting direction of
liquid crystal molecules can be regulated or not, is easily
confirmed by actually disposing a liquid crystal composition
comprising liquid crystal molecules and a polymerizable
compound between two substrates, followed by testing with
ultraviolet ray irradiation.

[0056] Heat may be applied in the polymerization together
with ultraviolet rays. It is considered that the polymer
formed by the polymerization is adhered to the liquid crystal
layer contacting surface, and the tilting direction of the
liquid crystal molecules is regulated by the polymer.
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[0057] The composition of polymerizable compound for
the purpose of realizing a condition that the adsorption of the
polymerizable compound to the liquid crystal layer contact-
ing surface is hard to occur prior to the ultraviolet ray
irradiation, and the adsorption of a polymer formed by
polymerization of the polymerizable compound to the liquid
crystal layer contacting surface occurs after the ultraviolet
ray irradiation, may be appropriately selected by experi-
ments. In general, a mixture of a monofunctional monomer
and a bifunctional monomer is preferable for the compound.
It is more preferable to use a mixture with a higher molar
concentration of the monofunctional monomer than that of
the bifunctional monomer. By selecting such conditions, it is
possible to fill the liquid crystal composition, while restrain-
ing the adsorption of the polymerizable compound to the
substrate surface, and accordingly, fluctuation of the mixing
ratio of the polymerizable compound to the liquid crystal
can be prevented all over the surface of the panel, and the
fluctuation of display characteristics in the liquid crystal
panel surface is improved, even if the liquid crystal panel is
large.

[0058] The liquid crystal composition according to the
present invention contains liquid crystal molecules and the
above-described polymerizable compound. It is to be noted
that the liquid crystal composition may contain, besides
these, a polymerization accelerator for accelerating the poly-
merization caused by ultraviolet ray irradiation and/or heat-
ing.

[0059] As examples for the embodiment of the present
invention, the result (FIG. 5A) of filling a liquid crystal
mixed with a mixture of a monofunctional monomer and a
bifunctional monomer, while heating them at 60° C., into a
blank panel formed by bonding a pair of substrates together,
and the result (FIG. 5B) of a heat treatment after the filling
at 90° C. (the NI point of the liquid crystal (transition
temperature between a nematic liquid crystal phase and an
isotropic phase)+20° C.) for 30 minutes are shown. The heat
treatment after the filling was for the purpose of alleviating
the effect of the flow of the liquid crystal composition at the
filling. Both FIGS. 5A and 5B are pictures taken at the
observation in a cross-Nicol arrangement using polarizing
plates. The pictures show that the liquid crystal was hori-
zontally aligned, the adsorption of the monomers did not
occur, and light was transmitted through panel.

[0060] Polarization of light occurred by irradiating this
liquid crystal panel with ultraviolet rays (see FIG. 6A). This
is because the polymer formed by polymerization of the
polymerizable compound caused by ultraviolet ray irradia-
tion, was adsorbed onto the liquid crystal layer contacting
surface, and the liquid crystal molecules were regulated by
the polymer to be vertically aligned. In addition, more
uniform light polarization came about, by performing a heat
treatment at 90° C. for 30 minutes, after the ultraviolet ray
irradiation (see FIG. 6B). This is because the alignment was
made more uniform. It is understood from this that a heat
treatment after ultraviolet ray irradiation serves for the
uniformization of the alignment. In addition, a second
ultraviolet ray irradiation may be conducted after the heat
treatment. If, in this case, the second ultraviolet ray irradia-
tion is conducted under the condition of a voltage applica-
tion, the alignment of liquid crystal molecules can be further
regulated, and accordingly, the response speed is improved.
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It is preferable that the ultraviolet rays used for the second
irradiation do not contain the wavelength components not
higher than 313 nm.

[0061] It was found that in the present invention, if the
above-described conditions, particularly the liquid crystal
composition, are appropriately selected, the liquid crystal
molecules are sufficiently aligned without using an align-
ment layer, so that an excellent display performance (high
VHR, high response speed, etc.) can be realized, which is
better than that of a liquid crystal panel manufactured by the
conventional manufacturing process in which the alignment
layers are formed by printing or the like. By this, cost
reduction (material costs and facility costs) and the improve-
ment in the production yield can be realized, and further-
more, a liquid crystal display device having an excellent
motion picture display quality can be realized.

[0062] FIG. 7 shows a slit pattern of an ITO electrode of
a liquid crystal panel manufactured by forming a blank
panel, blending a liquid crystal having a negative dielectric
constant anisotropy with a monofunctional acrylate mono-
mer and a bifunctional acrylate monomer at a molar ratio of
10:1, and in an amount of 2% by weight per the liquid
crystal, further adding a polymerization initiator, filling the
liquid crystal composition thus formed into the space of
substrates by the dropping injection method (or one drop
filling method), and then performing irradiation with ultra-
violet rays that do not contain the wavelength components
not higher than 313 nm. No alignment layer was used. FIG.
7 shows two pixels. In FIG. 7, numeral 71 represents the
ITO electrode, numeral 72, the slits, and numeral 73, a
circuit section. The longer side of the pixel was about 300

um long.

[0063] FIGS. 8A to 8C show the results of observation of
a liquid crystal panel under this condition in a cross-Nicol
arrangement. It is understood that the panel indicated no
vertical alignment after the filling of a liquid crystal com-
position (FIG. 8A). After the ultraviolet ray irradiation,
there was not a complete vertical alignment occurred yet
(FIG. 8B). Complete vertical alignment occurred by the heat
treatment performed afterward (FIG. 8C). It is to be noted
that numeral 81 in FIGS. 8A, B and C represents a trans-
parent electrode (1 cm square) installed for the testing in
which a multitude of electrode structures as shown in FIG.
7 were formed. It was confirmed from the observation of
alignment in black and white displays (FIG. 9), that a
uniform vertical alignment was shown, and a multi-domain,
wide-viewing-angle liquid crystal panel was realized.

[0064] Furthermore, FIG. 10 shows response characteris-
tics when irradiation was performed with ultraviolet rays
that did not contain wavelength components not higher than
313 nm, and with a voltage application, for the above-
described liquid crystal panel structure. It shows the rela-
tionship between the brightness when black is normalized to
0 (zero). and white is normalized to 100, and the response
speed (time (millisecond) to reach a specific voltage from 0
V). In any of the cases, after the ultraviolet ray irradiation,
a heat treatment was conducted, followed by another round
of ultraviolet ray irradiation. Mark 4 (solid diamond) rep-
resents a condition wherein a polymerization initiator was
used, and no voltage was applied in the second ultraviolet
ray irradiation treatment, mark M (solid square) represents a
condition wherein no polymerization initiator was used, and
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a voltage of 20 V was applied in the second ultraviolet ray
irradiation treatment, mark A (solid triangle) represents a
condition wherein a polymerization initiator was used, and
a voltage of 20 V was applied in the second ultraviolet ray
irradiation treatment, and mark X represents a condition
wherein a polymerization initiator was used, a voltage of 20
V was applied in the second ultraviolet ray irradiation
treatment, and a resin film according to the present invention
was used in addition. A polyimide resin was used for the
resin film.

[0065] From these results, it is understood that a high
response speed was obtained for the liquid crystal panels for
which ultraviolet rays were irradiated in a voltage applica-
tion state (DC 20 V), compared with the panels for which no
voltage was applied. Similar effect of voltage application
can be obtained if a voltage is applied during the first
ultraviolet ray application treatment.

[0066] The reason is considered to be that the structure of
the polymer was transformed according to the alignment
direction of liquid crystal molecules, by irradiating ultravio-
let rays in a state in which a voltage was applied to the pixel
electrodes to regulate the alignment direction of the liquid
crystal molecules, giving the liquid crystal molecules pretilt-
ing angles in the alignment directions.

[0067] Regarding the presence/absence of the polymeriza-
tion initiator, those without the polymerization initiator
showed a higher response speed. The reason is considered to
be that when the polymerization initiator was absent, the
polymerization velocity was smaller, and accordingly, a film
with a higher degree of polymerization was formed. It was
found that when the same composition was used for the
polymerizable compound, the resin film according to the
present invention contributed to a higher response.

[0068] In addition, it was found as a result of the above-
described investigations that the switching characteristics
(voltage-transmission characteristics) of liquid crystal mol-
ecules can be changed by the compositional conditions of
the polymerizable compound, ultraviolet ray irradiation con-
ditions, voltage application conditions, heat treatment con-
ditions, resin film formation conditions according to the
present invention, etc., as shown in FIGS. 11 and 12 that
will be described later. Therefore, if different switching
characteristics (voltage-transmission characteristics) of lig-
uid crystal molecules are realized within one pixel by
utilizing this, it is possible, for example, to realize an
optimum switching characteristic for each subpixel for color
displaying, and to realize a liquid crystal display device
having high display quality with a smaller viewing angle
dependency of chromatic characteristics. Hereupon, the
phrase “different switching characteristics within one pixel”
includes a case where there are different characteristics
within one subpixel, as well as a case where each subpixel
has a different characteristic.

[0069] As described above, the liquid crystal display
device according to the present invention can be manufac-
tured at a low cost and a high production yield, and it is
possible to realize a liquid crystal display device having a
wide viewing angle, little viewing angle dependency, and a
high response speed. Furthermore, since it is possible to
form a liquid crystal panel without installing alignment
layers in some cases, it will be easier to accommodate the
need for jumboization of liquid crystal panels.
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EXAMPLES

[0070] Next, the present invention will be explained in
detail in reference to the following examples.

Example 1

[0071] As a slit pattern of an electrode according to the
present invention, those in FIG. 13 are examples. The letters
a to h in FIG. 13 show patterns each for one pixel. The
optical characteristics of a liquid crystal panel manufac-
tured, using the electrode structure shown in letter f of FIG.
13 are shown in FIG. 14.

[0072] In FIG. 14, (1) is a case for a liquid crystal panel
under conditions of the molar ratio being 10:1, a polymer-
ization initiator being absent, and a resin film according to
the present invention being absent; (2) is a case for a liquid
crystal panel under conditions of the molar ratio being 15:1,
a polymerization initiator being present, and a resin film
according to the present invention being absent; (3) is a case
for a liquid crystal panel under conditions of the molar ratio
being 10:1, a polymerization initiator being present, and a
resin film according to the present invention being absent;
(4) is a case for a liquid crystal panel under conditions of the
molar ratio being 10:1, a polymerization initiator being
present, and a resin film according to the present invention
being present (a polyimide resin was used for the resin film),
and (5) is a case for a usual MVA-mode liquid crystal panel
for comparison. In (5), the electrode structure having a
protrusion pattern shown in FIG. 2 was used.

[0073] After the formation of blank panels, the following
treatments were performed regarding cases (1) to (4): a
liquid crystal having a negative dielectric constant anisot-
ropy was blended with a monofunctional acrylate monomer
and a bifunctional acrylate monomer at a molar ratio of 10:1
or 15:1, the monomers being in an amount of 2% by weight
per the liquid crystal; the mixtures thus formed were filled
between pairs of substrates by the dropping injection
method; subjected to a first irradiation with ultraviolet rays
that did not contain wavelength components not higher than
313 nm; subjected to a heat treatment at 90° C., a tempera-
ture that was not less than the NI point of the liquid crystal,
for 30 minutes; and then subjected to a second irradiation
with ultraviolet rays that did not contain wavelength com-
ponents not higher than 313 nm, with a voltage application.
In this example, DC 20 V was applied. A rectangular AC
voltage may be applied, instead. It is suflicient if the applied
voltage is not less than the threshold voltage of the liquid
crystal. A voltage not less than the voltage for the white
display is preferable since it furnishes a larger pretilting
angle and a higher response speed.

[0074] From the results of the response characteristics
shown in FIG. 14, it is understood that the liquid crystal
panels according to the present invention showed higher
response speeds than the standard MVA-mode liquid crystal
panel (5) having the same cell thickness in which usual
vertical aligning control films were used. It is to be noted
that those without a polymerization initiator had higher
response speeds. It is also understood from the comparison
of cases under the same polymerization condition (all having
a polymerization initiator) that a case in which a resin film
had been formed on the surface of the substrate beforehand
showed a higher response speed.
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Example 2

[0075] FIGS. 11 and 12 show the voltage-transmission
characteristics of liquid crystal panels under conditions (3)
and (4) described in EXAMPLE 1. In FIGS. 11 an 12, the
phrase “UV15, UV40DC” means that the first ultraviolet ray
irradiation was performed for the duration of 15 minutes,
and the second ultraviolet ray irradiation was performed for
the duration of 40 minutes under a voltage application of DC
10 V; the phrase “UV30, UV40DC” means that the first
ultraviolet ray irradiation was performed for the duration of
30 minutes, and the second ultraviolet ray irradiation was
performed for the duration of 40 minutes under a voltage
application of DC 10 V; the phrase “UV60, UV40DC”
means that the first ultraviolet ray irradiation was performed
for the duration of 60 minutes, and the second ultraviolet ray
irradiation was performed for the duration of 40 minutes
under a voltage application of DC 10 V; the phrase “UV15,
UV40” means that the first ultraviolet ray irradiation was
performed for the duration of 15 minutes, and the second
ultraviolet ray irradiation was performed for the duration of
40 minutes without a voltage application; the phrase “UV30,
UV40” means that the first ultraviolet ray irradiation was
performed for the duration of 30 minutes, and the second
ultraviolet ray irradiation was performed for the duration of
40 minutes without a voltage application; and the phrase
“UV60, UV40” means that the first ultraviolet ray irradia-
tion was performed for the duration of 60 minutes, and the
second ultraviolet ray irradiation was performed for the
duration of 40 minutes without a voltage application.

[0076] From FIGS. 11 and 12, it is understood that it is
possible to change the voltage-transmission characteristics,
by changing ultraviolet ray irradiation conditions. It was
also confirmed that it is possible to change the voltage-
transmission characteristics, by changing voltage applica-
tion conditions. From the comparison of FIGS. 11 and 12,
it is also understood that the threshold voltage can also be
changed greatly, by forming a resin film according to the
present invention on the substrate surface beforehand. It is
to be noted that the term “threshold voltage” means the
voltage at which a liquid crystal starts to transmit light, and
the voltage when the transmittance is 10% of the saturated
transmittance is used as the threshold voltage in the present
invention.

[0077] The reason that the threshold voltage can be
changed greatly is that the pretilting angle of a liquid crystal
is dependent on the process parameters including the com-
positional conditions of the polymerizable compound, the
ultraviolet ray irradiation conditions, the voltage application
conditions, heat treatment conditions, and film formation
conditions of the resin film according to the present inven-
tion. This means that the pretilting angle can be controlled
by changing these parameters.

[0078] Tt was possible to realize a liquid crystal display
device having high display quality with very little color drift
and with little viewing angle dependency of color charac-
teristics, by utilizing this behavior, that is, by varying the
switching characteristics of liquid crystal molecules (volt-
age-transmittance characteristics) within one pixel (or
within one subpixel), through selection of the kind and/or
combination of polymerizable compounds for use, ultravio-
let ray irradiation conditions, voltage application conditions,
resin film formation conditions, or the like. As the resin film
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formation conditions, adjusting the surface tension of the
resin film, and forming the resin film partly, for example as
a pattern, on the liquid crystal layer contacting surface but
not wholly on the surface, are examples.

Example 3

[0079] The conditions for (1) of EXAMPLE 1 were
adopted, except that a visible light-curable sealant was used
as a sealant for the bonding and sealing works for the liquid
crystal panel, instead of a conventional UV-curable sealant.
Employing this condition will enhance the freedom in the
production, since there will be no problem of curing of the
liquid crystal composition during the curing of the sealant.
A TFT-driven liquid crystal display device having a wide
viewing angle and a high response speed was realized.

Example 4

[0080] A liquid crystal having a negative dielectric con-
stant anisotropy was blended with a monofunctional acrylate
monomer and a bifunctional acrylate monomer at a molar
ratio of 10:1, the monomers being in an amount of 2% by
weight per the liquid crystal. The liquid crystal composition
thus formed was filled into a TFT-driven liquid crystal panel
in vacuo from the side, subjected to irradiation with ultra-
violet rays that did not contain wavelength components not
higher than 313 nm, with the pixel voltage driven by the TFT
being increased, starting at 0 V, and then subjected to a heat
treatment at 90° C. for 30 minutes. A TFT-driven liquid
crystal display device having a wide viewing angle and a
high response speed was realized. The reason of increasing
the pixel voltage from 0V, instead of applying the required
voltage quickly is that in some cases, the alignment of liquid
crystal molecules is disturbed by a quick voltage applica-
tion.

Example 5

[0081] Blank panels were prepared that were composed of
a substrate (TFT-side substrate) on which TFT’s by the
lateral electric field driving system were implemented, and
a counter substrate (CF-side substrate) on the surface of
which nothing was installed or on the CF (color filter) of
which a resin film according to the present invention was
formed. In the lateral electric field driving system, electrodes
for controlling the electric field are formed only on one of
the surface of substrates that face each other. A liquid crystal
having a negative dielectric constant anisotropy was blended
with a monofunctional acrylate monomer and a bifunctional
acrylate monomer at a molar ratio of 10:1, the monomers
being in an amount of 2% by weight per the liquid crystal.
A polymerization initiator was further added to form a liquid
crystal composition. The liquid crystal composition thus
formed was filled into the liquid crystal panels in vacuo from
the side, and the liquid crystal panel was subjected to the first
irradiation with ultraviolet rays that did not contain wave-
length components not higher than 313 nm, subjected to a
heat treatment at 90° C. for 30 minutes, and then subjected
to the second irradiation through the TFT-side substrates
with ultraviolet rays that did not contain wavelength com-
ponents not higher than 313 nm, with the pixel voltage
driven by the TFT’s being increased, starting at 0 V. In both
cases, TFT-driven liquid crystal display devices having a
wide viewing angle and a high response speed were realized.
The second ultraviolet irradiation may be conducted through
the CF-side substrates.
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Example 6

[0082] Blank panels were prepared that were composed of
a TFT-side substrate with TFT’s by the lateral electric field
driving system, and a counter, CF-side substrate on the
surface of which nothing was installed or on the CF of which
a resin film according to the present invention was formed.
A liquid crystal having a positive dielectric constant anisot-
ropy was blended with a monofunctional acrylate monomer
and a bifunctional acrylate monomer at a molar ratio of 10:1,
the monomers being in an amount of 2% by weight per the
liquid crystal. A polymerization initiator was further added
to form a liquid crystal composition. The composition thus
formed was filled into the liquid crystal panels in vacuo from
the side, and the liquid crystal panels were subjected to the
first irradiation with ultraviolet rays that did not contain
wavelength components not higher than 313 nm, subjected
to a heat treatment at 90° C. for 30 minutes, and then
subjected to the second irradiation through the TFT-side
substrates with ultraviolet rays that did not contain wave-
length components not higher than 313 nm, with a voltage
application driven by the TFT’s. In both cases, liquid crystal
panels (VA-IPS mode) having a wide viewing angle and a
high response speed were prepared at a low cost.

Example 7

[0083] A liquid crystal having a negative dielectric con-
stant anisotropy was blended with a monofunctional acrylate
monomer and a bifunctional acrylate oligomer at a molar
ratio of 10:1, the monomers being in an amount of 2% by
weight per the liquid crystal. A polymerization initiator was
further added to form a liquid crystal composition. The
composition thus formed was filled into a liquid crystal
panel by the dropping injection method. After a TFT-driven
liquid crystal panel was formed, it was subjected to the first
irradiation through the TFT-side substrate with ultraviolet
rays that did not contain wavelength components not higher
than 313 nm, subjected to a heat treatment at 90° C. for 30
minutes, and then subjected to the second irradiation
through the TFT-side substrate with ultraviolet rays that did
not contain wavelength components not higher than 313 nm,
with a voltage application driven by the TFT. Aliquid crystal
panel (MVA-mode) having a wide viewing angle and a high
response speed was prepared at a low cost.

What is claimed is:
1. A liquid crystal display device, wherein:

a liquid crystal composition comprising liquid crystal
molecules and a polymerizable compound that can be
polymerized by ultraviolet rays or by a combination of
ultraviolet rays and heat is disposed between a pair of
substrates;

said polymerizable compound is polymerized, forming a
liquid crystal layer, by an operation comprising irra-
diation of ultraviolet rays that do not contain wave-
length components of not higher than 313 nm; and

protrusions, recessions, or protrusions and recessions are
installed on a liquid crystal layer contacting surface; or

a slit pattern is installed in an electrode; or

protrusions, recessions, or protrusions and recessions are
installed on the liquid crystal layer contacting surface,
and a slit pattern is installed in the electrode.
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2. A liquid crystal display device according to claim 1,
wherein a voltage is applied to said liquid crystal molecules
at the time of said ultraviolet ray irradiation.

3. A liquid crystal display device according to claim 1,
wherein the structure of said liquid crystal layer contacting
surface and the constitution of said liquid crystal composi-
tion are selected, so that when said liquid crystal composi-
tion is disposed between said substrates, the adsorption of a
polymer formed by polymerization of the polymerizable
compound to said liquid crystal layer contacting surface
occurs after said ultraviolet ray irradiation, while the adsorp-
tion of the polymerizable compound to said liquid crystal
layer contacting surface is hard to occur prior to said
ultraviolet ray irradiation.

4. A liquid crystal display device according to claim 3,
wherein a resin film is disposed, and the surface is used as
said liquid crystal layer contacting surface, so that when said
liquid crystal composition is disposed between said sub-
strates, the adsorption of a polymer formed by polymeriza-
tion of the polymerizable compound to said liquid crystal
layer contacting surface easily occurs after said ultraviolet
ray irradiation, while the adsorption of the polymerizable
compound to said liquid crystal layer contacting surface is
hard to occur prior to said ultraviolet ray irradiation.

5. A liquid crystal display device according to claim 3,
wherein said liquid crystal composition is filled into the
space between said substrates in a heated state, when dis-
posing said liquid crystal composition between said sub-
strates.

6. A liquid crystal display device according to claim 1,
wherein a mixture of a monofunctional monomer and
bifunctional monomer is used as said polymerizable com-
pound.

7. A liquid crystal display device according to claim 6,
wherein a mixture in which the molar concentration of said
monofunctional monomer is higher than that of said bifunc-
tional monomer, is used.

8. A liquid crystal display device according to claim 1,
wherein said operation including the ultraviolet ray irradia-
tion, includes ultraviolet ray irradiation and a heat treatment
thereafter.

9. A liquid crystal display device according to claim 8,
wherein said operation including the ultraviolet ray irradia-
tion, includes a second ultraviolet ray irradiation after said
heat treatment.

10. A liquid crystal display device according to claim 1,
wherein said liquid crystal molecules have different switch-
ing characteristics (voltage-transmittance characteristics)
within one pixel.

11. A liquid crystal display device according to claim 10,
wherein at least one condition selected from the group
consisting of compositional conditions of said polymeriz-
able compound, ultraviolet ray irradiation conditions, volt-
age application conditions, heat treatment conditions, and
formation conditions of a resin film according to the present
invention, is changed within one pixel.

12. A liquid crystal display device according to claim 1,

wherein said liquid crystal molecules have a negative dielec-
tric constant anisotropy.
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