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LIQUID CRYSTAL DISPLAY ELEMENT,
OPTICALLY ANISOTROPIC FILM, AND
PRODUCTION METHODS OF THE SAME

This application is a division of application Ser. No.
10/110,409 filed Apr. 12, 2002 now U.S. Pat. No. 6,982,774,
now allowed, which is a national stage entry of International
Application No. PCT/IB00/01458 filed Oct. 12, 2000 des-
ignating the U.S., which claims the benefit of Japanese
Applications No. 11-289581 filed Oct. 12, 1999 and 2000-
171886 filed Jun. 8, 2000.

TECHNICAL FIELD

The present invention relates to a liquid crystal display
element and a method of producing the same and to an
optically anisotropic film and a method of producing the
same, the aforesaid for a liquid crystal display panel used in
a flat panel display that displays, for example, TV or
computer images.

BACKGROUND ART

Among conventional liquid crystal display elements, a
twisted nematic (TN) mode liquid crystal display element
(LCD) that uses a liquid crystal having a positive dielectric
anisotropy, for example, has been put into practical use. This
TN mode LCD is driven by applying an electric field in a
direction perpendicular to the substrate surfaces to change
the orientation of the liquid crystal molecules such that their
long axes are parallel to the direction of the electric field.

In recent years, along with improvement in definition,
progress has been made in reducing the size of pixels.
However, with reduction in the size of pixels, the influence
of a transverse electric field generated during voltage appli-
cation between bus lines (electrode wiring) in the vicinity of
the edges of the pixel electrodes has become a problem. In
a conventional LCD, while it is common, for preventing
coloration, to orient the liquid crystal molecules at a low
pretilt angle using a common orientation film, this makes
pixels susceptible to the influence of a transverse electric
field from adjacent pixels, thereby inviting alignment
defects such as reverse tilt. Alignment defects are particu-
larly noticeable in the perimeter portions of pixel regions,
and these alignment defects bring about disclination at the
boundaries between the perimeter portions and regions other
than the perimeter portions. Thus, in a conventional TN
mode LCD, the problem of degradation in display charac-
teristics, such as a decrease in contrast and the like, results.

In order to prevent reverse tilt caused by the transverse
electric field from other pixels, the polar anchoring energy of
all regions of the pixels has been increased. However, the
influence of the transverse electric field in pixel regions
other than the perimeter portions is small, and when the
polar anchoring energy is large in these regions, coloration
arises.

Transverse electric field-driven liquid crystal display ele-
ments provided with counter electrodes on a substrate sur-
face have also been developed.

For example, in order to obtain a wide-viewing angle,
in-plane switching (IPS) mode LCDs, which switch the
liquid crystal molecules in a direction within the plane of the
substrates by applying a so-called transverse electric field in
a direction parallel to the substrate surfaces, have been
developed. In the area above the electrodes in IPS mode
LCDs, a transverse electric field is not generated, but rather
an electric field is generated in a direction perpendicular to
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the substrate surfaces. For this reason, the alignment state of
liquid crystal above the electrodes cannot be changed. When
an electric field is applied in an IPS mode LCD, the liquid
crystal layer comes to have both a region in which molecules
transition to a new alignment state and a region in which
molecules remain in the initial orientation state. As a result,
the alignment state of the liquid crystal deteriorates, espe-
cially around the boundaries of these regions. Thus, IPS
mode LCDs are disadvantageous in that response speed is
even slower than that of conventional vertical electric field
mode LCDs.

In addition, in IPS mode LCDs, orientation films having
the same anchoring energy are provided on opposing sub-
strates. In such an LCD, liquid crystal molecules above the
substrate having electrodes on its surface rotate to at most
approximately 90° when driving is ON. On the other hand,
liquid crystal molecules above the substrate without elec-
trodes on its surface hardly rotate. Thus, sticking (phenom-
enon wherein liquid crystal molecules to not return to the
initial orientation state when driving is switched from ON to
OFF) occurs, resulting in degradation in the visual charac-
teristics of the liquid crystal display element.

As is described above, liquid crystal display elements
operated in twisted nematic (TN) mode, which use a liquid
crystal having a positive dielectric anisotropy, those oper-
ated in IPS mode, which have a very wide viewing angle and
whose the liquid crystal molecules are driven within a plane
using transverse electric field, and the like have been put into
practical use.

In contrast to these, a bend alignment-type liquid crystal
display element has been proposed which utilizes a change
in refractive index caused by the change in the rise angle of
each liquid crystal molecule in a state wherein the liquid
crystal molecules between the substrates show a bend align-
ment (OCB mode liquid crystal display element). Compared
to the speed of the change in alignment between an ON state
and an OFF state in a TN liquid crystal display element, the
speed of change in alignment of each of liquid crystal
molecules showing a bend alignment between an ON state
and an OFF state is very high, making it possible to obtain
a liquid crystal display element with an excellent response.
The bend alignment-type liquid crystal display element
described above is self-compensating in terms of optical
retardation because all of the liquid crystal molecules
between the upper and lower substrates show bend align-
ment, and the display element enables a wide viewing angle
at low-voltage operation due to a film retardation plate that
compensates for retardation.

The liquid crystal display element described above is
usually fabricated so that the liquid crystal of the liquid
crystal layer shows a splay alignment when voltage is not
being applied. Therefore, in order to utilize the bend align-
ment to change the refractive index, it is necessary to
uniformly transition the entire display portion from a splay
alignment state to a bend alignment state. The transition to
a bend alignment proceeds with transition seeds as the
center. The location of transition seed generation is not
regular, appearing, for example, at orientation irregularities
or damaged areas of the orientation film interface. Because
the location of transition seed generation is not fixed, display
defects tend to arise. Therefore, it is very important to
uniformly transition the entire display portion from a splay
alignment to a bend alignment before use.

In addition, although a high driving voltage is needed to
transition from a splay alignment state to a bend alignment
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state, it is difficult to easily bring about this transition in
alignment state because the driving voltage is generally
limited.

Furthermore, the perimeter portion of the display region
of a liquid crystal display element does not contribute to
liquid crystal display. Thus, it is not necessary to inject
liquid crystal into the perimeter portion of the display
region. However, in conventional liquid crystal display
elements, liquid crystal injected into the perimeter portion of
the display region is wasted, as it is difficult to inject the
liquid crystal without also injecting the liquid crystal into the
perimeter portion of the display region.

Finally, use of orientation films having more than one
liquid crystal orientation has been proposed in order to
improve the display characteristics of liquid crystal display
elements. However, further improvement in display charac-
teristics is needed beyond what has been realized by such
methods.

DISCLOSURE OF THE INVENTION

All of the embodiments are based on the same or similar
concepts. However because each of the embodiments has
been realized by different examples, the embodiments have
been divided into a first invention group, a second invention
group, etc. by grouping together those embodiments that are
closely related. In the following, the details of each section
(invention group) are described in order.

(1) The First Invention Group

In order to achieve the first object, the first invention
group provides a liquid crystal display element comprising
a liquid crystal sandwiched between two opposed substrates
each having an orientation film, wherein the two orientation
films comprise molecules having a photosensitive group and
having different orientation anisotropies from one another,
the molecules having been irradiated with polarized light,
and wherein a pretilt angle of liquid crystal molecules
corresponding to the orientation anisotropy of the orienta-
tion film provided on an inner side of one of the opposed
substrates differs from a pretilt angle of liquid crystal
molecules corresponding to the orientation anisotropy of the
orientation film provided on an inner side of the other
opposed substrate.

This construction makes is possible, by irradiating orien-
tation films of a liquid crystal display element with polarized
ultraviolet light, to easily provide orientation films that can
induce a pretilt angle in liquid crystal molecules for various
modes of the liquid crystal display.

With this construction, the polarized light irradiation may
be such that the molecules having photosensitive groups, for
example, are irradiated with polarized light of different
irradiation intensity.

The molecules may also be irradiated with polarized light
applied at different angles to the substrates.

In addition, one of the opposed substrates may have
opposed electrodes on a surface thereof, and the pretilt angle
of the liquid crystal molecules corresponding to the orien-
tation anisotropy of the orientation film provided on the
inner side of the one opposed substrate may be greater than
the pretilt angle of the liquid crystal molecules correspond-
ing to the orientation anisotropy of the orientation film
provided on the inner side of the other opposed substrate.

With this construction, an electric field above the elec-
trodes orients liquid crystal molecules to a specified pretilt
angle when driving is ON in, for example, an IPS mode
liquid crystal display element. Response speed is thus
improved by orienting liquid crystal molecules above the
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substrate having the electrodes to somewhat of a pretilt
angle even when driving is OFF.

The liquid crystal display elements described above may
be produced by, for example, forming thin films on a pair of
substrates using molecules having at least a photosensitive
group; carrying out an orientation treatment by irradiating
one of the thin films and the other of the thin films with
polarized light under different irradiation conditions so that
the orientation anisotropy of the one thin film and that of the
other thin film are made different; forming a sealing material
on either of the substrates in a frame shape excluding a
portion for a liquid crystal injection port; and adhering the
substrates together.

This construction makes it possible to simply obtain
orientation films that induce different pretilt angles by
irradiating the one of the thin films and the other of the thin
films with polarized light under different irradiation condi-
tions.

It is possible, for example, that the irradiation be such that
the one of the thin films and the other of the thin films are
irradiated with polarized light of different irradiation inten-
sity.

It is also possible that the irradiation be such that the one
of the thin films and the other of the thin films are irradiated
with polarized light having parallel planes of polarization
and different angles of incidence with respect to surfaces of
the substrates.

In addition, one of the opposed substrates may have
opposed electrodes on a surface thereof, and the orientation
treatment may be carried out under orientation conditions
such that a pretilt angle of liquid crystal molecules corre-
sponding to the orientation anisotropy of an orientation film
provided on an inner side of the one opposed substrate is
made greater than a pretilt angle of liquid crystal molecules
corresponding to the orientation anisotropy of an orientation
film provided on an inner side of the other opposed sub-
strate.

(2) The Second Invention Group

In order to achieve the second object, the second inven-
tion group provides a liquid crystal display element capable
of hybrid liquid crystal orientation.

In order to achieve the second object, there is provided a
liquid crystal display element comprising a liquid crystal
sandwiched between two opposed substrates each having an
orientation film, wherein at least one of the orientation films
comprises molecules having a photosensitive group and has
at least two regions with different orientation anisotropies,
the molecules having been irradiated with polarized light,
and wherein liquid crystal molecules have pretilt angles such
as to correspond to the orientation anisotropies of the
regions of the orientation film.

This construction makes it possible to control the pretilt
angle to a pretilt angle that can be consistently reproduced,
as pretilt angle is controlled by the irradiation of polarized
light. Because the at least two regions having different
orientation anisotropy are provided by irradiation with
polarized light, the production process is simplified and
contamination and the like of the orientation film by a
protective film is not a problem in comparison with rubbing
treatment.

It is possible that each region be provided by irradiation
of the molecules having a photosensitive group with polar-
ized light of differing irradiation intensities.

It is also possible that the at least two regions having
different orientation anisotropies be provided by irradiation
with polarized light applied at differing angles to the sub-
strates.
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In addition, while at least one of the orientation films
should be provided with at least two regions having different
orientation anisotropies, it is possible that an orientation film
provided with at least two regions having different orienta-
tion anisotropies be provided on an inner side of each of the
opposed substrates such that regions of the orientation films
having a same orientation are opposed to one another.

This construction makes is possible to provide a liquid
crystal display element excellent in terms of liquid crystal
orientation.

The liquid crystal display elements described above may
be produced by, for example, the following methods.

The liquid crystal display elements may be produced by
forming thin films on a pair of substrates using molecules
having at least a photosensitive group; carrying out an
orientation treatment by irradiating different areas of at least
one of the thin films with polarized light under different
irradiation conditions to form at least two regions having
different orientation anisotropies on the at least one of the
thin films; forming a sealing material on either of the
substrates in a frame shape excluding a portion for a liquid
crystal injection port; adhering the substrates together; and
injecting a liquid crystal between the substrates through the
liquid crystal injection port to form a liquid crystal layer.

This construction makes it possible to simply produce, for
various liquid crystal display modes of liquid crystal display
elements, orientation films having a plurality of orientation
anisotropies by using a shadow mask on the thin films on the
surfaces of the substrates.

It is possible, for example, that the irradiation be such that
different areas of at least one of the thin films be irradiated
with polarized light of different irradiation intensity.

It is also possible that the irradiation be such that different
areas of at least one of the thin films be irradiated with
polarized light having parallel planes of polarization and
different angles of incidence with respect to surfaces of the
substrates.

(2-1) Invention Group 2-1

In order to achieve the second object, invention group 2-1
provides a TN mode liquid crystal display device for pre-
venting the generation of disclination by transverse electric
fields and for suppressing a deterioration in contrast and the
like that is caused by this disclination.

In order to achieve this object, the present invention
provides a liquid crystal display element, wherein the liquid
crystal display element is a twisted nematic orientation
mode liquid crystal display element comprising a liquid
crystal layer with an initial orientation state in twisted
orientation mode provided between a pair of substrates; and
a transverse electric field suppressing region in which liquid
crystal molecules have been oriented at a higher pretilt angle
than are liquid crystal molecules in an inner region of each
pixel region is provided in a perimeter portion of each pixel
region in the liquid crystal layer.

In a conventional TN mode liquid crystal display element,
orientation abnormalities such as disclination arise due to
the influence of a transverse electric field in the perimeter
portion of each pixel region, and this is a cause of the
generation of disclination at boundaries between the perim-
eter portions and portions of the pixel regions other than the
perimeter portions. Generation of disclination such as this
caused by a transverse electric field (hereinafter referred to
as transverse electric field disclination) invites deterioration
in contrast and thus is a cause of degradation in display
characteristics.

As a method of suppressing this transverse electric field
disclination, orienting the liquid crystal molecules at a high
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pretilt angle is conceivable. In the case of TN mode,
however, orientation of liquid crystal molecules at a high
pretilt angle invites coloration and a further deterioration in
display characteristics.

In consideration of this, the present invention, as in the
construction described above, is such that each pixel region
is divided into a perimeter portion that is influenced by a
transverse electric field and an inner region that is not, and
a transverse electric field suppressing region is provided in
each perimeter portion such that liquid crystal molecules are
oriented at a higher pretilt angle in the perimeter portions
than in the inner regions. As a result, disclination generated
at boundaries between the perimeter portions and portions
other than the perimeter portions is prevented. Meanwhile,
because liquid crystal molecules in the inner regions are
oriented to a low pretilt angle, coloration on the display
screen is not observed. Thus, a liquid crystal display element
having excellent display characteristics such as contrast and
no observation of coloration is provided.

It is possible that the construction described above be
such that an orientation film for orienting liquid crystal
molecules in a specified direction be provided on an inner
side of each of the substrates; and the orientation film
comprise a high pretilt angle region for initially orienting
liquid crystal molecules at a high pretilt angle in each of the
transverse electric field suppressing regions and a low pretilt
angle region for initially orienting liquid crystal molecules at
a low pretilt angle in each of the inner regions.

It is possible that the orientation film at least contain thin
film components each having a photosensitive group, the
photosensitive groups being polymerized and fixed in a
desired direction.

It is also possible that the orientation film be a thin film
formed of a group of molecules including at least molecules
of a silane-based compound each having a photosensitive
group, the group of molecules being bonded and fixed to
each of the substrates.

It is further possible that the group of molecules be
inclined in a specified direction and the photosensitive
groups polymerized and fixed in the specified direction.

Finally, it is possible that the orientation film be a mono-
molecular film.

The present invention provides a method of producing a
liquid crystal display element that is a twisted nematic
orientation mode liquid crystal display element having a
liquid crystal layer with an initial orientation state in twisted
orientation mode provided between a pair of substrates, the
method comprising the steps of forming orientation films on
the pair of substrates; carrying out an orientation treatment
on each of the orientation films such that orientation treat-
ment conditions for regions of the liquid crystal layer
corresponding to perimeter portions of pixel regions are
made different from orientation treatment conditions for
regions corresponding to inner regions, which are regions
other than the perimeter portions, to form high pretilt angle
regions for orienting liquid crystal molecules at a high pretilt
angle in the regions corresponding to the perimeter portions
and low pretilt angle regions for orienting liquid crystal
molecules at a low pretilt angle in the regions corresponding
to the inner regions; adhering the substrates together; and
injecting a liquid crystal between the substrates through an
injection port to form a liquid crystal layer; whereby trans-
verse electric field suppressing regions are formed in the
perimeter portions of the pixel regions in the liquid crystal
layer, the transverse electric field suppressing regions ori-
enting liquid crystal molecules to a higher pretilt angle than
do the inner regions of the pixel regions.
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The method described above makes it possible to provide
a liquid crystal display element for suppressing generation
of reverse tilt even with influence from a transverse electric
field by carrying out an orientation treatment on the orien-
tation films formed on the substrates to form a high pretilt
angle region for orienting liquid crystal molecules at a high
pretilt angle in each region corresponding to the perimeter
portion of each pixel region. Thus, disclination generation at
boundaries between the perimeter portions and portions
other than the perimeter portions is prevented, making it
possible to produce a liquid crystal display element having
excellent display characteristics such as contrast.

It is possible that the step of carrying out an orientation
treatment be a step of carrying out an orientation treatment
by polarized photoalignment such that surfaces of the sub-
strates having the orientation films formed thereon are
irradiated with polarized light; and that the irradiation with
polarized light be carried out such that the irradiation
intensity of a first polarized light applied to the perimeter
portions of the pixel regions is made greater than the
irradiation intensity of a second polarized light applied to the
regions of the pixel regions other than the perimeter por-
tions.

It is also possible that the step of carrying out an orien-
tation treatment be a step of carrying out an orientation
treatment by polarized photoalignment such that surfaces of
the substrates having the orientation films formed thereon
are irradiated with polarized light; and that the irradiation
with polarized light is carried out such that the plane of
polarization of a first polarized light applied to the formation
regions and a second plane of polarization applied to the
formation regions are made parallel, and the angle of inci-
dence with respect to the substrate surfaces of the first
polarized light is made smaller than the angle of incidence
with respect to the substrate surfaces of the second polarized
light.

It is further possible that the step of forming orientation
films be such that a silane-based compound having photo-
sensitive groups is contacted to the substrate surfaces under
a dry atmosphere, whereby the silane-based compound is
chemisorbed to the substrate surfaces.

It is further possible to carry out the steps of removing
unadsorbed silane-based compound by washing surfaces of
the substrates having the orientation films formed thereon
using a washing solution immediately after the step of
forming orientation films; and temporarily aligning mol-
ecules of silane-based compound adsorbed to the substrate
surfaces by standing the washed substrates in a fixed direc-
tion to drain and dry washing solution remaining on the
substrate surfaces; so that the draining direction is made
parallel to the planes of polarization of the step of carrying
out an orientation treatment by polarized photoalignment.

(2-2) Invention Group 2-2

In order to achieve the objects described hereinbefore,
invention group 2-2 provides an IPS mode liquid crystal
display element having good response speed by making it
possible to sufficiently drive liquid crystal above the elec-
trodes.

In order to achieve these objects, the present invention
provides an in-plane switching-type liquid crystal display
element having a liquid crystal layer provided between a
pair of substrates and pairs of electrodes provided on one of
the substrates, the display element wherein: the liquid crys-
tal layer comprises, first regions provided above the elec-
trodes, wherein liquid crystal alignment is controlled by
electric field components above the electrodes; and a second
region corresponding to an area between the pairs of elec-
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trodes, wherein liquid crystal alignment is controlled by
transverse electric field components; wherein a pretilt angle
of liquid crystal molecules in the first regions is larger than
a pretilt angle of liquid crystal molecules in the second
region.

It is possible that an orientation film for orienting liquid
crystal molecules in a substantially same direction be pro-
vided on an inner side of one of the substrates, the orienta-
tion film having high pretilt angle regions for initially
orienting liquid crystal molecules above the pairs of elec-
trodes at a high pretilt angle and a low pretilt angle region
for initially orienting liquid crystal molecules between the
pairs of electrodes at a low pretilt angle.

It is also possible that the orientation film control the
orientation of liquid crystal molecules such that pretilt angle
increases continuously and progressively toward the elec-
trodes.

It is also possible that each of the pairs of electrodes be a
transparent electrode.

It is also possible that the orientation film at least contain
thin film component molecules each having a photosensitive
group, the photosensitive groups being polymerized and
fixed in a desired direction.

It is also possible that the orientation film be a thin film
formed of a group of molecules including at least molecules
of a silane-based compound each having a photosensitive
group, the group of molecules being bonded and fixed on
each of the substrates.

It is also possible that the group of molecules be inclined
in a specified direction and that the photosensitive groups be
polymerized and fixed in the specified direction.

Finally, it is possible that the orientation film be a mono-
molecular film.

In addition, in order to realize the objects mentioned
above, the present invention provides a method of producing
aliquid crystal display element that is an in-plane switching-
type liquid crystal display element provided with a liquid
crystal layer between a pair of substrates and pairs of
electrodes on one of the substrates, the method comprising
the steps of: forming orientation films on the pair of sub-
strates; carrying out an orientation treatment on the orien-
tation films such that orientation treatment conditions for
regions above the pairs of electrodes are made different from
orientation treatment conditions for regions corresponding
to an area between the pairs of electrodes to form high pretilt
angle regions for orienting liquid crystal molecules at a high
pretilt angle in the regions above the pairs of electrodes and
a low pretilt angle region for orienting liquid crystal mol-
ecules at a low pretilt angle in the region corresponding to
the area between the pairs of electrodes; adhering the
substrates together; and injecting a liquid crystal between
the substrates to form a liquid crystal layer; whereby in the
liquid crystal layer, first regions and a second region are
formed, the first regions provided above the electrodes,
wherein liquid crystal alignment is controlled by electric
field components above the electrodes, and the second
region corresponding to the area between the pairs of
electrodes, wherein liquid crystal alignment is controlled by
transverse electric field components.

In the method described above, it is possible that the step
of carrying out an orientation treatment be a step of carrying
out an orientation treatment such that surfaces of the sub-
strates having the orientation films formed thereon are
irradiated with polarized light; and the irradiation with
polarized light be carried out such that the irradiation
intensity of a first polarized light applied to the regions
above the pairs of electrodes is made greater than the
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irradiation intensity of a second polarized light applied to the
region corresponding to the area between the pairs of
electrodes.

It is possible that the step of carrying out an orientation
treatment be a step of carrying out an orientation treatment
by photoalignment with polarized light such that surfaces of
the substrates having the orientation films formed thereon
are irradiated with polarized light; and the irradiation with
polarized light be carried out such that the plane of polar-
ization of a first polarized light applied above the pairs of
electrodes and a second plane of polarization applied to the
region corresponding to the area between the electrodes are
made parallel, and the angle of incidence with respect to the
substrate surfaces of the first polarized light is made smaller
than the angle of incidence with respect to the substrate
surfaces of the second polarized light.

It is possible that the step of forming orientation films be
such that a silane-based compound having photosensitive
groups 1s contacted to the substrate surfaces under a dry
atmosphere, whereby the silane-based compound is chemi-
sorbed to the substrate surfaces.

It is possible to carry out the steps of removing unad-
sorbed silane-based compound by washing surfaces of the
substrates having the orientation films formed thereon using
a washing solution immediately after the step of forming
orientation films; and temporarily aligning molecules of
silane-based compound adsorbed to the substrate surfaces by
standing the washed substrates in a fixed direction to drain
and dry washing solution remaining on the substrate sur-
faces; so that the draining direction is made parallel to the
planes of polarization of the step of carrying out an orien-
tation treatment by polarized photoalignment.

Advantages of the IPS mode liquid crystal display ele-
ment of the present invention are described below.

In conventional IPS mode liquid crystal display elements,
while a transverse electric field generated between the pixel
electrodes and the opposing electrodes brings about a
change in the liquid crystal alignment state, liquid crystal
molecules above the electrodes are not driven because an
electric field component vertical to the substrate surfaces is
generated above these electrodes. For this reason, the liquid
crystal layer comes to have both regions in which the liquid
crystal transitions to a new alignment state and regions in
which the liquid crystal remains in the initial orientation
state, whereby at least in the boundary portions between
both regions, continuity in the alignment state of the liquid
crystal (during application of an electric field) is not main-
tained, factoring into a deterioration of response.

However, as in the case of the present invention, by
providing, in the liquid crystal layer above the pairs of
electrodes, first regions in which liquid crystal alignment is
changed by electric field components above the electrodes,
continuity in alignment state is maintained at boundary
portions between electrode formation regions and a non-
formation region even when an electric field is applied,
whereby a smooth transition between liquid crystal align-
ment states is realized. Thus, an improvement in response is
achieved.

The creation of the first regions is achieved by initially
orienting liquid crystal molecules in the first regions to a
larger pretilt angle than that to which liquid crystal mol-
ecules in the second region are oriented. When the liquid
crystal molecules are initially oriented to a high pretilt angle,
the long axis direction and the like of the liquid crystal
molecules can be easily lined up with the vertical electric
field direction.
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By providing, on one of the substrates, an orientation film
having high pretilt angle regions above the pairs of elec-
trodes and a low pretilt angle region between the pairs of
electrodes, it is possible to initially orient liquid crystal
molecules in the first regions to a high pretilt angle and
liquid crystal molecules in the second region to a low pretilt
angle.

By formation of first regions, the region of liquid crystal
that can be operated is enlarged. Thus, when a transparent
electrode is used for each of the pairs of electrodes, the
electrode formation regions also contribute to screen dis-
play, thereby improving light usage efficiency. As a result, a
much brighter display can be achieved.

With the production method of a liquid crystal display
element of the present invention, it is possible to make the
regions above the electrodes into regions that orient liquid
crystal molecules at a high pretilt angle and the region
corresponding to the area between the electrodes into a
region that orients liquid crystal molecules at a low pretilt
angle by carrying out an orientation treatment on the orien-
tation film having the pairs of electrodes such that orienta-
tion conditions for the regions above the pairs of electrodes
are made different from orientation conditions for the region
corresponding to the area between the pairs of electrodes. By
doing this, the orientation state of liquid crystal molecules in
the formation regions can be changed by electric field
components above the electrodes. Evenl when an electric
field is being applied, continuity in liquid crystal state is
maintained at the boundary portions between the first
regions and the second region, making it possible to realize
a smooth transition between liquid crystal alignment states
and to thereby produce a liquid crystal display element
having excellent response.

In addition, carrying out a photoalignment step, in which
the surfaces of substrates having an orientation film formed
thereon are irradiated with polarized light, for the orientation
treatment step, eliminates the need to form a photoresist
(protective film) by photolithography as was necessary in
carrying out of the conventional rubbing treatment. Thus, it
is made possible to simplify the production process and to
prevent degradation of the surface of the orientation film that
is caused by the formation and exfoliation of a photoresist.
Furthermore, the generation of dust, which was a problem
with the rubbing method, does not arise with the photoalign-
ment method, making it possible to prevent contamination
of the orientation film.

(2-3) Invention Group 2-3

In order to achieve the objects described above, it is an
object of the invention group 2-3 to provide a liquid crystal
display element that, along with reducing the splay-bend
transition voltage by almost certain generation of transition
seeds, has no display defects and has excellent display
quality. It is also an object to provide a method of producing
such a liquid crystal display element.

In order to achieve the objects described above, the
present invention provides a liquid crystal display element
comprising a liquid crystal layer oriented in splay alignment
provided between a pair of substrates with electrodes, each
substrate having an orientation film, the display element
wherein: at least one of the orientation films comprises thin
film component molecules each having a photosensitive
group and high pretilt regions for orienting liquid crystal
molecules to a higher pretilt angle than do other regions; and
the liquid crystal layer has transition seed generation regions
wherein a transition from splay alignment to bend alignment
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is accelerated by application of a voltage to the electrodes,
the transition seed generation regions being formed by the
high pretilt angle regions.

It is preferable that at least one of the transition seed
generation regions be provided in each pixel region in the
liquid crystal layer.

It is possible that the construction described above be
such that the one orientation film be a thin film formed of a
group of silane-based compound each having a photosensi-
tive group, the group being bonded and fixed on one of the
substrates.

It is possible that the silane-based compound molecules
comprise a linear hydrocarbon chain. When the silane-based
compound molecules comprise a linear hydrocarbon chain,
the silane-based compound molecules can be well aligned
on the substrate, making it possible to form a highly dense,
chemisorbed thin film. Thus, a liquid crystal display element
having an orientation film with excellent orientation prop-
erties can be obtained.

It is also possible that the construction be such that a
photosensitive group portion in the thin film component
molecules is polymerized and fixed in a desired direction.

It is possible that the orientation film be a monomolecular
film.

It is possible that the photosensitive group portion be
cinnamoyl groups or chalconyl groups.

In order to realize the objects described above, the present
invention provides a method of producing a liquid crystal
display element having a liquid crystal layer oriented in
splay alignment provided between a pair of substrates with
electrodes, each substrate having an orientation film, the
method comprising the steps of forming an orientation film
comprising thin film components each having a photosen-
sitive group on at least one of the substrates; carrying out an
orientation treatment that utilizes a photoalignment method
on the orientation film wherein irradiation conditions are
varied to form high pretilt angle regions for orienting liquid
crystal molecules at a higher pretilt angle than do other
regions; adhering the substrates together; and injecting a
liquid crystal between the substrates to form a liquid crystal
layer; whereby transition seed generation regions for accel-
erating a transition from splay alignment to bend alignment
with application of a voltage to the electrodes are provided
in the liquid crystal layer, the transition seed generation
regions being formed by the high pretilt angle regions.

It is possible that the step of carrying out an orientation
treatment be such that polarized light having a greater
irradiation intensity than polarized light applied to the other
regions is applied to specified regions to form the high pretilt
angle regions in the specified regions.

It is possible that the step of carrying out an orientation
treatment be such that polarized light having a smaller angle
of incidence than polarized light applied to the other regions
is applied to specified regions to form the high pretilt angle
regions in the specified regions.

It is possible that the step of carrying out an orientation
treatment be such that a silane-based compound having
photosensitive groups is contacted to the substrate surface
under a dry atmosphere, whereby the silane-based com-
pound is chemisorbed to the substrate surface.

It is possible to carry out the steps of removing unad-
sorbed silane-based compound by washing surfaces of the
substrates having the orientation films formed thereon using
a washing solution immediately after the step of forming
orientation films; and temporarily aligning molecules of
silane-based compound adsorbed to the substrate surfaces by
standing the washed substrates in a fixed direction to drain
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and dry washing solution remaining on the substrate sur-
faces; so that the draining direction is made parallel to the
planes of polarization of the step of carrying out an orien-
tation treatment by polarized photoalignment.

Advantages of such a liquid crystal display element of the
present invention is described below.

A liquid crystal display element in accordance with the
present invention is such that transition seed generation
regions are provided in the liquid crystal layer by forming
high pretilt angle regions for orienting liquid crystal mol-
ecules to a higher pretilt angle than to other regions in the
orientation film. Orienting liquid crystal molecules to a
higher pretilt angle than to other regions makes it possible to
provide a liquid crystal alignment state having a distorted
construction in these regions. Thus, when voltage is applied,
liquid crystal molecules in these regions rise (transition)
quickly as compared to liquid crystal molecules of other
regions, whereby transitions seeds are generated. The gen-
eration of transition seeds accelerates a transition from splay
alignment to bend alignment, thereby reducing the splay-
bend transition voltage.

It is possible that the orientation film be a thin film formed
of a group of thin film components each having a photo-
sensitive group and bonded to a substrate, a photosensitive
group of the thin film components being polymerized and
fixed in a specified direction. In this way, the orientation of
liquid crystal molecules can be controlled in the direction in
which the photosensitive group is polymerized and fixed,
making it possible to obtain a liquid crystal display element
having excellent orientation uniformity.

In addition, in the production method of the liquid crystal
display element of the present invention, orientation treat-
ment on the orientation film is carried out using a photo-
alignment method (polarized photoalignment step), elimi-
nating the need to form a photoresist (protective film) by
photolithography as was necessary in carrying out of the
conventional rubbing treatment. Thus, it is made possible to
simplify the production process and to prevent degradation
of the surface of the orientation film that is caused by the
formation and exfoliation of a photoresist. Furthermore, the
generation of dust does not arise with the photoalignment
method, making it possible to prevent contamination of the
orientation film.

Furthermore, by irradiating specified regions with polar-
ized light having a greater irradiation intensity than polar-
ized light with which other regions are irradiated, high pretilt
angle regions can be formed in the specified regions with
good reproducibility. Alternatively, high pretilt angle
regions can be formed in the specified regions by irradiating
these regions with polarized light applied at an incidence
angle that is larger than that of polarized light applied to
other regions. Thus, by employing either of these methods or
a combination of these methods, transition angle generation
regions can be easily formed in the liquid crystal layer. Even
when voltage is applied to the electrodes, the generation of
transition seeds is ensured and the transition from splay
alignment to bend alignment accelerated, making it possible
to produce a liquid crystal display element having a reduced
splay-bend transition voltage.

(2) The Third Invention Group

In order to achieve the objects described above, the third
invention group provides a liquid crystal display element
having excellent display characteristics by providing an
orientation film on each of a pair of substrates in a liquid
crystal display element and making the anchoring energy,
with respect to liquid crystal molecules, of each respective
orientation film different.
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In order to achieve the objects described above, the
present invention provides a liquid crystal display element
comprising a liquid crystal sandwiched between two
opposed substrates each having an orientation film, wherein
the two orientation films comprise molecules having a
photosensitive group and have different orientation anisotro-
pies from one another, the molecules having been irradiated
with polarized light, and wherein an anchoring energy, with
respect to liquid crystal molecules, of the orientation film
provided on an inner side of one of the opposed substrates
differs from an anchoring energy, with respect to liquid
crystal molecules, of the orientation film provided on an
inner side of the other opposed substrate.

The construction described above makes it possible to
provide a liquid crystal display element suitable for various
liquid crystal modes, each display element provided with
orientation films that have an anchoring energy with respect
to liquid crystal molecules. For example, with an orientation
film on a substrate having opposed electrodes on a surface
thereof, the anchoring energy with respect to liquid crystal
molecules can be made large. On the other hand. with an
orientation film on a substrate without the electrodes, the
anchoring energy with respect to liquid crystal molecules
can be made small because it is not necessary that the
anchoring energy with respect to the liquid crystal molecules
be a particularly large azimuthal anchoring energy. In par-
ticular, because a photoalignment method is employed, the
controlling of the anchoring energy can be realized with
good reproducibility.

Such a liquid crystal display element of the present
invention may also be obtained by employing the two
orientation films comprising molecules having a photosen-
sitive group, the molecules having been irradiated with
polarized light of different irradiation intensity.

Such a liquid crystal display element of the present
invention may also be obtained by employing the two
orientation films comprising molecules having a photosen-
sitive group, the molecules having been irradiated with
polarized light applied at different angles to the substrates.

It is possible that the molecules having a photosensitive
group be molecules of a silane-based compound, a group of
the molecules forming a thin film bonded and fixed to each
of the substrates.

Opposed electrodes may be provided on one of the
substrates.

It is preferable that the anchoring energy, with respect to
liquid crystal molecules, of the orientation film provided on
an inner side of one of the opposed substrates be greater than
the anchoring energy, with respect to liquid crystal mol-
ecules, of the orientation film provided on an inner side of
the other opposed substrate.

The anchoring energies may be defined by azimuthal
anchoring energy.

The present invention provides a method of producing a
liquid crystal display element, comprising the steps of
forming thin films on a pair of substrates using molecules
having at least a photosensitive group; carrying out an
orientation treatment by irradiating one of the thin films and
the other of the thin films with polarized light under different
irradiation conditions to make the orientation anisotropy of
the one orientation film different from the orientation anisot-
ropy of the other orientation film, so that an anchoring
energy, with respect to liquid crystal molecules, of the one
orientation film and an anchoring energy, with respect to
liquid crystal molecules, of the other orientation film are
different; forming a sealing material on either of the sub-
strates in a frame shape excluding a portion for a liquid
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crystal injection port; adhering the substrates together; and
injecting a liquid crystal between the substrates through the
liquid crystal injection port to form a liquid crystal layer.

With this construction, because ultraviolet polarized light
is applied under different conditions, the anchoring energy,
with respect to liquid crystal molecules, of each orientation
film can be easily made different. When a rubbing method is
employed, the controlling of anchoring energy can neither
be achieved easily, nor with good reproducibility. However,
polarized light irradiation makes it possible to easily control
anchoring energy with good reproducibility.

In for example, an IPS mode liquid crystal display ele-
ment, the surface having the opposed electrodes may have a
large azimuthal anchoring energy, making it possible to
carry out driving of the liquid crystal element at optimal
performance. For example, because voltage-transmissivity
characteristics are such that the change in transmissivity is
steep in the vicinity of the threshold voltage, an IPS mode
liquid crystal display element having an even greater num-
ber of scan lines can be provided for matrix driving.

The production method may be carried out by applying
polarized light of different irradiation intensity.

The molecules having a photosensitive group may also be
irradiated with polarized light forming different angles with
the substrates.

It is possible that one of the opposed substrates have
opposed electrodes on a surface thereof, and that the orien-
tation treatment be carried out under orientation conditions
such that the anchoring energy, with respect to liquid crystal
molecules, of an orientation film provided on an inner side
of the one opposed substrate is made greater than the
anchoring energy, with respect to liquid crystal molecules,
of an orientation film provided on an inner side of the other
opposed substrate.

It is possible that the step of forming thin films be such
that a silane-based compound having photosensitive groups
is contacted to surfaces of the substrate under a dry atmo-
sphere, whereby the silane-based compound is chemisorbed
to the substrate surfaces.

It is possible to carry out the steps of removing unad-
sorbed silane-based compound by washing surfaces of the
substrates having the orientation films formed thereon using
a washing solution immediately after the step of forming
orientation films; and temporarily aligning molecules of
silane-based compound adsorbed to the substrate surfaces by
standing the washed substrates in a fixed direction to drain
and dry washing solution remaining on the substrate sur-
faces; so that the draining direction is made parallel to the
planes of polarization of the step of carrying out an orien-
tation treatment by polarized photoalignment.

(4) The Fourth Invention Group

In order to realize the objects described above, the present
invention provides a liquid crystal display element compris-
ing a liquid crystal sandwiched between two opposed sub-
strates each having an orientation film, wherein at least one
of the orientation films comprises molecules having a pho-
tosensitive group and has at least two regions with different
orientation anisotropies, the molecules having been irradi-
ated with polarized light, and wherein anchoring energies
with respect to liquid crystal molecules are different such as
to correspond to the orientation anisotropies of the regions
of the at least one of the orientation films.

Because this construction of the present invention is such
that at least two regions having an anchoring energy, with
respect to liquid crystal molecules, are provided on one of
the substrates by polarized light irradiation, it is not neces-
sary to form a photoresist (protective film) by photolithog-
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raphy, as was necessary with the conventional rubbing
method. Thus, it is made possible to simplify the production
process and to prevent degradation of the surface of the
orientation film that is caused by the formation and exfo-
liation of a photoresist. Furthermore, the generation of dust
does not arise with the photoalignment method, making it
possible to prevent contamination of the orientation film.

It is possible that the irradiation of polarized light be
carried out by applying polarized light of differing irradia-
tion intensities.

Polarized light may be applied so as to form differing
angles with the substrates.

The orientation film having the at least two regions with
different orientation anisotropies may be provided on an
inner side of each of the opposed substrates such that regions
of the orientation films having a same orientation anisotropy
being opposed to one another.

The present invention provides a method of producing a
liquid crystal display element comprising the steps of form-
ing thin films on a pair of substrates using molecules having
at least a photosensitive group; carrying out an orientation
treatment by irradiating different areas of at least one of the
thin films with polarized light under different irradiation
conditions to form at least two regions having different
orientation anisotropies on the at least one of the thin films,
whereby regions having different anchoring energies, with
respect to liquid crystal molecules, are formed in the film;
forming a sealing material on either of the substrates in a
frame shape excluding a portion for a liquid crystal injection
port; adhering the substrates together; and injecting a liquid
crystal between the substrates through the liquid crystal
injection port to form a liquid crystal layer.

Employing such a construction makes it possible to easily
produce a liquid crystal display element having an orienta-
tion film with regions having differing anchoring energies
with respect to liquid crystal.

The polarized light irradiation may be such that, for
example, different areas of at least one of the thin films is
irradiated with polarized light of differing irradiation inten-
sity.

The polarized light irradiation may also be such that
different areas of at least one of the thin films is irradiated
with polarized light having parallel planes of polarization
and at least two different angles of incidence with respect to
surfaces of the substrates.

In the following, liquid crystal display elements of the
fourth invention group and production methods of the same
are described in detail.

(4-1) Invention Group 4-1

In order to achieve the objects described above, invention
group 4-1 provides a TN mode liquid crystal display element
that prevents the generation of transverse electric field
disclination and deterioration in contrast caused by this
disclination. It also provides a method of producing such a
liquid crystal display element.

The present invention provides a liquid crystal display
element wherein the liquid crystal display element is a
twisted nematic orientation mode liquid crystal display
element having a liquid crystal layer with an initial orien-
tation state in twisted orientation mode provided between a
pair of substrates; an orientation film for orienting liquid
crystal molecules in a specified direction is provided on an
inner side of each of the substrates; and a transverse electric
field suppressing region is provided in a perimeter portion of
each pixel region in the orientation films, the transverse
electric field suppressing region having a greater anchoring

10

15

20

25

35

40

45

50

55

60

16

energy with respect to liquid crystal molecules than does an
inner region of each pixel region.

In the construction of the present invention described
above, each pixel region is divided into a perimeter portion
that is influenced by a transverse electric field and an inner
region that is not, and a transverse electric field suppressing
region is provided in each perimeter portion such that the
anchoring energy, with respect to liquid crystal molecules, is
larger in the perimeter portion than in the inner region. As a
result, disclination generated at boundaries between the
perimeter portions and portions other than the perimeter
portions is prevented. Meanwhile, because anchoring energy
is suppressed to a low value in the areas of the pixel regions
other than the perimeter portions, the driving voltage does
not reach a high value.

It is possible that the orientation film at least contain thin
film components each having a photosensitive group, the
photosensitive groups being polymerized and fixed in a
desired direction.

It is a possible that the orientation film be a thin film
formed of a group of molecules including at least molecules
of a silane-based compound each having a photosensitive
group, the group of molecules being bonded and fixed to
each of the substrates.

It is possible that the group of molecules be inclined in a
specified direction and the photosensitive groups be poly-
merized and fixed in the specified direction.

It is possible that the orientation film be a monomolecular
film.

In order to achieve the objects described above, the
present invention provides a method of producing a liquid
crystal display element, comprising the steps of forming
orientation films on a pair of substrates; carrying out an
orientation treatment on each of the orientation films such
that orientation treatment conditions for regions of the
orientation films corresponding to perimeter portions of
pixel regions are made different from orientation treatment
conditions for regions corresponding to inner regions, which
are regions other than the perimeter portions, to form regions
of the orientation films having a large anchoring energy with
respect to liquid crystal molecules in regions corresponding
to the perimeter portions and regions of the orientation films
having a small anchoring energy with respect to liquid
crystal molecules in regions corresponding to the inner
regions; adhering the substrates together; and injecting a
liquid crystal between the substrates to form a liquid crystal
layer; whereby transverse electric field suppressing regions
are formed in the perimeter portions of the pixel regions of
the orientation films, the transverse electric field suppressing
regions having a greater anchoring energy with respect to
liquid crystal molecules than do the inner regions.

The method described above makes it possible to provide
a liquid crystal display element for suppressing generation
of reverse tilt even with influence from a transverse electric
field by carrying out an orientation treatment on the orien-
tation films formed on the substrates to form a region having
a larger anchoring energy with respect to liquid crystal
molecules in regions corresponding to the perimeter por-
tions, whereby a transverse electric field suppressing region
is provided in each perimeter portion of the pixel electrodes.
Thus, disclination generation at boundaries between the
perimeter portions and portions other than the perimeter
portions is prevented, making it possible to produce a liquid
crystal display element having excellent display character-
istics such as contrast.

It is possible that the step of carrying out an orientation
treatment be a step of carrying out an orientation treatment
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by photoalignment with polarized light such that surfaces of
the substrates having the orientation films formed thereon
are irradiated with polarized light; and the irradiation with
polarized light be carried out such that the irradiation
intensity of a first polarized light applied to the perimeter
portions of the pixel regions is made greater than the
irradiation intensity of a second polarized light applied to the
regions of the pixel regions other than the perimeter por-
tions.

It is possible that the step of carrying out an orientation
treatment be a step of carrying out an orientation treatment
by photoalignment with polarized light such that surfaces of
the substrates having the orientation films formed thereon
are irradiated with polarized light; and the irradiation with
polarized light be carried out such that the plane of polar-
ization of a first polarized light applied to the formation
regions and a second plane of polarization applied to the
formation regions are made parallel, and the angle of inci-
dence with respect to the substrate surfaces of the first
polarized light is made smaller than the angle of incidence
with respect to the substrate surfaces of the second polarized
light.

It is possible that the step of forming orientation films be
such that a silane-based compound having photosensitive
groups is contacted to the substrate surfaces under a dry
atmosphere, whereby the silane-based compound is chemi-
sorbed to the substrate surfaces.

(4-2) Invention Group 4-2

In order to achieve the objects described above, invention
group 4-2 provides an IPS mode liquid crystal display
element having good response speed by making it possible
to sufficiently drive liquid crystal even above the electrodes.
It also provides a method of producing such a liquid crystal
display element.

The present invention provides a liquid crystal display
element that is an in-plane switching-type liquid crystal
display element comprising a liquid crystal layer provided
between a pair of substrates and pairs of electrodes provided
on one of the substrates, the display element wherein: an
orientation film for orienting liquid crystal molecules in a
substantially same direction is provided on an inner side of
one of the substrates; and the liquid crystal layer comprises,
first regions provided above the electrodes, wherein liquid
crystal alignment is controlled by electric field components
above the electrodes; and a second region corresponding to
an area between the pairs of electrodes, wherein liquid
crystal alignment is controlled by transverse electric field
components; wherein an anchoring energy, with respect to
liquid crystal molecules, of the orientation film in the first
regions is greater than an anchoring energy, with respect to
liquid crystal molecules, of the orientation film in the second
region.

The principles of driving in an IPS mode liquid crystal
display element are such that, when driving is ON, the
electric field in the azimuthal direction is strong above the
electrodes, but weak in other regions. Therefore, it is desir-
able that the azimuthal anchoring energy be large above the
electrodes and small in other regions. An electric field
component in the polar direction exists above the electrodes,
but is almost nonexistent in other regions. Therefore, it is
desirable that the polar anchoring energy be large above the
electrodes, but small in other regions.

This construction of the present invention makes it pos-
sible to provide a liquid crystal display element having
regions with different anchoring energies because anchoring
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energy, with respect to liquid crystal molecules, of the
orientation film can be easily changed by applying polarized
light.

It is possible that the orientation film comprise regions
having a large anchoring energy with respect to liquid
crystal molecules above the pairs of electrodes and a region
having a small anchoring energy with respect to liquid
crystal molecules between the pairs of electrodes.

It is possible that the orientation film control the orien-
tation of liquid crystal molecules such that anchoring energy
increases continuously or in a step-wise manner toward the
electrodes.

Each of the pairs of electrodes may be a transparent
electrode.

The orientation film may at least contain thin film com-
ponent molecules each having a photosensitive group, the
photosensitive groups being polymerized and fixed in a fixed
direction.

The orientation film may be a thin film formed of a group
of molecules including at least molecules of a silane-based
compound each having a photosensitive group, the group of
molecules being bonded and fixed to each of the substrates.

The group of molecules may be inclined in a specified
direction and the photosensitive groups polymerized and
fixed in the specified direction.

The orientation film may be a monomolecular film.

The present invention provides a method of producing a
liquid crystal display element that is an in-plane switching-
type liquid crystal display element provided with a liquid
crystal layer between a pair of substrates and pairs of
electrodes on one of the substrates, the method comprising
the steps of: forming orientation films on the pair of sub-
strates; carrying out an orientation treatment on the orien-
tation films such that orientation treatment conditions for
regions above the pairs of electrodes are made different from
orientation treatment conditions for a region corresponding
to an area between the pairs of electrodes to form regions of
the orientation films having a large anchoring energy with
respect to liquid crystal molecules in regions above the pairs
of electrodes and a region of the orientation films having a
small anchoring energy with respect to liquid crystal mol-
ecules in the region corresponding to the area between the
pairs of electrodes; adhering the substrates together; and
injecting a liquid crystal between the substrates to form a
liquid crystal layer; whereby in the liquid crystal layer, first
regions and a second region are formed, the first regions
provided above the electrodes, wherein liquid crystal align-
ment is controlled by electric field components above the
electrodes, and the second region corresponding to the area
between the pairs of electrodes, wherein liquid crystal
alignment is controlled by transverse electric field compo-
nents.

With this construction, the alignment state of liquid
crystal molecules in formation regions can be changed by
electric field components above the electrodes.

It is possible that the step of carrying out an orientation
treatment be a step of carrying out an orientation treatment
such that surfaces of the substrates having the orientation
films formed thereon are irradiated with polarized light; and
the irradiation with polarized light be carried out such that
the irradiation intensity of a first polarized light applied to
the regions above the pairs of electrodes is made greater than
the irradiation intensity of a second polarized light applied
to the region corresponding to the area between the pairs of
electrodes.

It is possible that the step of carrying out an orientation
treatment be a step of carrying out an orientation treatment



US 7,307,683 B2

19

by photoalignment with polarized light such that surfaces of
the substrates having the orientation films formed thereon
are irradiated with polarized light; and the irradiation with
polarized light be carried out such that the plane of polar-
ization of a first polarized light applied above the pairs of
electrodes and a second plane of polarization applied to the
regions corresponding to the area between the electrodes are
made parallel, and the angle of incidence with respect to the
substrate surfaces of the first polarized light is made smaller
than the angle of incidence with respect to the substrate
surfaces of the second polarized light.

It is possible that the step of forming orientation films be
such that a silane-based compound having photosensitive
groups is contacted to the substrate surfaces under a dry
atmosphere, whereby the silane-based compound is chemi-
sorbed to the substrate surfaces.

It is possible to carry out the steps of removing unad-
sorbed silane-based compound by washing surfaces of the
substrates having the orientation films formed thereon using
a washing solution immediately after the step of forming
orientation films; and temporarily aligning molecules of
silane-based compound adsorbed to the substrate surfaces by
standing the washed substrates in a fixed direction to drain
and dry washing solution remaining on the substrate sur-
faces; so that the draining direction is made parallel to the
planes of polarization of the step of carrying out an orien-
tation treatment by photoalignment with polarized light.

(4-3) Invention Group 4-3

In order to achieve the objects of described above, inven-
tion group 4-3 provides a liquid crystal display element that,
along with reducing the splay-bend transition voltage by
almost certain generation of transition seeds, has no display
defects and has excellent display quality. It is also an object
to provide a method of producing such a liquid crystal
display element The present invention provides a liquid
crystal display element comprising a liquid crystal layer
oriented in splay alignment provided between a pair of
substrates with electrodes, each substrate having an orien-
tation film, the display element wherein: at least one of the
orientation films comprises thin film component molecules
each having a photosensitive group and regions having a
larger anchoring energy with respect to liquid crystal mol-
ecules than do other regions; and the liquid crystal layer has
transition seed generation regions wherein a transition from
splay alignment to bend alignment is accelerated by appli-
cation of a voltage to the electrodes, the transition seed
generation regions being formed by the regions of the
orientation film having a large anchoring energy with respect
to liquid crystal molecules.

The same advantageous effects are obtained as with
invention group 2-3. Additionally, regions having a large
anchoring energy with respect to liquid crystal molecules
and regions having a small anchoring energy with respect to
liquid crystal molecules are formed in the orientation film
without affecting pretilt angle. Thus, even if regions having
a larger anchoring energy with respect to liquid crystal
molecules are provided in any area of the pixel regions,
these regions serve as transition seeds, the initial orientation
of the liquid crystal not being affected.

The transition seed generation regions should be provided
such that each pixel region in the liquid crystal layer has at
least one of the transition seed generation regions. It this
way, a transition seed is generated in each of the pixel
regions.
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It is possible that the one orientation film be a thin film
formed of a group of silane-based compound each having a
photosensitive group, the group being bonded and fixed on
one of the substrates.

It is possible that the silane-based compound molecules
comprise a linear hydrocarbon chain.

A photosensitive group portion in the thin film component
molecules may be polymerized and fixed in a desired
direction.

The orientation film may be a monomolecular film.

The photosensitive group portion may be cinnamoyl
groups or chalconyl groups.

The present invention provides a method of producing a
liquid crystal display element having a liquid crystal layer
oriented in splay alignment provided between a pair of
substrates with electrodes, each substrate having an orien-
tation film, the method comprising the steps of: forming an
orientation film comprising thin film components each hav-
ing a photosensitive group on at least one of the substrates;
carrying out an orientation treatment that utilizes a photo-
alignment method on the orientation film wherein irradiation
conditions are varied to form regions having a larger anchor-
ing energy with respect to liquid crystal molecules than do
other regions; adhering the substrates together; and injecting
a liquid crystal between the substrates to form a liquid
crystal layer; whereby transition seed generation regions for
accelerating a transition from splay alignment to bend
alignment with application of a voltage to the electrodes are
provided in the liquid crystal layer, the transition seed
generation regions being formed by the regions of the
orientation film having a large anchoring energy.

This production method also makes it possible to produce
a liquid crystal display element similar to that produced by
the production method of invention group 2-3.

It is possible that the step of carrying out an orientation
treatment be such that polarized light having a greater
irradiation intensity than polarized light applied to the other
regions is applied to specified regions to form the regions of
the orientation film having a large anchoring energy with
respect to liquid crystal molecules.

It is possible that the step of carrying out an orientation
treatment be such that polarized light having a smaller angle
of incidence than polarized light applied to the other regions
is applied to specified regions to form the regions of the
orientation film having a large anchoring energy with respect
to liquid crystal molecules in the specified regions.

It is possible that the step of carrying out an orientation
treatment be such that a silane-based compound having
photosensitive groups is contacted to the substrate surface
under a dry atmosphere, whereby the silane-based com-
pound is chemisorbed to the substrate surface.

It is possible to carry out the steps of removing unad-
sorbed silane-based compound by washing surfaces of the
substrates having the orientation films formed thereon using
a washing solution immediately after the step of forming
orientation films; and temporarily aligning molecules of
silane-based compound adsorbed to the substrate surfaces by
standing the washed substrates in a fixed direction to drain
and dry washing solution remaining on the substrate sur-
faces; so that the draining direction is made parallel to the
planes of polarization of the step of carrying out an orien-
tation treatment by photoalignment with polarized light.

(5) The Second Invention Group

In order to achieve the objects described above, the fifth
invention group provides a liquid crystal display element in
which regions of orientation films provided on opposed
substrates induce different pretilt angles in the liquid crystal
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molecules in correspondence with orientation anisotropies
of the films and have different anchoring energies. It also
provides a method of producing a pixel.

In order to achieve the objects described above, the
present invention provides a liquid crystal display element
comprising a liquid crystal sandwiched between two
opposed substrates each having an orientation film, wherein
the two orientation films comprise molecules having a
photosensitive group and have different orientation anisotro-
pies from one another, the molecules having been irradiated
with polarized light, and wherein a pretilt angle of liquid
crystal molecules corresponding to the orientation anisot-
ropy of the orientation film provided on an inner side of one
of the opposed substrates differs from a pretilt angle of liquid
crystal molecules corresponding to the orientation anisot-
ropy of the orientation film provided on an inner side of the
other opposed substrate and an anchoring energy, with
respect to liquid crystal molecules, of the orientation film on
the inner side of the one of the opposed substrates differs
from an anchoring energy, with respect to liquid crystal
molecules, of the orientation film provided on the inner side
of the other of the opposed substrates.

By making different the conditions of polarized light
irradiation, the pretilt angle induced on liquid crystal mol-
ecules in correspondence with orientation anisotropy and the
anchoring energy with respect to liquid crystal molecules of
each orientation film can be made different. According to
this construction of the present invention, it is possible to
make different the pretilt angle induced on liquid crystal
molecules in correspondence with orientation anisotropy
and the anchoring energy with respect to liquid crystal
molecules of each orientation film by making different the
conditions of polarized light irradiation.

It is also possible that the molecules comprise a photo-
sensitive group, the molecules having been irradiated with
polarized light of different irradiation intensity.

The molecules may comprise a photosensitive group, the
molecules having been irradiated with polarized light
applied at different angles to the substrates.

The present invention provides a method of producing a
liquid crystal display element comprising the steps of form-
ing thin films on a pair of substrates using molecules having
at least a photosensitive group; carrying out an orientation
treatment by irradiating one of the thin films and the other
of the thin films with polarized light under different irradia-
tion conditions so that the orientation anisotropy of the one
thin film and that of the other thin film are made different;
forming a sealing material on either of the substrates in a
frame shape excluding a portion for a liquid crystal injection
port; adhering the substrates together; and injecting a liquid
crystal between the substrates through the liquid crystal
injection port to form a liquid crystal layer; whereby regions
are formed in which a pretilt angle of liquid crystal mol-
ecules corresponding to the orientation anisotropy of an
orientation film provided on an inner side of one of the
opposed substrates differs from a pretilt angle of liquid
crystal molecules corresponding to the orientation anisot-
ropy of an orientation film provided on an inner side of the
other opposed substrate and an anchoring energy region,
with respect to liquid crystal molecules, of the orientation
film on the inner side of the one of the opposed substrates
differs from an anchoring energy region, with respect to
liquid crystal molecules, of the orientation film provided on
the inner side of the other of the opposed substrates.

Such a construction makes it possible to produce a liquid
crystal display element in which each of the orientation films
induces a pretilt angle in liquid crystal molecules corre-
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sponding to the orientation anisotropy of the orientation film
and has an anchoring energy with respect to liquid crystal
molecules.

It is possible that the irradiation be such that the one of the
thin films and the other of the thin films are irradiated with
polarized light of different irradiation intensity.

The irradiation may be such that the one of the thin films
and the other of the thin films are irradiated with polarized
light having parallel planes of polarization and different
angles of incidence with respect to surfaces of the substrates.

One of the opposed substrates may have opposed elec-
trodes on a surface thereof, and the orientation treatment
may be carried out under orientation conditions such that the
pretilt angle of liquid crystal molecules corresponding to the
orientation anisotropy of the orientation film provided on the
inner side of the one opposed substrate is made greater than
the pretilt angle of liquid crystal molecules corresponding to
the orientation anisotropy of the orientation film provided on
the inner side of the other opposed substrate and the anchor-
ing energy, with respect to liquid crystal molecules, of the
orientation film provided on the inner side of the one
opposed substrate is made greater than the anchoring energy,
with respect to liquid crystal molecules, of the orientation
film provided on the inner side of the other opposed sub-
strate.

(6) The Sixth Invention Group

In order to achieve the objects described above, the sixth
invention group provides a liquid crystal display element in
which regions of an orientation film provided on a same
substrate induce different pretilt angles in the liquid crystal
molecules and have different anchoring energies with
respect to liquid crystal molecules, such as to correspond to
orientation anisotropies of the film. It also provides a method
of producing such a liquid crystal display element.

The present invention provides a liquid crystal display
element comprising a liquid crystal sandwiched between
two opposed substrates each having an orientation film,
wherein at least one of the orientation films comprises
molecules having a photosensitive group and has at least two
regions with different orientation anisotropies, the molecules
having been irradiated with polarized light, and wherein
pretilt angles of liquid crystal molecules and anchoring
energies, with respect to liquid crystal molecules, of the
orientation film are different such as to correspond to the
orientation anisotropies of the regions of the orientation
film.

Such a construction makes in possible to produce a liquid
crystal display element in which each of the orientation films
induces a pretilt angle in liquid crystal molecules and has an
anchoring energy with respect to liquid crystal molecules
such as to correspond to orientation anisotropies of the
orientation film.

Itis possible, for example, that the irradiation of polarized
light be such that the one of the thin films and the other of
the thin films are irradiated with polarized light of different
irradiation intensity.

The orientation film having the at least two regions with
different orientation anisotropies may be provided on an
inner side of each of the opposed substrates such that regions
of the orientation films having a same orientation anisotropy
being opposed to one another.

The present invention provides a method of producing a
liquid crystal display element comprising the steps of form-
ing thin films on a pair of substrates using molecules having
at least a photosensitive group; carrying out an orientation
treatment by irradiating different areas of at least one of the
thin films with polarized light under different irradiation
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conditions to form at least two regions having different
orientation anisotropies on the at least one of the thin films;
forming a sealing material on either of the substrates in a
frame shape excluding a portion for a liquid crystal injection
port; adhering the substrates together; and injecting a liquid
crystal between the substrates through the liquid crystal
injection port to form a liquid crystal layer; whereby regions
are formed in which a pretilt angle of liquid crystal mol-
ecules corresponding to the orientation anisotropy of an
orientation film provided on an inner side of at least one of
the opposed substrates differs from a pretilt angle of liquid
crystal molecules corresponding to the orientation anisot-
ropy of an orientation film provided on an inner side of the
other opposed substrate and an anchoring energy region,
with respect to liquid crystal molecules, of the orientation
film on the inner side of the one of the opposed substrates
differs from an anchoring energy region, with respect to
liquid crystal molecules, of the orientation film provided on
the inner side of the other of the opposed substrates.

The irradiation may be such that different areas of at least
one of the thin films are irradiated with polarized light of
different irradiation intensity.

The irradiation may be such that different areas of at least
one of the thin films are irradiated with polarized light
having parallel planes of polarization and different angles of
incidence with respect to surfaces of the substrates.

(7) The Seventh Invention Group

In order to achieve the objects described above, the
seventh invention group provides a liquid crystal display
element in which liquid crystal is not injected into portions
that do not contribute to image display. It also provides a
method of producing such a liquid crystal display element.

In order to achieve the second object, the present inven-
tion provides a liquid crystal display element comprising a
liquid crystal sandwiched between two opposed substrates
each having an orientation film, wherein at least one of the
orientation films comprises molecules having a photosensi-
tive group and has at least two regions with different
orientation anisotropies, the molecules having been irradi-
ated with polarized light, and wherein contact angles
between the liquid crystal and the orientation film are
different such as to correspond to the orientation anisotro-
pies of the regions of the orientation film.

By varying contact angle between the liquid crystal and
the orientation film, portions into which it is easy to inject
liquid crystal and portions into which it is difficult to inject
liquid crystal are formed.

Polarized light of differing irradiation intensities may be
applied.

Polarized light may be applied at different angles to the
substrates.

The contact angle in a display region may be larger than
the contact angle in a portion other than the display region.
In such a way, liquid crystal is not injected into the portion
other than the display region.

The contact angle in the portion other than the display
region should be 40° or larger from a surface of the
orientation film, as such a contact angle is sufficient for
preventing the injection of liquid crystal.

The liquid crystal should not be filled into the portion
other than the display portion.

(8) The Fighth Invention Group

In order to achieve the objects described above, the eighth
invention group provides an optically anisotropic film, for
use in a liquid crystal display element having more than one
liquid crystal orientation, which contributes to the realiza-
tion of a liquid crystal display element that has no coloration
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and excellent display characteristics. It also provides a
method of producing such an optically anisotropic film.

In order to realize the objects described above, the present
invention provides an optically anisotropic film formed of a
liquid crystal polymer that is optically positive and uniaxial
and of a polymerizable polymer, the film comprising at least
two regions in which different orientation structures are
fixed, the orientation structures having been formed when
the liquid crystal polymer was in a liquid crystal state.

With such a construction, because there are at least two
regions in which different orientation structures are fixed, an
optically anisotropic film is provided having liquid crystal
polymer with an optimum pretilt, this pretilt corresponding
to the pretilt of each region of the liquid crystal display
element having more than one liquid crystal orientation.

The liquid crystal polymer may have a twist angle.

It is preferable that the liquid crystal polymer be a
cholesteric liquid crystal polymer or a discotic liquid crystal
polymer.

The present invention provides a method of producing an
optically anisotropic film, comprising the steps of: forming
thin films on a pair of substrates using molecules having at
least a photosensitive group; carrying out an orientation
treatment by irradiating different areas of at least one of the
thin films with polarized light under different irradiation
conditions to form at least two regions having different
orientation anisotropies in the at least one of the thin films;
adhering the substrates together; injecting a polymerizable
polymer and a liquid crystal polymer between the substrates
through the injection port to form a layer of the polymer-
izable polymer and the liquid crystal polymer; and polymer-
izing the polymerizable polymer and the liquid crystal
polymer.

Because the liquid crystal polymer is oriented by the
orientation anisotropy of the orientation film, an optically
anisotropic film can be produced that corresponds to the
pretilt of the liquid crystal in a liquid crystal display element
having more than one liquid crystal orientation.

The irradiation of polarized light may be such that dif-
ferent areas of at least one of the thin films are irradiated
with polarized light of different irradiation intensity.

Different areas of at least one of the thin films may be
irradiated with polarized light having parallel planes of
polarization and at least two different angles of incidence
with respect to surfaces of the substrates.

Different areas of at least one of the thin films may be
irradiated with polarized light having parallel planes of
polarization and at least different incidence directions with
respect to surfaces of the substrates.

In opposing regions of opposed orientation films, groups
of molecules making up the thin films may be oriented in
different directions such that a twist angle is formed.

(9) The Ninth Invention Group

In order to achieve the objects described above, the ninth
invention group provides a liquid crystal display element
with improved display characteristics.

In order to realized the objects, the present invention
provides a liquid crystal display element comprising a liquid
crystal layer sandwiched between two opposed substrates
each having an orientation film, wherein the display element
comprises an optically anisotropic film formed of a liquid
crystal polymer that is optically positive and uniaxial and of
a polymerizable polymer, the optically anisotropic film
having at least two regions in which different orientation
structures are fixed, the orientation structures having been
formed when the liquid crystal polymer was in a liquid
crystal state.
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This construction makes it possible to provide a liquid
crystal display element with improved display characteris-
tics by employing an optically anisotropic film that corre-
sponds to regions having more than one liquid crystal
orientation.

It is possible that each pixel of the liquid crystal display
element have a plurality of regions in which liquid crystal
molecules are oriented in different orientation states.

It is possible that the orientation state of the liquid crystal
molecules be divided into a plurality of regions by use of
orientation films having more than one liquid crystal orien-
tation.

The orientation structure of the optically anisotropic film
may vary in correspondence with regions in which the liquid
crystal molecules are oriented in different orientation states.

It is possible that the pretilt direction of liquid crystal
molecules in each of the regions and the direction of the
director of molecules of the liquid crystal polymer formed
with the film plane differ by 180°.

A plurality of regions, in each of the regions, in which
liquid crystal molecules have a different twist, and a plural-
ity of regions, in the optically anisotropic film, in which the
liquid crystal polymer has a different twist may be matched.

The twist of liquid crystal molecules in each of the regions
and the twist of the liquid crystal polymer in the optically
anisotropic film may be the reverse of one another.

The optically anisotropic film may be provided in a liquid
crystal cell.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(a)-1(b) are schematic views for illustrating an
IPS mode liquid crystal display element in accordance with
the present invention.

FIGS. 2(a)-2(e) are views schematically showing the
main production steps of a method of producing a liquid
crystal display element in accordance with an example of the
present invention.

FIG. 3 is a perspective view schematically showing a TN
mode liquid crystal display element in accordance with an
embodiment of the present invention.

FIG. 4 is a perspective view schematically showing the
orientation state of liquid crystal molecules in one pixel.

FIG. 5 is a perspective view for illustrating orientation
treatment by an orientation film photoalignment method in
the method of producing a liquid crystal display element
mentioned above.

FIG. 6 is a perspective view schematically showing an
IPS mode liquid crystal display element in accordance with
an embodiment of the present invention.

FIG. 7 is a plan view schematically showing electrode
pairs made up of a pixel electrode structure and a counter
electrode structure in the liquid crystal display element
mentioned above.

FIG. 8 is a perspective view schematically showing the
orientation state of liquid crystal molecules in the liquid
crystal display element mentioned above.

FIGS. 9(a)9(b) are schematic cross sectional views
showing the orientation state of liquid crystal molecules in
first regions and a second region of the liquid crystal display
element mentioned above: FIG. 7(a) shows the state of
liquid crystal molecules when no voltage is being applied,
and FIG. 7(b) shows the state of liquid crystal molecules
when voltage is being applied.
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FIG. 10 is a perspective view illustrating orientation
treatment by an orientation film photoalignment method in
a method of producing the liquid crystal display element
mentioned above.

FIG. 11 is a perspective view schematically showing the
orientation state of liquid crystal molecules in one pixel of
an orientation film in accordance with the present invention.

FIG. 12 is a perspective view illustrating orientation
treatment by an orientation film photoalignment method in
a method of producing the liquid crystal display element
mentioned above.

BEST MODE FOR CARRYING OUT THE
INVENTION

EXAMPLES OF THE FIRST INVENTION
GROUP

In the following, the first invention group of the present
invention is described in detail.

Embodiment 1

The present embodiment in accordance with the first
invention group of the present invention provides a liquid
crystal display element having a liquid crystal sandwiched
between two opposed substrates each having an orientation
film, wherein the two orientation films are composed of
molecules having a photosensitive group and have different
orientation anisotropies from one another because the mol-
ecules have been irradiated with polarized light. The pretilt
angle of liquid crystal molecules corresponding to the ori-
entation anisotropy of the orientation film provided on the
inner side of one of the opposed substrates differs from the
pretilt angle of liquid crystal molecules corresponding to the
orientation anisotropy of the orientation film provided on the
inner side of the other opposed substrate.

The orientation films are composed of a compound having
photosensitive groups. When photosensitive groups are con-
tained, it is made possible, by applying polarized light, to
polymerize and fix the photosensitive groups in a desired
direction, thereby imparting orientation anisotropy to the
orientation film.

Examples of compounds having photosensitive groups
include polymers, such as polyvinyl alcohol, ethylene-vinyl
alcohol copolymer, and polyimide-based resin, and their
precursors. It is necessary that these polymers and their
precursors have photosensitive groups such as cinnamoyl
groups or chalconyl groups to serve as substitution groups.

It is also possible to use a silane-based compound having
photosensitive groups for the compound of the orientation
film. This is desirable because such silane-based compounds
having photosensitive groups bond and fix to a substrate
surface.

Examples of silane-based compounds usable in the
present embodiment include the compounds listed below.

(1) 8iY,Cly,

(2) CH5(CH,),SiY Cl,

(3) CH,(CH,),(CH,),SiY Cly

(4) CH,(CH2),—Si(CH,),(CH,),81Y Cl,

(5) CFCOO4(CH,), S1Y Cl;

Note that p is an integer of 0-3, q is an integer of 0-2, r
is an integer of 1-25, s is an integer of 0-12, t is an integer
of 1-20, u is an integer of 0-12, v is an integer of 1-20, and
w is an integer of 1-25. In addition, Y is one of hydrogen, an
alkyl group, an alkoxyl group, a fluorine-containing alkyl
group, and a fluorine-containing alkoxyl group.
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1tis also possible to use a trichlorosilane-based compound
for the silane-based compound. Specifically, the compounds
(6) to (14) shown below can be used.

(6) CF5(CH,)oS1Cl,

(7) CH,(CH,),08iCl,

(8) CH,(CH,),Si(CH,),(CH,),,SiCl,

(9) CH,COO(CH,),sS1Cl,4

10) CF,(CF,),—(CH,),—SiCl,

(11) CF4(CF,),—C4H,—SiCl,

(12) C,Hs—CH=CH—CO—0—(CH,),—0—SiCl,

(13) CH, CO CH=CH CJ,0 (CH,), O
SiCl,
(14) CH, CH=CH CO C/JH,0 (CH,), O
SiCl,

Of the compounds listed above, the compound repre-
sented by expression (12) has a cinnamoyl group for the
photosensitive group, and the compounds represented by the
expressions (13) and (14) have a chalconyl group for the
photosensitive group.

Instead of the chlorosilane-based compounds, it is also
possible to use an isocyanate-based compound having an
isocyanate group or an alkoxy group in place of the chlo-
rosilyl group. Specifically, examples include the compounds
represented by the expressions (15) and (16) below in which
the chlorosilane group in the chlorosilane of expression (6)
is substituted with an isocyanate group or an alkoxy group.

(15) CH,(CH,), Si(OC,Hy ),

(16) CH,(CH,),8i(NCO),

By using an isocyanate-based compound or an alkoxy-
based compound, the generation of hydrochloric acid is
prevented when either of the compounds is contacted to a
substrate and chemisorption is brought about. For this rea-
son, TFTs or the like provided on the substrate are not
damaged, and there is the additional advantage that these
compounds are easy to use.

Examples for an organic solvent that dissolves silane-
based compounds include a hydrocarbon-based solvent that
does not contain water, a fluorocarbon-based solvent, and a
silicone-based solvent. Examples usable for a petroleum-
based solvent include petroleum naphtha, solvent naphtha,
petroleum ether, petroleum benzene, isoparaflin, normal
paraffin, decalin, industrial gasoline, kerosene, ligroin, dim-
ethyl silicone, phenyl silicone, alkyl modified silicone, poly-
ester silicone, and the like. For a fluorocarbon-based solvent,
a flon-based solvent, Fluorinert (tradename, available from
3M), Afluid (tradename, available from Asahi Glass Co.,
Ltd), or the like can be used. These solvents may be used
individually or by mixing two or more solvents together
supposing the solvents are compatible. In particular, silicone
has little moisture and does not easily absorb moisture, and
silicone serves to prevent direct contact of a chlorosilane-
based compound with moisture by solvation of the chlorosi-
lane-based compound. Thus, by employing a solvent that is
composed of a chlorosilane-based compound and silicone,
adverse eflects caused by moisture in the atmosphere when
the solvent is contacted to a substrate layer are prevented,
making it possible to chemisorb the chlorosilane-based
compound to the exposed OH groups on the substrate layer.

On a substrate, in addition to pixel electrodes and counter
electrodes, wiring composed of an 1TO film or an Al film,
TFTs, and a protective film composed of an SiO, film or
SiN_are provided in advance. On the counter substrate, a
color filter composed of, for example, an acrylic-based or
silicone-based polymer film is provided. Spacers composed
of an acrylic-based or silicone-based polymer material are
integrally formed with either the substrate or the counter
substrate so as to be provided thereon. Of all the members
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described above, because the distribution density of OH
groups, which serve as adsorption sites, is high on the
surfaces of the SiO, or SiN, film, even more of the silane-
based compound molecules can be adsorbed. Thus, it is
made possible to form orientation films that are excellent in
terms of orientation characteristics. By contrast, the distri-
bution density of OH groups on the wiring and the elec-
trodes, which are composed of an 1TO film or an Al film, the
TFTs, and the like is low. As for the color filter and the
spacers, OH groups are almost nonexistent. Thus, in order to
adsorb a silane-based compound to the surfaces of these
members also and to form an orientation film having high
quality film characteristics, it is necessary to carry out a
hydrophilization treatment to increase the number of adsorp-
tion sites. In the present embodiment, various known meth-
ods may be employed for the hydrophilization treatment.
Specifically, examples include a method wherein an SiO, or
SiN, film is formed on regions to be made hydrophilic, a
UV—O, treatment wherein ultraviolet is applied under an
ozone atmosphere, or the like.

A method of producing a liquid crystal display element in
accordance with the present invention is now described. In
this example, for the orientation films, monomolecular thin
films composed of chemisorbed groups of silane-based
compound molecules are described.

First, pairs of opposed electrodes are formed on a sub-
strate by a known method. A silane-based compound
(chemisorption substance) having at least a photosensitive
group is then dissolved in a nonaqueous organic solvent and
a chemisorption solution is prepared. This chemisorption
substance is then contacted to the substrates and the mol-
ecules of the chemisorption substance in the chemisorption
solution are chemisorbed to the substrate surfaces.

For example, when a compound provided with a photo-
sensitive group and a trichlorosilane group, specifically
C¢Hs—CH=CH—CO—CH,0—(CH,)s—0—SiCl;, is
used for the silane-based compound, the chemisorption
reaction represented by chemical reaction formula (1)
occurs. 1n short, the chlorosilyl groups in the compound and
OH groups on the substrate surfaces undergo a dehydro-
chlorination reaction, whereby the compound is chemi-
sorbed to the substrate surfaces.

CgHs—CH=CH—CO—CH,0—(CH,)s—O0—
SiCl;+HO-substrare—CH;—CH=CH—CO—
CH,O—(CH,)6—O0—SiClL,—O-substrate+ HCI 1)

Because the silane-based compound is highly reactive with
water, the silane-based compound is deactivated when con-
tained in a chemisorption solution having a lot of moisture.
Therefore, in order that the chemisorption reaction be made
to progress smoothly, it is desirable to use a nonaqueous
solvent that does not contain active hydrogen groups such as
OH groups and also to carry out the contacting of the
solution with the substrate surfaces in a dry atmosphere. In
addition, a portion of the silane-based compound may
remain in an undissolved state. A chemisorption solution in
a supersaturated state is an example of such a solution.

When polymer orientation films are used for the orienta-
tion films, a variety of known methods may be employed for
the method of forming the films. Specifically, a polymer
orientation film can be formed by applying, for example, an
orientation material containing a polymer precursor or the
like having a photosensitive group, to a substrate surface and
subsequently, drying and baking the substrate.

After the step of forming the orientation films, a step of
washing the substrates is carried out to remove unadsorbed
silane-based compound on the substrates and form mono-
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molecular orientation films. Examples of washing methods
that may be employed in this step include an immersion
method, a steam washing method, and the like. The steam
washing method is particularly effective in that excess
unadsorbed silane-based compound on the front surface of
the substrate can be forcibly removed by the penetrating
power of the steam. It should be noted that when a chlo-
rosilane-based compound, a variety of silane-based com-
pound, is used for the chemisorption substance, it is desir-
able to use chloroform or N-methyl-2-pyrrolidinone for the
washing solution. This is because chloroform is excellent for
removing chlorosilane polymer that is formed by the reac-
tion between chlorosilane-based compound and water.

After the step of washing, the substrates are then lifted
from the washing container and left to drain and dry in a
fixed upright position. Thus, the washing solution is drained
only in the direction of gravity, making it possible to
temporarily orient the chemisorbed molecules making up the
thin films in the draining and drying direction. In particular,
washing solutions having a boiling point of 200° C. or less
are desirable as these solutions have excellent drying prop-
erties following draining. As another method of draining and
orienting applicable to the present embodiment, gas is
sprayed on the substrate surfaces to bring about the draining
of the washing liquid. With this method, the washing solu-
tion can be drained in a short period and only in the direction
in which the gas is sprayed. In particular, use of a washing
solution having a boiling point of 150° C. or higher is
effective because the washing solution can be drained by the
spraying of the gas without evaporation.

An orientation treatment (photoalignment with polarized
light step) is carried out on the orientation films formed on
the substrates by a photoalignment method. Unlike the
conventional rubbing treatment, this photoalignment
method eliminates the need for masking in which a protec-
tive film is used, making it possible to simplify the produc-
tion process and prevent contamination and the like of the
orientation films by protective films. There is also no gen-
eration of dust and the like as there is when rubbing is
carried out.

The orientation films are thin films composed of chemi-
sorbed groups of silane-based compound molecules and
have constructions such that most of the thin film component
portion is exposed in an orderly manner on the surfaces. For
these reasons, the films are sensitive to polarized light and
can be provided with orientation anisotropy by low intensity
polarized light irradiation. In addition, because the orienta-
tion films are ultrathin films, occurrence of driving voltage
loss, sticking, and the like is reduced, making it possible to
realize an improvement in display characteristics.

Specifically, photoalignment is brought about by the fol-
lowing method. This method is described with reference to
FIG. 1. First, one of the substrates of a pair of opposed
substrates, a substrate 1, is irradiated with polarized ultra-
violet light having a wavelength distribution in the neigh-
borhood of 300 nm to 400 nm. The polarized ultraviolet light

is applied in a direction that forms an angle of w1 with the
substrate along the draining direction.

The other substrate, a substrate 2, is then irradiated with
polarized ultraviolet light. The polarized ultraviolet light is
applied in a direction that forms and angle of ¥2 with the
substrate along the draining direction.

The planes of polarization of the polarized ultraviolet
light line up with the draining direction from the draining
step (in other words, with the thin film component portion).
The irradiation intensity of the polarized ultraviolet light
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should be within the range of 50 mJ/em? to 3000 mJ/cm?
(wavelength: 365 nm). Specifically, when the pretilt angles
of the liquid crystal molecules are controlled by the irradia-
tion intensity of polarized ultraviolet light, it is necessary
that irradiation intensity be set such that the irradiation
intensity of the former polarized ultraviolet light be smaller
than the irradiation intensity of the latter polarized ultravio-
let light. The directions in which the polarized ultraviolet
light is applied are set so as to form, along the draining

direction, an angle of w1 and -2 within the range of 0° to
90° and more preferably within the range of 45° to 90°.
Specifically, when the pretilt angles of the liquid crystal
molecules are controlled by the irradiation intensity of

polarized ultraviolet light, it is necessary to set w1 formed

by the polarized ultraviolet light so as to be greater than =2
formed by the polarized ultraviolet light.

In this way, by carrying out photoalignment treatment
with polarized light, photosensitive groups in the thin film
component molecules of the orientation films can be selec-
tively photopolymerized, making it possible to induce
crosslinking of the thin film components on the substrate
surfaces in a direction parallel to the polarization direction.
Furthermore, orientation substrates having different pretilt
angles may be formed on each of the substrates of the pair
of opposed substrates. In addition, by appropriately setting
the irradiation intensity of the polarized ultraviolet light and
the direction in which the polarized ultraviolet light is
applied, orientation films capable of controlling the orien-
tation of the liquid crystal molecules at a specified pretilt
angle can be consistently reproduced.

The pretilt angle of liquid crystal molecules associated
with one of the substrates should be approximately 1° to 10°
and the pretilt angle of liquid crystal molecules associated
with the other of the substrates approximately 1° to 9°.

The pair of substrates are then positioned at a specified
distance with the film-formed sides on the inside, and the
perimeters of the substrates are adhered and fixed together to
fabricate an empty cell. A liquid crystal cell is then fabri-
cated by injecting a liquid crystal into the empty cell, and
subsequently, a liquid crystal display element of the present
invention is fabricated by sandwiching the liquid crystal cell
between a pair of polarizers.

As described above, in the method of producing a liquid
crystal display element according to the present embodi-
ment, the carrying out of an orientation treatment by the
photoalignment method eliminates the need to form a pho-
toresist (protective film) by photolithography as was neces-
sary in carrying out of the conventional rubbing method. As
a result, along with realizing a simplification in the produc-
tion process, the formation and exfoliation of a photoresist
becomes unnecessary, making it possible to prevent degra-
dation of the surface of the orientation films. Furthermore,
the generation of dust, which is a problem with rubbing
treatment, does not arise with the photoalignment method,
making it possible to prevent contamination of the orienta-
tion films.

In addition, with the photoalignment method, the fact that
the irradiation intensity of polarized ultraviolet light, the
polarization direction, and the direction of applied light can
be controlled makes it possible to carry out an orientation
treatment on the orientation films such that the orientation of
the liquid crystal molecules is fixed in a desired direction
and at a desired pretilt angle. In comparison with rubbing
treatment, this orientation treatment can be reproduced very
consistently, making it excellent for volume production.
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Example 1

First, the construction of an IPS mode liquid crystal
display element is described. As is shown in FIG. 1, a first
substrate 35 has a first electrode group 31 arranged in a
comb-shape, a TFT group 32 for driving this electrode
group, a second electrode group 33 arranged in a comb-
shape so as to be opposed to the first electrode group 31 and
wiring for connecting these members. A second substrate 38
has a color filter group 37 arranged so as to be opposed to
the first substrate 35, and liquid crystal orientation films 36
are on each of the substrates. The orientation direction of the
liquid crystal film 36 of both the first and the second
substrates 35, 38 is induced parallel to the comb-shaped
electrodes 33, 31. The first and second substrates 35 and 38
are fixed such that beads are dispersed in a central portion of
the electrodes 31, 33 and the color filter 37, and though not
shown in FIG. 1, an adhesive containing spacers 39 is
applied to the edge, and the gap set at approximately 3
mu.m. A homogeneous liquid crystal 40 is injected in the
space between the first substrate 35 and the second substrate
38, and first and second polarizers 41, 42 are fixed on the
outer side of the first and the second substrates 35, 38 so as
to be in a crossed nicols relation (so that the directions of
polarized light that can pass through are perpendicular to
one another).

The principle behind driving an IPS mode liquid crystal
display element is now described. When driving is in an OFF
state (FIG. 1(a)), the homogeneous liquid crystal 40 is
oriented parallel to the comb-shaped electrodes 31, 33, and
polarized light, having been transmitted through the first
polarizer 41, passes through the liquid crystal layer without
its direction being changed in the liquid crystal layer. As a
result the polarized light cannot pass through the second
polarizer 42, which is in a crossed nicols relation with the
first polarizer 41. Thus display is black (normally black).
However when driving is switched to an ON state, liquid
crystal 40 in the vicinity of the first substrate 35 rotates
toward a direction perpendicular to that of the comb-shaped
electrodes 31, 33 as the driving voltage is increased until the
liquid crystal 40 in the vicinity of the first substrate 35 is
oriented perpendicular to the comb-shaped electrodes 31,
33. Liquid crystal 40 above the substrate 35 orients by
application of an electric field so as to have a specified tilt.
By contrast, liquid crystal 40 in the vicinity of the second
substrate 38 remains oriented parallel to the comb-shaped
electrodes. Thus, a twist is created in the liquid crystal layer,
eventually becoming a twist of 90.degree. Because its polar-
ization direction is twisted by the optical rotation of the
liquid crystal 40 in the liquid crystal layer, polarized light,
having passed through the polarizer 41, passes through the
liquid crystal layer, until finally, the light has completely
passed through the liquid crystal layer, the polarization
direction having been twisted by 90.degree. As a result, the
polarized light can now pass through the second polarizer
42, which is in a crossed nicols relation with the first
polarizer 41, and the display changes from black to white.
However, when the driving voltage is increased more than
this, the liquid crystal 40 in the vicinity of the second
substrate orients 38 perpendicular to the comb-shaped elec-
trodes 31, 33 and the twist in the liquid crystal layer is lost,
whereby the display becomes black once again.

With the construction of the present embodiment, the
liquid crystal molecules on the substrate are oriented at a
relatively large pretilt angle, and therefore, when driving is
switched to an ON state, orientation is realized quickly and
response speed improved.
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First, for the formation of orientation films, a solution for
the fabrication of orientation films was prepared. Specifi-
cally, C;Hs—CH=CH—CO—0O—(CH,),—0—SiCl; was
mixed and dissolved in hexamethyldisiloxane under a dry
atmosphere to form a 107> mol/L solution.

As is shown in FIG. 2(a), a substrate for IPS mode was
provided and the solution described above applied to the
substrate surface under a dry atmosphere (relative humidity
of 5% or less). A printing press was used in the application.
The thickness of the applied film was made to be approxi-
mately 1 pm. After the hexamethyldisiloxane contained in
the applied film was evaporated, the substrate was then
baked for a specified length of time to form an orientation
film (see FIG. 2(b)).

The substrate having an orientation film formed thereon
was then immersed in chloroform, a nonaqueous solvent,
and the substrate was washed (washing step, see FIG. 2(c)).
In a fixed upright position, the substrate was then lifted from
the chloroform and the chloroform was drained (draining
orientation step, see FIG. 2(d)). The draining direction was
made to be parallel to the direction of the long side of the
comb-shaped electrode portions provided on the substrate.
Thus, molecules making up the orientation film were
inclined in the draining direction, the direction opposite to
the direction of lifting, and oriented accordingly. The same
process was carried out on the other substrate.

After the draining orientation step, the substrate having
the comb-shaped electrodes was irradiated with polarized
ultraviolet light. The polarization direction of the ultraviolet
light was lined up with the draining direction, but the
direction of the applied light was set so as to form a 45°
angle with the substrate surface along the draining direction.
Irradiation intensity was set at 400 mJ/cm>.

The other substrate was irradiated with polarized ultra-
violet light under the following conditions. The polarization
direction of the ultraviolet light was lined up with the
draining direction, but the direction of applied light was set
so as to be perpendicular to the substrate surface along the
draining direction. Irradiation intensity was the same as the
above.

Spacers were then dispersed on one of the substrates and
sealing material was applied on the perimeter of one of the
substrates so that the application formation was a frame
shape. The substrate and the counter substrate were then
adhered together. In this process, the orientation treatment
direction of the orientation film provided in one substrate
and the orientation treatment direction of the orientation film
provided in the counter substrate were positioned so as to be
parallel to one another.

A liquid crystal material was then injected between the
substrate and the counter substrate to form a liquid crystal
display element A of the present invention.

Comparative Example 1

In the present comparative example 1, the irradiation of
both the substrate and the counter substrate with polarized
ultraviolet light was such that the polarization direction of
the ultraviolet light was lined up with the draining direction,
and except for the fact that the direction of applied light was
set so as to be perpendicular to the substrate surface along
the draining direction, a liquid crystal display element B for
comparison was fabricated in the same manner as the
element of example 1.
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Conditions of Film Fabrication and Display Characteristics

Pretilt angle and response speed of the liquid crystal
during operation were measured in the liquid crystal display
element A of the present invention and in the liquid crystal
display element B for comparison, respectively. The results
are shown in Table 1. Note that response speed was obtained
by measuring the response time for a change in transmis-
sivity from 10% to 90%.

TABLE 1

Liquid crystal
display element

A B

30
30
40

Pretilt angle at substrate 50
Pretilt angle at counter substrate 3°
Response speed (ms) 30

As is understood from Table 1, in the liquid crystal display
element A of the present invention, the pretilt angle of liquid
crystal molecules of the substrate having the comb-shaped
electrodes was approximately 5°. On the other hand, the
pretilt angle of liquid crystal molecules of the substrate
having the counter electrode was approximately 3°. The
response speed of was approximately 30 ms. By contrast, in
the liquid crystal display element B for comparison, the
pretilt angle of liquid crystal molecules of the substrate
having the comb-shaped electrodes and the pretilt angle of
liquid crystal molecules of the substrate having the counter
electrode were approximately 3°. The response speed was
approximately 40 ms. Thus, it is shown that the liquid crystal
display element A of the present invention is superior to the
liquid crystal display element B for comparison in terms of
response speed.

EXAMPLES OF THE SECOND INVENTION
GROUP

Embodiments in the second invention group are basically
like that of embodiment 1. However, in the embodiments of
the second invention group, an orientation treatment step is
such that at least two regions having differing orientation
anisotropies are formed on at least one of the thin films. In
other words, in embodiment 1, it was suitable to carry out an
orientation treatment for each substrate, but in the embodi-
ments of the second invention group, a photomask is used to
form at least two regions having differing orientation
anisotropies on the same substrate.

Embodiment 2-1

In the following, the present embodiment is described
with reference to FIGS. 3-6. Parts not essential to the
description have been omitted, and for the sake of conve-
nience in the description, some parts have been enlarged,
reduced, or the like.

The present embodiment suppresses the generation of
disclination and realizes an improvement in display charac-
teristics such as contrast by providing, in a twisted nematic
orientation mode liquid crystal display element, a transverse
electric field suppressing region around the perimeter por-
tion of each of pixel regions of the liquid crystal layer.
Specifically, in order to realize these transverse electric field
suppressing regions, the pretilt angle of liquid crystal mol-
ecules of the perimeter portions of the pixel regions is made
larger than the pretilt angle of liquid crystal molecules of
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regions other than the perimeter portions (hereinafter
referred to as inner regions). Using F1G. 3, a TN mode liquid
crystal display element of the present invention is described
below. FIG. 3 is a perspective view that schematically shows
the TN mode liquid crystal display element. FIG. 4 is a
perspective view schematically showing the orientation state
of liquid crystal molecules in one pixel.

A liquid crystal display element 10 has a substrate 1, a
counter substrate 2 opposed to the substrate 1, and a liquid
crystal layer 3 provided between the substrate 1 and the
counter substrate 2. A glass substrate, for example, may be
used for the substrate 1 and the counter substrate 2.

On the inner side of the substrate 1, pixel electrodes 4 are
arranged in a matrix, and bus lines (wiring), TFTs, and the
like (not shown in figures) are formed. On the inner surface
of the pixel electrodes 4 and the like, an orientation film 6
for orienting the liquid crystal molecules in the direction
shown by the arrow X is formed. On the inner surface of the
counter substrate 2, a counter electrode 5 is provided, and on
the inner surface of the counter electrode 5, an orientation
film 6 for orienting liquid crystal molecules in the direction
shown by the arrow Y is formed. Electrodes composed of
ITO (indium tin oxide) or like may be employed for the pixel
electrodes 4 and the counter electrode 5.

The orientation film 6 has, for every pixel electrode, a
high pretilt angle region 6a for orienting liquid crystal
molecules at a high pretilt angle and a low pretilt angle
region 64 for orienting liquid crystal molecules at a low
pretilt angle (see FIG. 4). The high pretilt angle region 6a is
provided in a rectangular frame-shape corresponding to the
perimeter portion of a given pixel region. The low pretilt
angle region 64 is provided so as to correspond to the inner
region, the region other than the perimeter region. The high
pretilt angle region 6a may be a frame-shaped region having
a width within the range of 5 pmx20 pm when the pixel
region is for example, 200 umx200 pm. When the width of
the high pretilt angle region 6a is less than 5 um, disclination
cannot be sufficiently suppressed, making such a width
undesirable. On the other hand, when greater than 20 pm,
coloration is observed, making such a width undesirable. It
should be noted that instead of making the high pretilt angle
region 6a into a rectangular frame-shaped region, it may be
made into a circular frame-shaped region. In addition, in the
present embodiment, while the formation regions of the
pixel electrodes 4 was matched with the pixel regions for the
sake of convenience in the description, it is no problem to
define the pixel regions as regions enlarged to include
positions for the formation of bus lines provided around the
regions.

The orientation film is composed of a group of adsorbed
molecules (thin film component molecules) that are chemi-
sorbed to the substrate surface and is a monomolecular
chemisorbed film having a construction such that a photo-
sensitive group portion of the adsorbed molecules is poly-
merized and fixed in a specified direction. In addition, the
thin film has a construction wherein the thin film compo-
nents are inclined and oriented in the direction shown by
arrow A in FIG. 4, and the photosensitive group portion is
polymerized in the same direction. Thus, the orientation film
6 differs from orientation films intended for multidomain-
type displays in that the orientation controlling direction
induced in the liquid crystal molecules is the same for both
the high pretilt angle region 6a and the low pretilt angle
region 6. The thin film component molecules are adsorbed
in a state wherein the inclination angle of the thin film
component molecules (the angle formed by the long axis of
the thin film component molecules and the substrate surface)
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in the high pretilt angle region 6a is smaller than the
inclination angle of the thin film component molecules in the
low pretilt angle region 6.

The orientation film 6 is a monomolecular chemisorbed
film wherein a group of adsorbed molecules are chemi-
sorbed to the substrate surface. The group of adsorbed
molecules includes at least adsorbed molecules having pho-
tosensitive groups, the photosensitive group portion being
polymerized and fixed in a specified direction. Because the
adsorbed molecules are disposed in an orderly manner on
the substrate, an orientation film having excellent orientation
uniformity is realized. In addition, because the thickness of
the film is the same as the length of the molecules due to the
fact that it is a monomolecular film, the thickness of the film
can be controlled very uniformly. Thus, it is made possible
to reduce degradation of display characteristics such as
variances in driving voltages, sticking, and the like which
arise from unevenness in thickness. In employing an orien-
tation treatment carried out using a photoalignment method
described hereinafter, the dose of polarized ultraviolet light
may also be reduced. This is because the anisotropic light
reaction can be easily induced in a desired direction when
photosensitive groups are exposed on the outermost surface.
It should be noted that the orientation film 6 is not limited
to a monomolecular chemisorbed film, but that it is possible
to employ, for example, polymer orientation films composed
of polyvinyl, polyimide, or the like and having photosensi-
tive groups.

Cinnamoyl groups or chalconyl groups are suitable for the
photosensitive groups. By providing such photosensitive
groups, it is made possible to reduce the irradiation intensity
of polarized ultraviolet light when photoalignment treatment
is carried out and to shorten tact time. Chalconyl groups are
particularly sensitive to ultraviolet light, and thus an even
greater shortening of tact time can be realized. In addition,
the molecular structure of the adsorbed molecules may have
a linear hydrocarbon chain. When a linear hydrocarbon
chain is contained, silane-based compound molecules can be
disposed on a substrate in an orderly manner and adsorbed
at a high density, thereby making it possible to realize an
orientation film that is excellent in terms of orientation. It
should be noted that while the orientation film 6 has been
described, for the most part, the same applies to the orien-
tation film 7 provided on the counter substrate 2 side.

The liquid crystal layer 3 contains a liquid crystal having
a positive dielectric anisotropy and has a TN alignment
structure in which the long axes of the liquid crystal mol-
ecules form a continuous twist of 90° between the substrate
1 and the counter substrate 2 as a result of the controlling of
the orientation directions by the orientation films 6 and 7. In
addition the liquid crystal layer 3 has a structure such that,
around the perimeter of each pixel region, a frame-shaped
transverse electric field suppressing region where liquid
crystal molecules are oriented at a high pretilt angle is
provided, and liquid crystal molecules in inner regions,
regions other than the transverse electric field suppressing
regions, are oriented at a low pretilt angle. This is achieved
by orienting liquid crystal molecules 8 in the vicinity of the
high pretilt angle region 6a of the orientation film 6 at a
pretilt angle of o degrees and liquid crystal molecules 9 in
the vicinity of the low pretilt angle region 6b at a pretilt
angle of 6 angles (see FIG. 4). By thus forming a transverse
electric field suppressing region in every pixel region, even
if this region is subject to a transverse electric field, align-
ment defects do not arise because molecules are oriented at
a high pretilt angle in advance. Thus, a liquid crystal display
element having good contrast and capable of suppressing the
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generation of disclination is realized. It should be noted that
a transverse electric fleld suppressing region is provided in
every pixel region in a frame-shape because a bus line is
wired on all sides of each pixel region such that influence
from a transverse electric field comes from all directions.

It is desirable that a be in the range of 3° to 10°. When less
than 3°, disclination is generated in liquid crystal molecules
under the influence of a transverse electric field. On the other
hand when greater than 10°, coloration is observed. It is
desirable that {3 be in the range of 1° to 7°. When less than
10, a reverse tilt is generated. On the other hand when
greater than 70, coloration is observed. Specifically, o and f3
are set such that a>f.

A method of producing a liquid crystal display element 10
in accordance with the present invention is described. In this
example, for the orientation films 6 and 7, monomolecular
thin films composed of chemisorbed groups of silane-based
compound molecules are described.

First, pixel electrodes 4 are formed on a substrate 1 by a
known method. A silane-based compound (chemisorption
substance) having at least a photosensitive group is then
dissolved in a nonaqueous organic solvent and a chemisorp-
tion solution is prepared. This chemisorption substance is
then contacted to the substrate 1 and the molecules of the
chemisorption substance in the chemisorption solution are
chemisorbed to the substrate surface.

For example, when a compound provided with a photo-
sensitive group and a trichlorosilane group, specifically
CH;—CH=CH—CO—CH,0—(CH,) «—0O—SiCl,, is
used for the silane-based compound, the chemisorption
reaction represented by chemical reaction formula (1)
occurs. In short, the chlorosilyl groups in the compound and
OH groups on the substrate surface undergo a dehydrochlo-
rination reaction, whereby the compound is chemisorbed to
the substrate surface.

CgHs—CH=CH—CO—CeH40—(CHy)g—0—
SiCl3+HO-substrate—+CgH;—CH=CH—CO—
CH,O—(CH,)—O—SiCl,—O-substrate+HCl 1)

Because the silane-based compound is highly reactive with
water, the silane-based compound is deactivated when con-
tained in a chemisorption solution having a lot of moisture.
Therefore, in order that the chemisorption reaction be made
to progress smoothly, it is desirable to use a nonaqueous
solvent that does not contain active hydrogen groups such as
OH groups and also to carry out the contacting of the
solution with the surface of substrate 1 in a dry atmosphere.
In addition, a portion of the silane-based compound may
remain in an undissolved state. A chemisorption solution in
a supersaturated state is an example of such a solution.

When a polymer orientation film is used for the orienta-
tion film, a variety of known methods may be employed for
the method of forming the film. Specifically, a polymer
orientation film can be formed by applying, for example, an
orientation material containing a polymer precursor or the
like having a photosensitive group, to a substrate surface and
subsequently, drying and baking the substrate.

After the step of forming the orientation film, a step of
washing is carried out to remove unadsorbed silane-based
compound on the substrate 1 and form a monomolecular
orientation film. Examples of washing methods that may be
employed in this step include an immersion method, a steam
washing method, and the like. The steam washing method is
particularly effective in that excess unadsorbed silane-based
compound on the front surface of the substrate can be
forcibly removed by the penetrating power of the steam. It
should be noted that when a chlorosilane-based compound,
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a variety of silane-based compound, is used for the chemi-
sorption substance, it is desirable to use chloroform or
N-methyl-2-pyrrolidinone for the washing solution. This is
because chloroform is excellent for removing chlorosilane
polymer that is formed by the reaction between chlorosilane-
based compound and water.

After the step of washing, the substrate 1 is then lifted
from the washing container and left to drain and dry in a
fixed upright position. Thus, the washing solution is drained
only in the direction of gravity, making it possible to
temporarily orient the chemisorbed molecules making up the
thin film in the draining and drying direction. In particular,
washing solutions having a boiling point of 200° C. or less
are desirable as these solutions have excellent drying prop-
erties following draining. Another method of draining and
orienting applicable to the present embodiment entails
spraying gas on the substrate surface to bring about the
draining of the washing liquid. With this method, the wash-
ing solution can be drained in a short period and only in the
direction in which the gas was sprayed. In particular, use of
a washing solution having a boiling point of 150° C. or
higher is effective because the washing solution can be
drained by the spraying of the gas without evaporation.

An orientation treatment (photoalignment with polarized
light step) is carried out on the orientation film formed on the
substrate 1 by a photoalignment method. Unlike the con-
ventional rubbing treatment, this photoalignment method
eliminates the need for masking in which a protective film
is used, making it possible to simplify the production
process and prevent contamination and the like of the
orientation film by a protective film. There is also no
generation of dust and the like as there is when rubbing is
carried out.

The orientation film 6 is a thin film composed of a
chemisorbed group of silane-based compound molecules
and has a construction such that most of the thin film
component portion is exposed in an orderly manner on the
surface. For these reasons, the film is sensitive to polarized
light and can be provided with orientation anisotropy by low
intensity polarized light irradiation. In addition, because the
orientation film is an ultrathin film, occurrence of driving
voltage loss, sticking, and the like is reduced, making it
possible to realize an improvement in display characteris-
tics.

Specifically, photoalignment is brought about by the fol-
lowing method. FIG. 5 is a perspective view for illustrating
orientation treatment by photoalignment. As is shown in the
same figure, first, polarized ultraviolet light 21 having, for
example, a wavelength distribution in the neighborhood of
300 nm to 400 nm is applied, the perimeter portions of the
pixel regions only being covered by a mask (not shown in
figure). The polarized ultraviolet light 21 is applied in a

direction that forms an angle of «-1 with the substrate along
the draining direction 23.

The other substrate, a substrate 2, is then irradiated with
polarized ultraviolet light 22. The polarized ultraviolet light
22 is applied in a direction that forms an angle of 62 with the
substrate along the draining direction 23.

The planes of polarization of the polarized ultraviolet
light 21 and 22 line up with the draining direction from the
draining step (in other words, with the thin film component
portion). The irradiation intensity of the polarized ultraviolet
light 21 and 22 should be within the range of 50 to 3000
ml/em (wavelength: 365 nm). Specifically, when the pretilt
angle of the liquid crystal molecules is controlled by the
irradiation intensity of polarized ultraviolet light, it is nec-
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essary that irradiation intensity be set such that the irradia-
tion intensity of the former polarized ultraviolet light be
smaller than the irradiation intensity of the latter polarized
ultraviolet light. The directions in which the polarized
ultraviolet light is applied are set so as to form, along the
draining direction, an angle of 01 and 62 within the range of
0° to 90° and more preferably within the range of 45° to 90°.
Specifically, when the pretilt angle of the liquid crystal
molecules is controlled by the irradiation intensity of polar-
ized ultraviolet light, it is necessary to set 81 formed by the
polarized ultraviolet light 21 so as to be greater than 62
formed by the polarized ultraviolet light. For example, FIG.
5 shows a case in which 01=45° and 02=90°.

In this way, by carrying out a photoalignment treatment
with polarized light, photosensitive groups in the thin film
component molecules of the orientation film 6 can be
selectively photopolymerized, making it possible to induce
crosslinking of the thin film components on the substrate
surface in a direction parallel to the polarization direction.
Furthermore, in the formation region of a pair of parallel
electrodes, a high pretilt angle region 6a capable of control-
ling the orientation of liquid crystal molecules at a high
pretilt angle may be formed, and in the non-formation
region, a low pretilt angle region 65 capable of controlling
the orientation of liquid crystal molecules at a low pretilt
angle may be formed. In addition, by appropriately setting
the irradiation intensity of the polarized ultraviolet light and
the direction in which the polarized ultraviolet light is
applied, orientation films capable of controlling the orien-
tation of the liquid crystal molecules at a specified pretilt
angle can be consistently reproduced.

A counter electrode is then formed on a counter substrate
2 by a known method, and subsequently, an orientation film
is formed by repeating the step of forming an orientation
film and the step of carrying out an orientation treatment on
the counter substrate.

The pair of substrates are then positioned at a specified
distance with the film-formed sides on the inside, and the
perimeters of the substrates are adhered and fixed together to
fabricate an empty cell. A liquid crystal cell is then fabri-
cated by injecting a liquid crystal into the empty cell, and
subsequently, a TN liquid crystal display element of the
present invention is fabricated by sandwiching the liquid
crystal cell between a pair of polarizers.

As described above, in the method of producing a liquid
crystal display element according to the present embodi-
ment, the carrying out of an orientation treatment by the
photoalignment method eliminates the need to form a pho-
toresist (protective film) by photolithography for the carry-
ing out of the conventional rubbing method. As a result,
along with realizing a simplification in the production pro-
cess, the formation and exfoliation of a photoresist becomes
unnecessary, making it possible to prevent degradation of
the surface of the orientation films. Furthermore, the gen-
eration of dust, which was a problem with rubbing treat-
ment, does not arise with the photoalignment method, mak-
ing it possible to prevent contamination of the orientation
films.

In addition, with the photoalignment method, the fact that
the irradiation intensity of polarized ultraviolet light, the
polarization direction, and the direction of applied light can
be controlled makes it possible to carry out an orientation
treatment on the orientation films such that the orientation of
the liquid crystal molecules is controlled in a desired direc-
tion and at a desired pretilt angle. In comparison with
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rubbing treatment, this orientation treatment can be repro-
duced very consistently, making it excellent for volume
production.

1f an orientation film is employed wherein groups of
silane-based compound molecules each having a photosen-
sitive group are adsorbed to the substrate surface, because
the orientation film is an ultrathin film, occurrence of driving
voltage loss, sticking, and the like is reduced, making it
possible to produce a liquid crystal display element having
improved display characteristics.

However, it is possible to perform the orientation treat-
ment on an orientation film without photosensitive groups
by a rubbing method. In such a case, it is sufficient to follow
the procedure of a known method, though it is desirable that
the rubbing direction substantially line up with the draining
direction. As the film component molecules will have been
oriented in the rubbing treatment direction in advance, the
rubbing treatment may be performed lightly, the rubbing
conditions having been eased in comparison to those of
conventional rubbing treatments. As a result, the generation
of dust is reduced. For an orientation film without photo-
sensitive groups, a polyimide without photosensitive groups,
for example, may be employed.

Examples of silane-based compounds usable for the
present embodiment include the compounds listed below.

(1) SiY,Cly,,

(2) CH,(CH,),SiY Cl,

(3) CH5(CH,),0(CH,)SiY Cl,

(4) CH,(CH,), —Si(CH,),(CH,}8iY,Cl,,,

(5) CFCOO,(CH,), S1Y (1,

Note that p is an integer of 0-3, q is an integer of 0-2, r
is an integer of 1-25, s is an integer of 0-12, t is an integer
of 1-20, u is an integer of 0-12, v is an integer of 1-20, and
w is an integer of 1-25. In addition, Y is one of hydrogen, an
alkyl group, an alkoxyl group, a fluorine-containing alkyl
group, and a fluorine-containing alkoxyl group.

1tis also possible to use a trichlorosilane-based compound
for the silane-based compound. Specifically, the compounds
(6) to (14) shown below can be used.

(6) CF,(CH,),SiCl,

(7) CH,(CH,),0SiCl,

(8) CH;(CH,)4Si(CH,),(CH,),,SiCl,

(9) CH,COO(CH,),5SiCl,

(10) CF5(CF,),—(CH,),—SiCl,

(11) CF4(CF,),—CzH,—SiCl,

(12) CHs—CH=CH—CO—0—(CH,)s—0—SiCl,

(13)  CeHy—CO—CH=CH—C,H,0—(CH,);—O—
SiCl,
(14)  CH,—CH=CH—CO—C,H,0—(CH,)—0—
SiCl,

Of the compounds listed above, the compound repre-
sented by expression (12) has a cinnamoyl group for the
photosensitive group, and the compounds represented by the
expressions (13) and (14) have a chalconyl group for the
photosensitive group.

Instead of the chlorosilane-based compound, it is also
possible to use an. isocyanate-based compound having an
isocyanate group or an alkoxy group in place of the chlo-
rosilyl group. Specifically, examples include the compounds
represented by the expression (15) and (16) below in which
the chlorosilane group in the chlorosilane of expression (6)
is substituted with an isocyanate group or an alkoxy group.

(15) CH,(CH,),Si(OC,Hy),

(16) CH,(CH,),Si(NCO),

By using an isocyanate-based compound or an alkoxy-
based compound, the generation of hydrochloric acid is
prevented when either of the compounds is contacted to a
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substrate and chemisorption is brought about. For this rea-
son, TFTs or the like provided on the substrate are not
damaged, and there is the additional advantage that these
compounds are easy to use.

Examples for an organic solvent that dissolves silane-
based compounds include a hydrocarbon-based solvent that
does not contain water, a fluorocarbon-based solvent, and a
silicone-based solvent. Examples usable for a petroleum-
based solvent include petroleum naphtha, solvent naphtha,
petroleum ether, petroleum benzene, isoparaffin, normal
paraffin, decalin, industrial gasoline, kerosene, ligroin, dim-
ethyl silicone, phenyl silicone, alkyl modified silicone, poly-
ester silicone, and the like. For a fluorocarbon-based solvent,
a flon-based solvent, Fluorinert (tradename, available from
3M), Afluid (tradename, available from Asahi Glass Co.,
Ltd), or the like can be used. These solvents may be used
individually or by mixing two or more solvents together
supposing the solvents are compatible. ln particular, silicone
has little moisture and does not easily absorb moisture, and
silicone serves to prevent direct contact of a chlorosilane-
based compound with moisture by solvation of the chlorosi-
lane-based compound. Thus, by employing a solvent that is
composed of a chlorosilane-based compound and silicone,
adverse effects caused by moisture in the atmosphere when
the solvent is contacted to a substrate layer are prevented,
making it possible to chemisorb the chlorosilane-based
compound to the exposed OH groups on the substrate layer.

On the substrates, in addition to the pixel electrodes 4 and
the counter electrode 5, wiring composed of an 1TO film or
an Al film, TFTs, and protective films composed of an SiO,
film or SiN, are provided in advance. On the counter
substrate 2, a color filter composed of, for example, an
acrylic-based or silicone-based polymer film is provided.
Spacers composed of an acrylic-based or silicone-based
polymer material are integrally formed with either the
substrate or the counter substrate so as to be provided
thereon. Of all the members described above, because the
distribution density of OH groups, which serve as adsorption
sites, is high on the surfaces of the Si0, or SiN, film, even
more of the silane-based compound molecules can be
adsorbed. Thus, it is made possible to form orientation films
that are excellent in terms of orientation characteristics. By
contrast, the distribution density of OH groups on the wiring
and the electrodes, which are composed of an 1TO film or an
Al film, the TFTs, and the like is low. As for the color filter
and the spacers, OH groups are almost nonexistent. Thus, in
order to adsorb a silane-based compound to the surfaces of
these members also and to form an orientation film having
high quality film characteristics, it is necessary to carry out
a hydrophilization treatment to increase the number of
adsorption sites. In the present embodiment, various known
methods may be employed for the hydrophilization treat-
ment. Specifically, examples include a method wherein an
Si0, or SiN, film is formed on regions to be made hydro-
philic, a UV—O0; treatment wherein ultraviolet is applied
under an ozone atmosphere, or the like.

Examples for the washing solution employed in the
washing step include a hydrocarbon-based solvent that does
not contain water, a fluorocarbon-based solvent, and a
silicone-based solvent. Examples usable for a petroleum-
based solvent include petroleum naphtha, solvent naphtha,
petroleum ether, petroleum benzene, isoparaflin, normal
paraffin, decalin, industrial gasoline, kerosene, ligroin, dim-
ethyl silicone, phenyl silicone, alkyl modified silicone, poly-
ester silicone, and the like. For a fluorocarbon-based solvent,
a flon-based solvent, Fluorinert (tradename, available from
3M), Afluid (tradename, available from Asahi Glass Co.,



US 7,307,683 B2

41

Ltd), or the like can be used. These solvents may be used
individually or by mixing two or more solvents together
supposing the solvents are compatible.

Embodiment 2-2

In the following, the present embodiment is described
with reference to FIGS. 6-10. Parts not essential to the
description have been omitted, and for the sake of conve-
nience in the description, some parts have been enlarged or
reduced.

An in-plane switching liquid crystal display element in
accordance with the present invention realizes an improve-
ment in response speed by the formation of first regions
capable of controlling the alignment of the liquid crystal by
means of the electric field components above the electrodes.
To form the first regions, the pretilt angle of liquid crystal
molecules above the electrodes is made larger than the pretilt
angle of liquid crystal molecules above the region between
the electrodes. Using FIG. 6, an in-plane switching mode
liquid crystal display element according to the present
invention is described below. FIG. 6 is a perspective view
schematically showing the IPS mode liquid crystal display
element. FIG. 7 is a plan view schematically showing
electrode pairs made up of a pixel electrode structure and a
counter electrode structure. FIG. 8 is a perspective view
schematically showing the orientation state of liquid crystal
molecules.

Aliquid crystal display element 110 has a substrate 101,
a counter substrate 102 opposed to the substrate 101, and a
liquid crystal layer 103 provided between the substrate 101
and the counter substrate 102. A glass substrate, for example,
may be used for the substrate 101 and the counter substrate
102.

On the inner side of the substrate 101, a pixel electrode
structure 104 and a counter electrode structure 105 serving
as pairs of electrodes are provided. An orientation film 106
for orienting liquid crystal molecules in the vicinity in the
same given direction is provided on the substrate having the
pixel electrode structure 104 and the counter electrode
structure 105. An orientation film 107 is provided on the
inner surface of the counter substrate 102 for orienting liquid
crystal molecules in the vicinity in the same given direction.

The pixel electrode structure 104, as shown in FIG. 7, has
a plurality of pixel electrode portions 104a and a connecting
electrode portion, the pixel electrode portions 1045 being
disposed so as to be parallel to one another. In other words,
the pixel electrode structure 104 is a comb-shaped electrode.
The counter electrode structure takes on the same form as
that of the pixel electrode structure; it has a plurality of
counter electrode portions 105a and a connecting electrode
portion 1055, the counter electrode portions being disposed
s0 as to be parallel to one another. The pixel electrode
structure and the counter electrode structure are interleaved
such that the pixel electrode portions and the counter elec-
trode portions alternate. For the pixel electrode structure and
the counter electrode structure, an electrode composed of,
for example, ITO (indium tin oxide) may be used.

The orientation film is composed of a group of adsorbed
molecules (thin film component molecules) that are chemi-
sorbed to the substrate surface and is a monomolecular
chemisorbed film having a construction such that a photo-
sensitive group portion of the adsorbed molecules is poly-
merized and fixed in a specified direction. In addition, the
thin film has a construction wherein the thin film compo-
nents are inclined and oriented in the direction shown by
arrow A in FIG. 4, and the photosensitive group portion is
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polymerized in the same direction. Thus, the orientation film
6 differs from orientation films intended for multidomain-
type displays in that the orientation controlling direction
induced in the liquid crystal molecules is the same for both
high pretilt angle regions 6a and a low pretilt angle region
6b. The thin film component molecules are adsorbed in a
state wherein the inclination angle of the thin film compo-
nent molecules (the angle formed by the long axis of the thin
film component molecules and the substrate surface) in the
high pretilt angle regions 6« is smaller than the inclination
angle of the thin film component molecules in the low pretilt
angle region 64.

The orientation film is a monomolecular chemisorbed film
wherein a group of adsorbed molecules are chemisorbed to
the substrate surface. The group of adsorbed molecules
includes at least adsorbed molecules having photosensitive
groups, the photosensitive group portion being polymerized
and fixed in a specified direction. Because the adsorbed
molecules are disposed in an orderly manner on the sub-
strate, an orientation film having excellent orientation uni-
formity is realized. In addition, because the thickness of the
film is the same as the length of the molecules due to the fact
that it is a monomolecular film, the thickness of the film can
be controlled very uniformly. Thus, it is made possible to
reduce degradation of display characteristics such as vari-
ances in driving voltages, sticking, and the like which arise
from unevenness in thickness. In employing an orientation
treatment carried out using a photoalignment method
described hereinafter, the dose of polarized ultraviolet light
may also be reduced. This is because the anisotropic light
reaction can be easily induced in a desired direction when
photosensitive groups are exposed on the outermost surface.
It should be noted that the orientation film 6 is not limited
to a monomolecular chemisorbed film, but that it is possible
to employ, for example, polymer orientation films composed
of polyvinyl, polyimide, or the like and having photosensi-
tive groups.

Cinnamoyl groups or chalconyl groups are suitable for the
photosensitive groups. By providing such photosensitive
groups, it is made possible to reduce the irradiation intensity
of polarized ultraviolet light when photoalignment treatment
is carried out and to shorten tact time. Chalconyl groups are
particularly sensitive to ultraviolet light, and thus an even
greater shortening of tact time can be realized. In addition,
the molecular structure of the adsorbed molecules may have
a linear hydrocarbon chain. When a linear hydrocarbon
chain is contained, silane-based compound molecules can be
disposed on a substrate in an orderly manner and adsorbed
at a high density, thereby making it possible to realize an
orientation film that is excellent in terms of orientation.

The orientation film, as is shown in FIG. 8, is made up of
high pretilt angle regions 106a that orient and control liquid
crystal molecules in the vicinity at a high pretilt angle and
a low pretilt angle region 1065 that orients and controls
liquid crystal molecules in the vicinity at a low pretilt angle.
The high pretilt angle regions 106a are provided so as to
match up with the pixel electrode portions 104a and the
counter electrode portions 1054. In the high pretilt angle
regions 106a, thin film component molecules are inclined
and oriented in the comb teeth direction of the comb
tooth-shaped pixel electrode portions (the direction shown
by arrow A in FIG. 8), and photosensitive group portions are
polymerized in the same direction. Thus, the orientation
controlling direction for the liquid crystal molecules is the
same as the comb teeth direction. On the other hand, the low
pretilt angle region 1065 is provided so as to match up with
the non-formation region in which the pixel electrode struc-
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ture 104 and the counter electrode 105 are not provided. In
addition, thin film component molecules in the low pretilt
angle region 1064 are inclined and oriented in the same
direction as thin film components in the high pretilt angle
regions 1064, and photosensitive group portions are poly-
merized in this same direction. In other words, the orienta-
tion controlling strength in the low pretilt angle region 1064
is provided so as to match up with the orientation controlling
strength of the high pretilt angle regions 106a. The thin film
component molecules are adsorbed in a state wherein the
inclination angle of the thin film component molecules (the
angle formed by the long axis of the thin film component
molecules and the substrate surface) in the high pretilt angle
regions 106a is smaller than the inclination angle of the thin
film component molecules in the low pretilt angle region
1065.

The liquid crystal layer 103 contains a liquid crystal
having a positive dielectric anisotropy and has a homoge-
neous orientation structure as a result of the controlling of
the orientation directions by the orientation films 106 and
107. In addition the liquid crystal layer 3 contains first
regions provided above the pixel electrode structure 104 and
the counter electrode structure 105 and a second region
provided between the pixel electrode portions 1054 and the
counter electrode portions 1054. The first regions are such
that liquid crystal molecules are oriented at a high pretilt
angle (o degrees) due to the orientation controlling of the
high pretilt angle regions 106a. The second region is such
that liquid crystal molecules are oriented at a low pretilt
angle (B degrees) due to the orientation controlling of the
low pretilt angle region 1065 (see FIG. 8).

Itis desirable that a be in the range of 1° to 10°. When less
than 1°, disclination is generated in liquid crystal molecules
under the influence of a transverse electric field. On the other
hand when greater than 10°, coloration is observed. It is
desirable that § be 10 or less. When greater than 1°,
coloration is observed. Specifically, o and f are set such that
a>p.

Referring to FIG. 9, the behavior of liquid crystal mol-
ecules 118 and 119 when an electric field is applied across
the liquid crystal layer 103 is now described. FIGS. 9(a)-9
(b) are cross sectional views schematically showing the
orientation state of liquid crystal molecules in the first
regions and the second region: FIG. 7(a) shows the state of
liquid crystal molecules when no voltage is being applied,
and FIG. 7(b) shows the state of liquid crystal molecules
when voltage 1s being applied. As is shown in FIG. 7(a),
when no voltage is being applied, a transverse electric field
is not generated between the pixel electrode portions 104a
and the counter electrode portions 1045, and the liquid
crystal molecules 118 and 119 accordingly line up and orient
in the same direction within a plane parallel to the substrate
101 and the counter electrode portions 102.

As is shown in FIG. 7(b), when voltage is being applied,
an electric field substantially parallel to the substrate 1
(transverse electric field) is generated, and thus, the liquid
crystal molecules 119, which have a positive dielectric
anisotropy, are such that their long axes line up in the
direction of the electric field and rotate within the plane. On
the other hand, above the pixel electrode portions 104a and
the counter electrode portions 1054, an electric field in a
substantially vertical direction or oblique direction (electric
field component above the electrodes) is generated. Thus,
liquid crystal molecules in the vicinity of the pixel electrode
portions 104a are oriented at a high pretilt angle. For this
reason, the long axes of the liquid crystal molecules 118 in
the central area of the liquid crystal layer 103 line up with
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the long axis of the electric field component direction above
the electrodes to change the orientation state. In the con-
ventional IPS mode, liquid crystal molecules above the
electrodes and liquid crystal molecules between the elec-
trodes are oriented in the same direction and at the same
pretilt angle. Therefore, when voltage is applied, because a
transverse electric field 1s generated between the electrodes,
it is not possible to change the alignment state of liquid
crystal above the electrodes. In other words, as a result of the
liquid crystal layer coming to have a plurality of regions in
which the liquid crystal transitions to a new alignment state
and a plurality of regions in which the liquid crystal remains
in the initial orientation state, at least in the boundary
portions between both regions, continuity in the alignment
state of the liquid crystal is not maintained and this is a factor
in deterioration of response. In contrast to this conventional
mode, in the present embodiment, the orientation state of
liquid crystal molecules above the pixel electrode structure
104 and the counter electrode structure 105 can be transi-
tioned, and thus even when voltage is being applied, conti-
nuity of the alignment state of liquid crystal at the boundary
portions between the first regions and the second region is
maintained. As a result, the transition of the liquid crystal
molecules 119 is much smoother, and it is thought that this
is linked to an improvement in response. In addition, com-
pared to conventional IPS mode liquid crystal display ele-
ments, the region of operation of the liquid crystal is
expanded, and as a result, if transparent electrodes com-
posed of ITO or the like are used for the pixel electrode
structure and the counter electrode structure, the utilization
efficiency of light is improved, making a much brighter
display possible.

A method of producing a liquid crystal display element 10
in accordance with the present invention is described. In this
example, for the orientation films, monomolecular thin films
composed of chemisorbed groups of silane-based compound
molecules are described.

First, pixel electrodes are formed on a substrate 1 by a
known method. A silane-based compound (chemisorption
substance) having at least a photosensitive group is then
dissolved in a nonaqueous organic solvent and a chemisorp-
tion solution is prepared. This chemisorption substance is
then contacted to the substrate 1 and the molecules of the
chemisorption substance in the chemisorption solution are
chemisorbed to the substrate surface.

For example, when a compound provided with a photo-
sensitive group and a trichlorosilane group, specifically
CH;—CH=CH—CO—CH,0—(CH,) «—0O—SiCl,, is
used for the silane-based compound, the chemisorption
reaction represented by chemical reaction formula (1)
occurs. In short, the chlorosilyl groups in the compound and
OH groups on the substrate surface undergo a dehydrochlo-
rination reaction, whereby the compound is chemisorbed to
the substrate surface.

CgHs—CH=CH—CO—CeH40—(CHy)s—0—
SiCl3+HO-substrate—C4Hs—CH=CH—CO—
CgH,O—(CH,)s—O—SiCl,—O-substrate+HCl 1)

Because the silane-based compound is highly reactive with
water, the silane-based compound is deactivated when con-
tained in a chemisorption solution having a lot of moisture.
Therefore, in order that the chemisorption reaction be made
to progress smoothly, it is desirable to use a nonaqueous
solvent that does not contain active hydrogen groups such as
OH groups and also to carry out the contacting of the
solution with the substrate surface in a dry atmosphere. In
addition, a portion of the silane-based compound may
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remain in an undissolved state. A chemisorption solution in
a supersaturated state is an example of such a solution.

When a polymer orientation film is used for the orienta-
tion film, a variety of known methods may be employed for
the method of forming the film. Specifically, a polymer
orientation film can be formed by applying, for example, an
orientation material containing a polymer precursor or the
like having a photosensitive group, to a substrate surface and
subsequently, drying and baking the substrate.

After the step of forming the orientation film, a step of
washing is carried out to remove unadsorbed silane-based
compound on the substrate and form a monomolecular
orientation film. Examples of washing methods that may be
employed in this step include an immersion method, a steam
washing method, and the like. The steam washing method is
particularly effective in that excess unadsorbed silane-based
compound on the front surface of the substrate can be
forcibly removed by the penetrating power of the steam. It
should be noted that when a chlorosilane-based compound,
a variety of silane-based compound, is used for the chemi-
sorption substance, it is desirable to use chloroform or
N-methyl-2-pyrrolidinone for the washing solution. This is
because chloroform is excellent for removing chlorosilane
polymer that is formed by the reaction between chlorosilane-
based compound and water.

After the step of washing, the substrate is then lifted from
the washing container and left to drain and dry in a fixed
upright position. Thus, the washing solution is drained only
in the direction of gravity, making it possible to temporarily
orient the chemisorbed molecules making up the thin film in
the draining and drying direction. In particular, washing
solutions having a boiling point of 200° C. or less are
desirable as these solutions have excellent drying properties
following draining. Another method of draining and orient-
ing applicable to the present embodiment entails spraying
gas on the substrate surface to bring about the draining of the
washing liquid. With this method, the washing solution can
be drained in a short period and only in the direction in
which the gas was sprayed. In particular, use of a washing
solution having a boiling point of 150° C. or higher is
effective because the washing solution can be drained by the
spraying of the gas without evaporation.

An orientation treatment (photoalignment with polarized
light step) is carried out on the orientation film formed on the
substrate by a photoalignment method. Unlike the conven-
tional rubbing treatment, this photoalignment method elimi-
nates the need for masking in which a protective film is used,
making it possible to simplify the production process and
prevent contamination and the like of the orientation film by
a protective film. There is also no generation of dust and the
like as there is when rubbing is carried out.

The orientation film is a thin film composed of a chemi-
sorbed group of silane-based compound molecules and has
a construction such that most of the thin film component
portion is exposed in an orderly manner on the surface. For
these reasons, the film is sensitive to polarized light and can
be provided with orientation anisotropy by low intensity
polarized light irradiation. In addition, because the orienta-
tion film is an ultrathin film, occurrence of driving voltage
loss, sticking, and the like is reduced, making it possible to
realize an improvement in display characteristics.

Specifically, photoalignment is brought about by the fol-
lowing method. FIG. 10 is a perspective view for illustrating
orientation treatment by photoalignment. As is shown in the
same figure, first, polarized ultraviolet light 121 having, for
example, a wavelength distribution in the neighborhood of
300 nm to 400 nm is applied, the perimeter portions of the
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pixel regions only being covered by a mask (not shown in
figure). The polarized ultraviolet light 121 (a second polar-
ized light) is applied in a direction that forms an angle of 61
with the substrate along the draining direction 123.

The non-formation region only is then covered with a
mask, and polarized light 122 (a first polarized light) is
applied to the formation regions. The polarized ultraviolet
light 122 is applied in a direction that forms an angle of 62
with the substrate along the draining direction 123.

The planes of polarization of the polarized ultraviolet
light 121 and 122 line up with the draining direction from
the draining step (in other words, with the thin film com-
ponent portion). The irradiation intensity of the polarized
ultraviolet light should be within the range of 50 mJ/cm? to
3000 mJ/em?® (wavelength: 365 nm). Specifically, when the
pretilt angle of the liquid crystal molecules is controlled by
the irradiation intensity of polarized ultraviolet light, it is
necessary that irradiation intensity be set such that the
irradiation intensity of the former polarized ultraviolet light
be smaller than the irradiation intensity of the latter polar-
ized ultraviolet light. The directions in which the polarized
ultraviolet light is applied are set so as to form, along the
draining direction, an angle of 01 and 62 within the range of
0° to 90° and more preferably within the range of 45° to 90°.
Specifically, when the pretilt angle of the liquid crystal
molecules is controlled by the irradiation intensity of polar-
ized ultraviolet light, it is necessary 1o set 81 formed by the
polarized ultraviolet light so as to be greater than 62 formed
by the polarized ultraviolet light. For example, FIG. 10
shows a case in which 01=45° and 62=90°.

In this way, by carrying out a photoalignment treatment
with polarized light, photosensitive groups in the thin film
component molecules of the orientation film 106 can be
selectively photopolymerized, making it possible to induce
crosslinking of the thin film components on the substrate
surface in a direction parallel to the polarization direction.
Furthermore, in the formation regions above pairs of parallel
electrodes, high pretilt angle regions 106a capable of con-
trolling the orientation of liquid crystal molecules at a high
pretilt angle may be formed, while in the region between the
electrodes, a low pretilt angle region 1065 capable of
controlling the orientation of liquid crystal molecules at a
low pretilt angle may be formed. In addition, by appropri-
ately setting the irradiation intensity of the polarized ultra-
violet light and the direction in which the polarized ultra-
violet light is applied, orientation films capable of
controlling the orientation of the liquid crystal molecules at
a specified pretilt angle can be consistently reproduced.

The substrate having the pixel electrode structure and the
counter electrode structure formed thereon and a counter
substrate 2 prepared separately are then positioned at a
specified distance with the film-formed sides on the inside,
and the perimeters of the substrates are adhered and fixed
together to fabricate an empty cell. A liquid crystal cell is
then fabricated by injecting a liquid crystal into the empty
cell, and subsequently, an IPS mode liquid crystal display
element of the present invention is fabricated by sandwich-
ing the liquid crystal cell between a pair of polarizers.

As described above, in the method of producing a liquid
crystal display element according to the present embodi-
ment, the carrying out of an orientation treatment by the
photoalignment method eliminates the need to form a pho-
toresist (protective film) by photolithography for the carry-
ing out of the conventional rubbing method. As a result,
along with realizing a simplification in the production pro-
cess, the formation and exfoliation of a photoresist becomes
unnecessary, making it possible to prevent degradation of
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the surface of the orientation films. Furthermore, the gen-
eration of dust, which was a problem with rubbing treat-
ment, does not arise with the photoalignment method, mak-
ing it possible to prevent contamination of the orientation
films.

In addition, with the photoalignment method, the fact that
the irradiation intensity of polarized ultraviolet light, the
polarization direction, and the direction of applied light can
be controlled makes it possible to carry out an orientation
treatment on the orientation films such that the orientation of
the liquid crystal molecules is controlled in a desired direc-
tion and at a desired pretilt angle. In comparison with
rubbing treatment, this orientation treatment can be repro-
duced very consistently, making it excellent for volume
production.

1f an orientation film is employed wherein groups of
silane-based compound molecules each having a photosen-
sitive group are adsorbed to the substrate surface, because
the orientation film is an ultrathin film, occurrence of driving
voltage loss, sticking, and the like is reduced, making it
possible to produce a liquid crystal display element having
improved display characteristics.

However, it is possible to perform the orientation treat-
ment on an orientation film without photosensitive groups
by a rubbing method. In such a case, it is sufficient to follow
the procedure of a known method, though it is desirable that
the rubbing direction substantially line up with the draining
direction. As the film component molecules will have been
oriented in the rubbing treatment direction in advance, the
rubbing treatment may be performed lightly, the rubbing
conditions having been eased in comparison to those of
conventional rubbing treatments. As a result, the generation
of dust is reduced. For an orientation film without photo-
sensitive groups, a polyimide without photosensitive groups,
for example, may be employed.

Examples of silane-based compounds usable for the
present embodiment include the compounds listed below.

(1 SiY,Cly,,

(2) CH5(CH,),8iY,Cl;,

(3) CH,(CH,),0(CH,)SiY Cl,

(4) CH,(CH,),—Si(CH,),(CH,),S1Y,Cl,

(5) CFCOO,(CH,),81Y Cl,

Note that p is an integer of 0-3, q is an integer of 0-2, r
is an integer of 1-25, s is an integer of 0-12, t is an integer
of 1-20, u is an integer of 0-12, v is an integer of 1-20, and
w is an integer of 1-25. In addition, Y is one of hydrogen, an
alkyl group, an alkoxyl group, a fluorine-containing alkyl
group, and a fluorine-containing alkoxyl group.

1tis also possible to use a trichlorosilane-based compound
for the silane-based compound. Specifically, the compounds
(6) to (14) shown below can be used.

(6) CF;(CH,)SiCl,

(7) CH,(CH,),0SiCl,

(8) CH,(CH,), Si(CH,),(CH,),,SiCl,

(9) CH,COO(CH,),sSiCI3

(10) CF(CE,),—(CIL),—SiCl,

(11) CF4(CF,),—CzH,—SiCl,

(12) CHs—CH=CH—CO—0—(CH,)s—0—SiCl,

(13)  CeHy—CO—CH=CH—C4H,0—(CH,);O—
Sicl,
(14)  C4H,—CH=CH—CO—C4H,0—(CH,);—O—
Sicl,

Of the compounds listed above, the compound repre-
sented by expression (12) has a cinnamoyl group for the
photosensitive group, and the compounds represented by the
expressions (13) and (14) have a chalconyl group for the
photosensitive group.
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Instead of the chlorosilane-based compound, it is also
possible to use an isocyanate-based compound having an
isocyanate group or an alkoxy group in place of the chlo-
rosilyl group. Specifically, examples include the compounds
represented by the expression (15) and (16) below in which
the chlorosilane group in the chlorosilane of expression (6)
is substituted with an isocyanate group or an alkoxy group.

(15) CH,(CH,),Si(OC;H)s

(16) CH,(CH,),Si(NCO),

By using an isocyanate-based compound or an alkoxy-
based compound, the generation of hydrochloric acid is
prevented when either of the compounds is contacted to a
substrate and chemisorption is brought about. For this rea-
son, TFTs or the like provided on the substrate are not
damaged, and there is the additional advantage that these
compounds are easy to use.

Examples for an organic solvent that dissolves silane-
based compounds include a hydrocarbon-based solvent that
does not contain water, a fluorocarbon-based solvent, and a
silicone-based solvent. Examples usable for a petroleum-
based solvent include petroleum naphtha, solvent naphtha,
petroleum ether, petroleum benzene, isoparaffin, normal
paraffin, decalin, industrial gasoline, kerosene, ligroin, dim-
ethyl silicone, phenyl silicone, alkyl modified silicone, poly-
ester silicone, and the like. For a fluorocarbon-based solvent,
a flon-based solvent, Fluorinert (tradename, available from
3M), Afluid (tradename, available from Asahi Glass Co.,
Ltd), or the like can be used. These solvents may be used
individually or by mixing two or more solvents together
supposing the solvents are compatible. In particular, silicone
has little moisture and does not easily absorb moisture, and
silicone serves to prevent direct contact of a chlorosilane-
based compound with moisture by solvation of the chlorosi-
lane-based compound. Thus, by employing a solvent that is
composed of a chlorosilane-based compound and silicone,
adverse effects caused by moisture in the atmosphere when
the solvent is contacted to a substrate layer are prevented,
making it possible to chemisorb the chlorosilane-based
compound to the exposed OH groups on the substrate layer.

On the substrate 101, in addition to the pixel electrode
structure 104 and the counter electrode structure 105, wiring
composed of an 1TO film or an Al film, TFTs, and protective
films composed of an SiO, film or SiN, are provided in
advance. On the counter substrate 105, a color filter com-
posed of, for example, an acrylic-based or silicone-based
polymer film is provided. Spacers composed of an acrylic-
based or silicone-based polymer material are integrally
formed with either the substrate or the counter substrate so
as to be provided thereon. Of all the members described
above, because the distribution density of OH groups, which
serve as adsorption sites, is high on the surfaces of the Si02
or SiN, film, even more of the silane-based compound
molecules can be adsorbed. Thus, it is made possible to form
orientation films that are excellent in terms of orientation
characteristics. By contrast, the distribution density of OH
groups on the wiring and the electrodes, which are com-
posed of an 1TO film or an Al film, the TFTs, and the like is
low. As for the color filter and the spacers, OH groups are
almost nonexistent. Thus, in order to adsorb a silane-based
compound to the surfaces of these members also and to form
an orientation film having high quality film characteristics,
it is necessary to carry out a hydrophilization treatment to
increase the number of adsorption sites. In the present
embodiment, various known methods may be employed for
the hydrophilization treatment. Specifically, examples
include a method wherein an SiO, or SiN, film is formed on
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regions to be made hydrophilic, a UV—O; treatment
wherein ultraviolet is applied under an ozone atmosphere, or
the like.

Examples for the washing solution employed in the
washing step include a hydrocarbon-based solvent that does
not contain water, a fluorocarbon-based solvent, and a
silicone-based solvent. Examples usable for a petroleum-
based solvent include petroleum naphtha, solvent naphtha,
petroleum ether, petroleum benzene, isoparaflin, normal
paraffin, decalin, industrial gasoline, kerosene, ligroin, dim-
ethyl silicone, phenyl silicone, alkyl modified silicone, poly-
ester silicone, and the like. For a fluorocarbon-based solvent,
a flon-based solvent, Fluorinert (tradename, available from
3M), Afluid (tradename, available from Asahi Glass Co.,
Ltd), or the like can be used. These solvents may be used
individually or by mixing two or more solvents together
supposing the solvents are compatible.

Supplementary Remarks

As for the pairs of electrodes in accordance with the
embodiment described above, dimension, material, shape,
relative positioning, and the like described hereinbefore,
where not particularly restricted, are illustrative only and are
not intended to limit the scope of the present invention.

For example, a comb-shaped electrode is given as an
example of pairs of electrodes, but an electrode bent alter-
nately in differing directions may also be emploved. It is
only necessary that the pixel electrode portions of the pixel
electrode structure and the counter electrode portions of the
counter electrode structure be positioned so as to be parallel
to one another. The case may also be applied wherein the
thickness of one of the electrodes of a pair and the thickness
of the other of the electrodes of the pair differ from one
another but are within the range of the thickness of the liquid
crystal layer.

In the description, an orientation film 107 is provided on
the inner side of the counter substrate 102, but it is also
possible that an orientation film 106 be provided only on the
substrate 101 in the present embodiment.

In the present embodiment, it was described that the
orientation films according to the present invention have a
high pretilt angle region, in which liquid crystal molecules
are initially oriented at a specified pretilt angle in a uniform
manner, and a low pretilt angle region, in which liquid
crystal molecules are initially oriented at a specified pretilt
angle in a uniform manner. However, the present embodi-
ment is not at all limited to this. For example, it is possible
to control the orientation of the liquid crystal molecules such
that the pretilt angle increases contiruously or progressively
toward the electrodes. Thus, the alignment state of the liquid
crystal at the boundary portion between the first regions and
the second region can be made much more continuous, the
transition between alignment states of the liquid crystal
when voltage is applied facilitated, and response even fur-
ther improved.

Embodiment 2-3

In the following, the present embodiment is described
with reference to FIGS. 11-12. Parts not essential to the
description have been omitted, and for the sake of conve-
nience in the description, some parts have been enlarged,
reduced, or the like.

An OCB mode liquid crystal display element in accor-
dance with the present invention uses orientation films
composed of thin film components having photosensitive
groups. High pretilt angle regions that orient liquid crystal
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molecules at a high pretilt angle are formed in the orientation
films, whereby transition seed generation regions are pro-
vided in the liquid crystal layer. By providing these transi-
tion seed generation regions, the generation of transition
seeds in the liquid crystal layer is ensured, and consequently,
the transition from splay alignment to bend alignment is
facilitated such that a reduction in the splay-bend transition
voltage is realized.

An OCB mode liquid crystal display element in accor-
dance with the present invention is now described using
FIG. 11. FIG. 11 is a perspective view schematically show-
ing the orientation state of liquid crystal molecules in one
pixel. In an orientation film 201 shown in the same figure,
there is a high pretilt angle region 2014 in the central portion
of the pixel region for orienting liquid crystal molecules at
a high pretilt angle and a low pretilt angle region 2015 for
orienting liquid crystal molecules at a low pretilt angle. By
providing the high pretilt angle region 201g¢, it is possible to
form, in a liquid crystal layer showing splay alignment, a
region having a large distortion in liquid crystal alignment,
in other words a transition seed generation region. As a
result, when voltage is applied, liquid crystal molecules in
the transition seed generation region rise first, ensuring the
generation of transition seeds. With the transition seeds as
the center, the region in a bend alignment state expands,
greatly facilitating the transition of the whole liquid crystal
layer from splay alignment to bend alignment.

It is desirable that the pretilt angle o of liquid crystal
molecules in the high pretilt angle region 201a be in the
range of 5° to 20°. When less than 5°, transition seeds cannot
be generated when a voltage is applied, and when higher
than 20°, disclination is generated. It is desirable that the
pretilt angle f§ in the low pretilt angle region 2015 be in the
range of 3° to 10°. When less than 3°, transition of the liquid
crystal in all areas of the pixel regions is not achieved. When
higher than 10°, coloration is observed. Specifically, o and
[ are set such that a>f.

The area of the high pretilt angle region 6a should be, for
example, approximately 10-1000 um?®. When the area is less
than 10 um?, the transition seed generation region cannot be
formed. On the other hand, when greater than 1000 pm?,
coloration arises. The orientation film is composed of a
group of adsorbed molecules (thin film component mol-
ecules) that are chemisorbed to the substrate surface and is
a monomolecular chemisorbed film having a construction
such that a photosensitive group portion of the adsorbed
molecules is polymerized and fixed in a specified direction.
In addition, the thin film has a construction wherein the thin
film component molecules of the orientation film 201 are
inclined and oriented in the direction shown by arrow A in
FIG. 12, and the photosensitive group portion is polymer-
ized in the same direction. Thus, the orientation film 201
differs from orientation films intended for multidomain-type
displays in that the orientation controlling direction induced
in the liquid crystal molecules is the same for both the high
pretilt angle region 201a and the low pretilt angle region
2014. The thin film component molecules are adsorbed in a
state wherein the inclination angle of the thin film compo-
nent molecules (the angle formed by the long axis of the thin
film component molecules and the substrate surface) in the
high pretilt angle region 201a is smaller than the inclination
angle of the thin film component molecules in the low pretilt
angle region 201b.

The orientation film 6 is a monomolecular chemisorbed
film wherein a group of adsorbed molecules are chemi-
sorbed to the substrate surface. The group of adsorbed
molecules includes at least adsorbed molecules having pho-
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tosensitive groups, the photosensitive group portion being
polymerized and fixed in a specified direction. Because the
adsorbed molecules are disposed in an orderly manner on
the substrate, an orientation film having excellent orientation
uniformity is realized. In addition, because the thickness of
the film is the same as the length of the molecules due to the
fact that it is a monomolecular film, the thickness of the film
can be controlled very uniformly. Thus, it is made possible
to reduce degradation of display characteristics such as
variances in driving voltages, sticking, and the like which
arise from unevenness in thickness. In employing an orien-
tation treatment carried out using a photoalignment method
described hereinafter, the dose of polarized ultraviolet light
may also be reduced. This is because the anisotropic light
reaction can be easily induced in a desired direction when
photosensitive groups are exposed on the outermost surface.
It should be noted that the orientation film 6 is not limited
to a monomolecular chemisorbed film, but that it is possible
10 employ, for example, polymer orientation films composed
of polyvinyl, polyimide, or the like and having photosensi-
tive groups.

Cinnamoyl groups or chalconyl groups are suitable for the
photosensitive groups. By providing such photosensitive
groups, it is made possible to reduce the irradiation intensity
of polarized ultraviolet light when photoalignment treatment
is carried out and to shorten tact time. Chalconyl groups are
particularly sensitive to ultraviolet light, and thus an even
greater shortening of tact time can be realized. In addition,
the molecular structure of the adsorbed molecules may have
a linear hydrocarbon chain. When a linear hydrocarbon
chain is contained, silane-based compound molecules can be
disposed on a substrate in an orderly manner and adsorbed
at a high density, thereby making it possible to realize an
orientation film that is excellent in terms of orientation. It
should be noted that while the orientation film 201 has been
described, for the most part, the same applies to the orien-
tation film provided on the counter substrate side.

In FIG. 11, the planar shape of the high pretilt region 201«
1s rectangular, but the present invention is not limited to this.
For example, the planar shape may be circular. It is sufficient
that at least one high pretilt region be provided in the entire
display portion of each of the pixels and the like.

A method of producing a liquid crystal display element 10
in accordance with the present invention is described. In this
example, for the orientation films, monomolecular thin films
composed of chemisorbed groups of silane-based compound
molecules are described.

First, pixel electrodes are formed on a substrate 1 by a
known method. A silane-based compound (chemisorption
substance) having at least a photosensitive group is then
dissolved in a nonaqueous organic solvent and a chemisorp-
tion solution is prepared. This chemisorption substance is
then contacted to the substrate 1 and the molecules of the
chemisorption substance in the chemisorption solution are
chemisorbed to the substrate surface.

For example, when a compound provided with a photo-
sensitive group and a trichlorosilane group, specifically
C¢Hs—CH=CH—CO—CH,0—(CH,)s—0—SiCl;, is
used for the silane-based compound, the chemisorption
reaction represented by chemical reaction formula (1)
occurs. In short, the chlorosilyl groups in the compound and
OH groups on the substrate surface undergo a dehydrochlo-
rination reaction, whereby the compound is chemisorbed to
the substrate surface.

CgHs—CH=CH—CO—CH,0—(CH,)s—O0—
SiCl,+HO-substrate—+C,H,—CH—CH—CO—

CeH,0—(CH,)s—0—SiCl,—O-substrate+HCI 1
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Because the silane-based compound is highly reactive
with water, the silane-based compound is deactivated when
contained in a chemisorption solution having a lot of mois-
ture. Therefore, in order that the chemisorption reaction be
made to progress smoothly, it is desirable to use a nonaque-
ous solvent that does not contain active hydrogen groups
such as OH groups and also to carry out the contacting of the
solution with the surface of substrate in a dry atmosphere. In
addition, a portion of the silane-based compound may
remain in an undissolved state. A chemisorption solution in
a supersaturated state is an example of such a solution.

When a polymer orientation film is used for the orienta-
tion film, a variety of known methods may be employed for
the method of forming the film. Specifically, a polymer
orientation film can be formed by applying, for example, an
orientation material containing a polymer precursor or the
like having a photosensitive group, to a substrate surface and
subsequently, drying and baking the substrate.

After the step of forming the orientation film, a step of
washing is carried out to remove unadsorbed silane-based
compound on the substrate and form a monomolecular
orientation film. Examples of washing methods that may be
employed in this step include an immersion method, a steam
washing method, and the like. The steam washing method is
particularly effective in that excess unadsorbed silane-based
compound on the front surface of the substrate can be
forcibly removed by the penetrating power of the steam. It
should be noted that when a chlorosilane-based compound,
a variety of silane-based compound, is used for the chemi-
sorption substance, it is desirable to use chloroform or
N-methyl-2-pyrrolidinone for the washing solution. This is
because chloroform is excellent for removing chlorosilane
polymer that is formed by the reaction between chlorosilane-
based compound and water.

After the step of washing, the substrate is then lifted from
the washing container and left to drain and dry in a fixed
upright position. Thus, the washing solution is drained only
in the direction of gravity, making it possible to temporarily
orient the chemisorbed molecules making up the thin film in
the draining and drying direction. In particular, washing
solutions having a boiling point of 200° C. or less are
desirable as these solutions have excellent drying properties
following draining. Another method of draining and orient-
ing applicable to the present embodiment entails spraying
gas on the substrate surface to bring about the draining of the
washing liquid. With this method, the washing solution can
be drained in a short period and only in the direction in
which the gas was sprayed. In particular, use of a washing
solution having a boiling point of 150° C. or higher is
effective because the washing solution can be drained by the
spraying of the gas without evaporation.

An orientation treatment (photoalignment with polarized
light step) is carried out on the orientation film formed on the
substrate by a photoalignment method. FIG. 12 is a perspec-
tive view illustrating orientation treatment by a photoalign-
ment method. Unlike the conventional rubbing treatment,
this photoalignment method eliminates the need for masking
in which a protective film is used, making it possible to
simplify the production process and prevent contamination
and the like of the orientation film by a protective film. There
is also no generation of dust and the like as there is when
rubbing is carried out.

The orientation film 201 is a thin film composed of a
chemisorbed group of silane-based compound molecules
and has a construction such that most of the thin film
component portion is exposed in an orderly manner on the
surface. For these reasons, the film is sensitive to polarized
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light and can be provided with orientation amsotropy by low
intensity polarized light irradiation. ln addition, because the
orientation film is an ultrathin film, occurrence of driving
voltage loss, sticking, and the like is reduced, making it
possible to realize an improvement in display characteris-
tics.

Specifically, photoalignment is brought about by the fol-
lowing method. F1G. 12 is a perspective view for illustrating
orientation treatment by photoalignment. As is shown in the
same figure, first, polarized ultraviolet light 203 having, for
example, a wavelength distribution in the neighborhood of
300 nm to 400 nm is applied, only a region 2024, where a
high pretilt angle region 201a is to be formed, being covered
by a mask (not shown in figure). The polarized ultraviolet
light 203 is applied in a direction that forms an angle of 61
with the substrate along the draining direction 205.

Polarized ultraviolet light 204 is applied to the region
202¢, while only a region where a low pretilt region 2015 is
to be formed is covered by a mask. The polarized ultraviolet
light 204 is applied in a direction that forms an angle of 62
with the substrate along the draining direction 205.

The planes of polarization of the polarized ultraviolet
light line up with the draining direction from the draining
step (in other words, with the thin film component portion).
The irradiation intensity of the polarized ultraviolet light
should be within the range of 50 mJ/cm? to 3000 mJ/cm?
(wavelength: 365 nm). Specifically, when the pretilt angle of
the liquid crystal molecules is controlled by the irradiation
intensity of polarized ultraviolet light, it is necessary that
irradiation intensity be set such that the irradiation intensity
of the former polarized ultraviolet light be smaller than the
irradiation intensity of the latter polarized ultraviolet light.
The directions in which the polarized ultraviolet light is
applied are set so as to form, along the draining direction, an
angle of 61 and 02 within the range of 0° to 90° and more
preferably within the range of 45° to 90°. Specifically, when
the pretilt angle of the liquid crystal molecules is controlled
by the irradiation intensity of polarized ultraviolet light, it is
necessary to set 01 formed by the polarized ultraviolet light
s0 as to be greater than 62 formed by the polarized ultra-
violet light. For example, F1G. 5 shows a case in which
01=45° and 02=90°.

In this way, by carrying out a photoalignment treatment
with polarized light, photosensitive groups in the thin film
component molecules of the orientation film can be selec-
tively photopolymerized, making it possible to induce
crosslinking of the thin film components on the substrate
surface in a direction parallel to the polarization direction.
Furthermore, in the formation region of a pair of parallel
electrodes, a high pretilt angle region capable of controlling
the orientation of liquid crystal molecules at a high pretilt
angle may be formed, while in the non-formation region, a
low pretilt angle region capable of controlling the orienta-
tion of liquid crystal molecules at a low pretilt angle may be
formed. In addition, by appropriately setting the irradiation
intensity of the polarized ultraviolet light and the direction
in which the polarized ultraviolet light is applied, orientation
films capable of controlling the orientation of the liquid
crystal molecules at a specified pretilt angle can be consis-
tently reproduced.

The substrate 1 and the counter substrate 2 are then
positioned at a specified distance with the film-formed sides
on the inside, and the perimeters of the substrates are
adhered and fixed together to fabricate an empty cell. A
liquid crystal cell is then fabricated by injecting a liquid
crystal into the empty cell, and subsequently, a TN mode
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liquid crystal display element of the present invention is
fabricated by sandwiching the liquid crystal cell between a
pair of polarizers.

As described above, in the method of producing a liquid
crystal display element according to the present embodi-
ment, the carrying out of an orientation treatment by the
photoalignment method eliminates the need to form a pho-
toresist (protective film) by photolithography for the carry-
ing out of the conventional rubbing method. As a result,
along with realizing a simplification in the production pro-
cess, the formation and exfoliation of a photoresist becomes
unnecessary, making it possible to prevent degradation of
the surface of the orientation films. Furthermore, the gen-
eration of dust, which was a problem with rubbing treat-
ment, does not arise with the photoalignment method, mak-
ing it possible to prevent contamination of the orientation
films.

In addition, with the photoalignment method, the fact that
the irradiation intensity of polarized ultraviolet light, the
polarization direction, and the direction of applied light can
be controlled makes it possible to carry out an orientation
treatment on the orientation films such that the orientation of
the liquid crystal molecules is fixed in a desired direction
and at a desired pretilt angle. 1n comparison with rubbing
treatment, this orientation treatment can be reproduced very
consistently, making it excellent for volume production.

If an orientation film is employed wherein groups of
silane-based compound molecules each having a photosen-
sitive group are adsorbed to the substrate surface, because
the orientation film is an ultrathin film, occurrence of driving
voltage loss, sticking, and the like is reduced, making it
possible to produce a liquid crystal display element having
improved display characteristics.

However, it is possible to perform the orientation treat-
ment on an orientation film without photosensitive groups
by a rubbing method. In such a case, it is sufficient to follow
the procedure of a known method, though it is desirable that
the rubbing direction substantially line up with the draining
direction. As the film component molecules will have been
oriented in the rubbing treatment direction in advance, the
rubbing treatment may be performed lightly, the rubbing
conditions having been eased in comparison to those of
conventional rubbing treatments. As a result, the generation
of dust is reduced. For an orientation film without photo-
sensitive groups, a polyimide without photosensitive groups,
for example, may be employed.

Examples of silane-based compounds usable for the
present embodiment include the compounds listed below.

(1) 8iY,Cl,,

(2) CH,(CH,),S8iY Cl,

(3) CH;(CH,),0(CH,)SiY Cl,

(4) CH,(CH,),—Si(CH,),(CH,),S1Y Cl,,

(5) CFCOO4(CH,), SiY Cl,,

Note that p is an integer of 0-3, q is an integer of 0-2, r
is an integer of 1-25, s 1s an integer of 0-12, t is an integer
of 1-20, u is an integer of 0-12, v is an integer of 1-20, and
w is an integer of 1-25. In addition, Y is one of hydrogen, an
alkyl group, an alkoxyl group, a fluorine-containing alkyl
group, and a fluorine-containing alkoxyl group.

1t is also possible to use a trichlorosilane-based compound
for the silane-based compound. Specifically, the compounds
(6) to (14) shown below can be used.

(6) CF5(CH,),SiCl,

(7) CH,(CH,),08iCl,

(8) CH,(CH,)4Si(CH,)5(CH,),,SiCl,

(9) CH;COO(CH,), 5SiCl,

(10) CF4(CF2),—(CH,),—SiCl,
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(11) CF4(CF,),—C¢H,—SiCl,
(12) CH—CH=CH—CO—0—(CH,),—O0—SiCl,

(13)  C.Hy—CO—CH=CH—CH,0—(CH,)s—O—
SiCl,
(14)  C Hy—CH=CH—CO—C,H,0—(CH,)s—O—
SiCl,

Of the compounds listed above, the compound repre-
sented by expression (12) has a cinnamoyl group for the
photosensitive group, and the compounds represented by the
expressions (13) and (14) have a chalconyl group for the
photosensitive group.

Instead of the chlorosilane-based compound, it is also
possible to use an isocyanate-based compound having an
isocyanate group or an alkoxy group in place of the chlo-
rosilyl group. Specifically, examples include the compounds
represented by the expression (15) and (16) below in which
the chlorosilane group in the chlorosilane of expression (6)
is substituted with an isocyanate group or an alkoxy group.

(15) CH;(CH,)4Si(OC, Hy),

(16) CH,(CH,),Si(NCO),

By using an isocyanate-based compound or an alkoxy-
based compound, the generation of hydrochloric acid is
prevented when either of the compounds is contacted to a
substrate and chemisorption is brought about. For this rea-
son, TFTs or the like provided on the substrate are not
damaged, and there is the additional advantage that these
compounds are easy to use.

Examples for an organic solvent that dissolves silane-
based compounds include a hydrocarbon-based solvent that
does not contain water, a fluorocarbon-based solvent, and a
silicone-based solvent. Examples usable for a petroleum-
based solvent include petroleum naphtha, solvent naphtha,
petroleum ether, petroleum benzene, isoparaflin, normal
paraffin, decalin, industrial gasoline, kerosene, ligroin, dim-
ethyl silicone, phenyl silicone, alkyl modified silicone, poly-
ester silicone, and the like. For a fluorocarbon-based solvent,
a flon-based solvent, Fluorinert (tradename, available from
3M), Afluid (tradename, available from Asahi Glass Co.,
Ltd), or the like can be used. These solvents may be used
individually or by mixing two or more solvents together
supposing the solvents are compatible. 1n particular, silicone
has little moisture and does not easily absorb moisture, and
silicone serves to prevent direct contact of a chlorosilane-
based compound with moisture by solvation of the chlorosi-
lane-based compound. Thus, by employing a solvent that is
composed of a chlorosilane-based compound and silicone,
adverse eflects caused by moisture in the atmosphere when
the solvent is contacted to a substrate layer are prevented,
making it possible to chemisorb the chlorosilane-based
compound to the exposed OH groups on the substrate layer.

On the substrates, in addition to the pixel electrodes and
the counter. electrode, wiring composed of an 1TO film or an
Al film, TFTs, and protective films composed of an Si0, film
or SiN, are provided in advance. On the counter substrate, a
color filter composed of, for example, an acrylic-based or
silicone-based polymer film is provided. Spacers composed
of an acrylic-based or silicone-based polymer material are
integrally formed with either the substrate or the counter
substrate so as to be provided thereon. Of all the members
described above, because the distribution density of OH
groups, which serve as adsorption sites, 1s high on the
surfaces of the SiO, or SiN,, film, even more of the silane-
based compound molecules can be adsorbed. Thus, it is
made possible to form orientation films that are excellent in
terms of orientation characteristics. By contrast, the distri-
bution density of OH groups on the wiring and the elec-
trodes, which are composed of an 1TO film or an Al film, the
TFTs, and the like is low. As for the color filter and the
spacers, OH groups are almost nonexistent. Thus. in order to
adsorb a silane-based compound to the surfaces of these
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members also and to form an orientation film having high
quality film characteristics, it is necessary to carry out a
hydrophilization treatment to increase the number of adsorp-
tion sites. In the present embodiment, various known meth-
ods may be employed for the hydrophilization treatment.
Specifically, examples include a method wherein an SiO, or
SiN, film is formed on regions to be made hydrophilic, a
UV—O treatment wherein ultraviolet is applied under an
ozone atmosphere, or the like.

Examples for the washing solution employed in the
washing step include a hydrocarbon-based solvent that does
not contain water, a fluorocarbon-based solvent, and a
silicone-based solvent. Examples usable for a petroleum-
based solvent include petroleum naphtha, solvent naphtha,
petroleum ether, petroleum benzene, isoparaflin, normal
paraffin, decalin, industrial gasoline, kerosene, ligroin, dim-
ethyl silicone, phenyl silicone, alkyl modified silicone, poly-
ester silicone, and the like. For a fluorocarbon-based solvent,
a flon-based solvent, Fluorinert (tradename, available from
3M), Afluid (tradename, available from Asahi Glass Co.,
Ltd), or the like can be used. These solvents may be used
individually or by mixing two or more solvents together
supposing the solvents are compatible.

Example 2

First, for the formation of orientations films, a solution for
the fabrication of orientation films was prepared. Specifi-
cally, C;Hs—CH=CH—CO—0—(CH,),—0—SiCl, was
mixed and dissolved in hexamethyldisiloxane under a dry
atmosphere to form a 107> mol/L solution. As shown in F1G.
2(a), a substrate for TN mode, pixel electrodes having been
formed thereon in advance, was provided and the solution
described above applied to the substrate surface under a dry
atmosphere (relative humidity of 5% or less). A printing
press was used in the application. The thickness of the
applied film was made to be approximately 1 um. After the
hexamethyldisiloxane contained in the applied film was
evaporated, the substrate was then baked for a specified
length of time to form an orientation film (see F1G. 2(b)).

The substrate having an orientation film formed thereon
was then immersed in chloroform, a nonaqueous solvent,
and the substrate was washed (washing step, see F1G. 2(c)).
In a fixed upright position, the substrate was then lifted from
the chloroform and the chloroform was drained (draining
orientation step, see F1G. 2(d)). The draining direction was
made to be parallel to the direction of the long side of the
comb-shaped electrode portions provided on the substrate.
Thus, molecules making up the orientation film were
inclined in the draining direction, the direction opposite to
the direction of lifting, and oriented accordingly.

After the draining orientation step, polarized ultraviolet
light was applied utilizing masking with a photomask.
Specifically, each pixel region (80 pmx240 um) was sepa-
rated into an inner region (50 umx210 pm) and a rectangular
frame-shaped region (perimeter portion), and polarized
ultraviolet light applied with the rectangular frame-shaped
region being masked. The polarization direction of the
ultraviolet light was lined up with the draining direction, and
the direction of the applied light was set so as to be
perpendicular to the substrate surface along the draining
direction. Irradiation intensity was set at 400 mJ/cm>.

Using a photomask differing from the photomask used
above, the inner region was masked and polarized ultraviolet
light again applied. The polarization direction of the ultra-
violet light was lined up with the draining direction, but the
direction of the applied light was set so as to form a 45°
angle with the substrate surface along the draining direction.
Irradiation intensity was set at 400 mJ/cm>.
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An orientation film for the counter substrate having a high
pretilt angle region and a low pretilt angle region was
fabricated by carrying out each of the steps in sequence.

Spacers were then dispersed on one of the substrates and
sealing material was applied on the perimeter of one of the
substrates so that the application formation was a frame
shape. The substrate and the counter substrate were then
adhered together. In this process, the orientation treatment
direction of the orientation film provided on one substrate
and the orientation treatment direction of the orientation film
provided on the counter substrate were positioned so as to
form an angle of 90°.

A liquid crystal material was then injected between the
substrate and the counter substrate to form a liquid crystal
display element C of the present invention.

Comparative Example 2

In the present comparative example 2, the irradiation of
the substrates with polarized ultraviolet light was such that
the polarization direction of the ultraviolet light was lined up
with the draining direction, and except that light was applied
without using a photomask in a direction perpendicular to
the substrate surfaces along the draining direction, a liquid
crystal display element D for comparison was fabricated in
the same manner as the element of example 2.

Comparative Example 3

In the present comparative example 3, the irradiation of
both substrates with polarized ultraviolet light was such that
the polarization direction of the ultraviolet light was lined up
with the draining direction, and except that light was applied
without using a photomask in a direction forming an angle
of 45° with the substrate surfaces along the draining direc-
tion, a liquid crystal display element E for comparison was
fabricated in the same manner as the element of example 2.

Conditions of Film Fabrication and Display Characteristics

In addition to measuring the pretilt angles of the liquid
crystal display element C for comparison and the liquid
crystal display element E for comparison, respectively,
orientation defects of liquid crystal during operation, hue,
and viewing angle were observed. The results are shown in
Table 2.

TABLE 2

Liquid crystal display element

C D E
Pretilt angle Inner regions: 3 3 3
Transverse electric
field suppressing
regions: 5
Liquid crystal  None Transverse None
orientation electric field
defects during disclination
operation generation
Hue Good Good Not so good
Viewing angle Good Symmetrical ~ Nonsymumetrical

As is understood from Table 2, in the liquid crystal display
element C of the present invention, the pretilt angle of liquid
crystal molecules in the transverse electric field suppressing
regions was approximately 5°. The pretilt angle of liquid
crystal molecules in the other region, the inner region, was
approximately 3°. During operation, there were no orienta-
tion defects, hue was good, and viewing angle characteris-
tics, including symmetry of the viewing angle, were excel-
lent.

10

15

20

25

30

35

40

45

50

55

60

65

58

By contrast, in the liquid crystal display element D for
comparison, the pretilt angle of liquid crystal molecules was
approximately 3° in all regions of the pixel electrodes.
Although hue and viewing angle were good, transverse
electric field disclination generation was confirmed around
the edges of the pixel electrodes, ie. in the perimeter
portions of the pixel regions. As for the liquid crystal display
element E for comparison, the pretilt angle of liquid crystal
molecules was approximately 5° in all regions of the pixel
electrodes. Transverse electric field disclination was gener-
ated in the perimeter portions of the pixel regions, hue was
not so good, and viewing angle characteristics, including
lack of symmetry of viewing angle, were not good. Thus, it
is shown that the liquid crystal display element C of the
present invention is superior to the liquid crystal display
elements D and E for comparison produced by conventional
production methods in that the generation of orientation
defects caused by a transverse electric field are prevented
and hue and viewing angle characteristics are excellent.

Example 3

First, for the formation of orientation films, a solution for
the fabrication of orientation films was prepared. Specifi-
cally, C,Hs—CH=CH—CO—0—(CH,)s—0—SiCl; was
mixed and dissolved in hexamethyldisiloxane under a dry
atmosphere to form a 10> mol/L solution.

As is shown in FIG. 2(a), a substrate for IPS mode was
provided and the solution described above applied to the
substrate surface under a dry atmosphere (relative humidity
of 5% or less). A printing press was used in the application.
The thickness of the applied film was made to be approxi-
mately 1 pm. After the hexamethyldisiloxane contained in
the applied film was evaporated, the substrate was then
baked for a specified length of time to form an orientation
film (see FIG. 2()).

The substrate having an orientation film formed thereon
was then immersed in chloroform, a nonaqueous solvent,
and the substrate was washed (washing step, see FI1G. 2(c)).
In a fixed upright position, the substrate was then lifted from
the chloroform and the chloroform was drained (draining
orientation step, see FIG. 2(d)). The draining direction was
made to be parallel to the direction of the long side of the
comb-shaped electrode portions provided on the substrate.
Thus, molecules making up the orientation film were
inclined in the draining direction, the direction opposite to
the direction of lifting, and oriented accordingly.

After the draining orientation step, polarized ultraviolet
light was applied utilizing masking with a photomask.
Specifically, comb-shaped electrode formation regions were
masked by a photomask and polarized ultraviolet light was
applied. The polarization direction of the ultraviolet light
was lined up with the draining direction, and the direction of
the applied light was set so as to be perpendicular to the
substrate surface along the draining direction. Irradiation
intensity was set at 400 mJ/cm”.

Using a photomask differing from the photomask used
above, the region other than the comb-shaped electrode
formation regions was masked, and polarized ultraviolet
light was again applied. The polarization direction of the
ultraviolet light was lined up with the draining direction, but
the direction of the applied light was set so as to form a 45°
angle with the substrate surface along the draining direction.
Irradiation intensity was set at 400 ml/cm?.

An orientation film for the counter substrate having high
pretilt angle regions and a low pretilt angle region was
fabricated by carrying out each of the steps in sequence.

Spacers were then dispersed on one of the substrates and
sealing material was applied on the perimeter of one of the
substrates so that the application formation was a frame
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shape. The substrate and the counter substrate were then
adhered together. In this process, the orientation treatment
direction of the orientation film provided in one substrate
and the orientation treatment direction of the orientation film
provided in the counter substrate were positioned so as to
form an angle of 90°.

A liquid crystal material was then injected between the
substrate and the counter substrate to form a liquid crystal
display element F of the present invention.

Comparative Example 4

In the present comparative example 4, the irradiation of
the substrates with polarized ultraviolet light was such that
the polarization direction of the ultraviolet light was lined up
with the draining direction, and except that light was
applied, without using a photomask, in a direction perpen-
dicular to the substrate surfaces along the draining direction,
a liquid crystal display element G for comparison was
fabricated in the same manner as the element of example 3.

Conditions of Film Fabrication and Display Characteristics

Pretilt angle and response speed of the liquid crystal
during operation were measured in the liquid crystal display
element F of the present invention and in the liquid crystal
display element G for comparison, respectively. The results
are shown in Table 3. Note that response speed was obtained
by measuring the response time for a change in transmis-
sivity from 10% to 90%.

TABLE 3
Liquid crystal display
element
F G
Pretilt angle (degrees) Formation regions: 5 3

Non-formation region: 3

Response speed (ms) 30 40

As is understood from Table 3, in the liquid crystal display
element F of the present invention, the pretilt angle of the
liquid crystal molecules in the comb-shaped electrode non-
formation regions was approximately 5°. The pretilt angle of
liquid crystal molecules in the comb-shaped electrode non-
formation region was approximately 3°. Response speed
was approximately 30 ms. By contrast, in the liquid crystal
display element G for comparison, the pretilt angle of liquid
crystal molecules of the substrate having the comb-shaped
electrodes and that of liquid crystal molecules of the sub-
strate having the counter electrode was approximately 3°.
Response speed was approximately 40 ms. Thus, it is shown
that the liquid crystal display element F of the present
invention is superior to the liquid crystal element G for
comparison produced by a conventional production method
in terms of response speed.

Example 4

First, for the formation of orientation films, a solution for
the fabrication of orientation films was prepared. Specifi-
cally, C;{H,—CH=CH—CO—0—(CH,),—0—SiCl, was
mixed and dissolved in hexamethyldisiloxane under a dry
atmosphere to form a 107> mol/L solution.

As shown in FIG. 2(a), a substrate for TN mode, pixel
electrodes having been formed thereon in advance, was
provided and the solution described above applied to the
substrate surface under a dry atmosphere (relative humidity
of 5% or less). A printing press was used in the application.
The thickness of the applied film was made to be approxi-
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mately 1 pm. After the hexamethyldisiloxane contained in
the applied film was evaporated, the substrate was then
baked for a specified length of time to form an orientation
film (see FIG. 2(b)).

The substrate having an orientation film formed thereon
was then immersed in chloroform, a nonaqueous solvent,
and the substrate was washed (washing step, see FIG. 2(c)).
In a fixed upright position, the substrate was then lifted from
the chloroform and the chloroform was drained (draining
orientation step, see FIG. 2(d)). The draining direction was
made to be parallel to the direction of the long side of the
comb-shaped electrode portions provided on the substrate.
Thus, molecules making up the orientation film were
inclined in the draining direction, the direction opposite to
the direction of lifting, and oriented accordingly.

After the draining orientation step, polarized ultraviolet
light was applied utilizing masking with a photomask.
Specifically, a center portion (20 umx20 pm) of each pixel
region (80 umx240 pum) was masked, and polarized ultra-
violet light applied. The polarization direction of the ultra-
violet light was lined up with the draining direction, and the
direction of the applied light was set so as to be perpen-
dicular to the substrate surface along the draining direction.
Trradiation intensity was set at 400 mJ/cm?.

Using a photomask differing from the photomask used
above, the inner region was masked and polarized ultraviolet
light again applied. The polarization direction of the ultra-
violet light was lined up with the draining direction, but the
direction of the applied light was set so as to form a 45°
angle with the substrate surface along the draining direction.
Irradiation intensity was set at 400 mJ/cm?>.

An orientation film for the counter substrate having a high
pretilt angle region and a low pretilt angle region was
fabricated by carrying out each of the steps in sequence.

Spacers were then dispersed on one of the substrates and
sealing material was applied on the perimeter of one of the
substrates so that the application formation was a frame
shape. The substrate and the counter substrate were then
adhered together. A liquid crystal material was then injected
between the substrate and the counter substrate to form a
liquid crystal display element H of the present invention.

Comparative Example 5

In the present comparative example 5, the irradiation of
the substrates with polarized ultraviolet light was such that
the polarization direction of the ultraviolet light was lined up
with the draining direction, and except that light was
applied, without using a photomask, in a direction perpen-
dicular to the substrate surfaces along the draining direction,
a liquid crystal display element 1 for comparison was
fabricated in the same manner as the element of example 4.

Comparative Example 6

In the present comparative example 6, orientation films
were formed on the substrates in the same manner as those
of example 4 except that rubbing treatment was carried out
instead of a photoalignment method. After masking a center
portion (20 umx20 pm) of each pixel region (80 pmx240
pm), the surface was rubbed at a speed of 500 m/min. in the
draining direction and the direction opposite to the draining
direction to a groove depth of 0.1 mm. Thus, orientation
films having transition seeds were formed on the substrates.
Using these substrates, a liquid crystal display element J was
fabricated in the same manner as the element of example 4.

Conditions of Film Fabrication and Display Characteristics

Along with measuring pretilt angle in the liquid crystal
display element H of the present invention and in the liquid
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crystal display element I for comparison, respectively, the
splay-bend transition voltage of each was measured. Using
a polarized light microscope, the orientation uniformity of
the liquid crystal during operation, in other words, the
degree of unevenness in brightness, was observed. The
results are shown in Table 4. Orientation uniformity was
evaluated as good in the case of uniform and good brightness
and as fair in the case of somewhat non-uniform brightness.

TABLE 4

Liguid crystal display element

H I I
Pretilt angle Transition seed 2 Transition seed
(degrees) regions: 7 regions: 5
Other regions: 2 Other regions: 3
Splay-bend 20 26 21
transition
voltage (V)
Orientation Transition seed  All regions of Transition seed
uniformity regions: good pixels: good regions: good

Other regions:
good

Other regions:
fair

As is understood from Table 4, in the liquid crystal display
element H of the present invention and the liquid crystal
display element J for comparison, transition seed regions in
which liquid crystal molecules have a pretilt angle of
approximately 7° and 5°, respectively, were formed. When
voltage was applied and each of the liquid crystal display
elements driven, it was shown that the liquid crystal display
element H of the present invention had a lower splay-bend
transition voltage than the liquid crystal display elements H
and I for comparison.

In addition, the liquid crystal display element H of the
present invention, which employed a photoalignment
method for the orientation treatment, showed superior ori-
entation uniformity in both the transition angle regions and
the other regions in comparison to the liquid crystal display
element J for comparison in which rubbing treatment was
employed. This was achieved by the liquid crystal display
element H of the present invention because deterioration of
the orientation film boundary surface was prevented, as it
was not necessary to remove a resist or the like.

EXAMPLES OF THE THIRD INVENTION
GROUP

Embodiment 3

The present embodiment provides a liquid crystal display
element having excellent display characteristics achieved by
making the anchoring energy of orientation films with
respect to liquid crystal molecules different from one
another, the orientation films being provided on two oppos-
ing substrates.

In the present embodiment, this is achieved by applying
polarized light under varying irradiation conditions, specifi-
cally, by applying polarized light of varying irradiation
intensity and at varying angles with the substrates. Different
irradiation intensities of polarized light cause different
degrees of crosslinking and breaking up of crosslinking
among molecules having photosensitive groups. Thus, ori-
entation films that induce different anchoring energies in
liquid crystal molecules are obtained.

In addition, when polarized light is applied at varying
angles with the substrates, polar anchoring energy and
azimuthal anchoring energy change according to the angle at
which the light is applied.
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Photoalignment is desirable as it facilitates the controlling
of anchoring energy according to irradiation conditions of
the polarized light.

The polarized ultraviolet light should have a wavelength
distribution in the neighborhood of 300 nm to 400 nm and
the dose should be from approximately 50 mJ/em? to 3000
ml/cm? at a wavelength of 365 nm. In particular, at a dose
of 1000 mJ/cm? or greater, the orientation of the liquid
crystal display element easily changes into a homogeneous
orientation suitable for an IPS mode liquid crystal display
element.

In particular, in consideration of the driving principle of
an IPS mode liquid crystal display element, the anchoring
energy, with respect to liquid crystal molecules, of the
orientation film near the substrate without electrodes is made
smaller than the anchoring energy, with respect to liquid
crystal molecules, of the orientation film near the substrate
having electrodes. While this does not result in a change in
the threshold voltage, the voltage needed to attain a 90° twist
in the liquid crystal layer decreases, and with regard to
voltage-transmissivity characteristics, the change in trans-
missivity is steep in the vicinity of the threshold voltage.

Other aspects of the construction are like that of embodi-
ment 1.

Example 5

Except for irradiating a first substrate with ultraviolet light
at a polarized light intensity of 1000 mJ/cm? (365 nm) and
a second substrate with ultraviolet light at a polarized light
intensity of 500 ml/cm® (365 nm), an IPS mode liquid
crystal display element K of the present invention was
fabricated according to the same conditions as that of
example 1.

Example 5

Except for irradiating a first substrate with ultraviolet light
at a polarized light intensity of 1000 mJ/cm® (365 nm) and
a second substrate with ultraviolet light at a polarized light
intensity of 500 mJem® (365 nm), an IPS mode liquid
crystal display element K of the present invention was
fabricated according to the same conditions as that of
example 1.

Comparative Example 7

Except for irradiating a first and a second substrate with
ultraviolet light at a polarized light intensity of 500 mJ/cm>
and irradiating a first and a second substrate with ultraviolet
light at a polarized light intensity of 1000 ml/cm?, liquid
crystal display elements [ and M for comparison were
fabricated in the same manner as the element of example 5.

Conditions of Film Fabrication and Display Characteristics

Initial orientation and display characteristics of the liquid
crystal display element K of the present invention and the
liquid crystal display elements L and M for comparison were
investigated. For initial orientation characteristics, a polar-
ized light microscope was used to observe orientation uni-
formity of the liquid crystal (variances in brightness). For
display characteristics, voltage-transmissivity characteris-
tics and contrast ratio given these voltage-transmissivity
characteristics were investigated. The results are shown in
Table 5. In addition, azimuthal anchoring energy in the IPS
mode liquid crystal display elements E and F was measured.
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TABLE 5
Liquid crystal display element

K L M
Initial Orientation Orientation is Orientation has Orientation is

uniform variances uniform
Voltage-transmissivity V =3.71, T = 10 V=264T=10 V=38,T=10
characteristics V=502,T=90 V=472,T=90 V=583T=90
V: voltage (V) AV (10,90) = 1.31 AV (10, 90) = 2.38 AV (10, 90) = 1.94

T: transmissivity (%)
Contrast ratio
Azimuthal anchoring
energy

300
Not measured

220
2.3 x 107* Iim?

340

1.2 x 1074 1J/m?

From the results of the measurement of azimuthal anchor-
ing energy of the IPS mode liquid crystal display elements
L and M, it was presumed that the azimuthal anchoring
energy above the first substrate of the IPS mode liquid
crystal display element K was 1.2x107* J/m* and that the
azimuthal anchoring energy above the second substrate was
23x107* I/m®. Thus, K could demonstrate advantageous
effects so as to be an IPS mode liquid crystal display element
of the present invention.

It was understood that substantially the same initial ori-
entation and contrast ratio could be obtained with the IPS
mode liquid crystal display element K, in which the azi-
muthal anchoring energy at the second substrate is smaller
than that at the first substrate, as could be obtained with the
IPS mode liquid crystal display element M, in which the
azimuthal anchoring energy at the first and the second
substrates is the same. As for the steepness of the transmis-
sion, the voltage difference between 10% and 90% trans-
missivity was smaller with K than with L and M, in other
words, it was shown that driving in K showed steeper
transmission. Thus, with the IPS mode liquid crystal display
element of the present invention, an IPS mode liquid crystal
display element having an even greater number of scan lines
can be provided.

EXAMPLES OF THE FOURTH INVENTION
GROUP

Embodiment 4The liquid crystal display element of the
present embodiment has a liquid crystal sandwiched
between two opposed substrates each having an orientation
film, wherein at least one of the orientation films contains
molecules having a photosensitive group. By irradiating the
molecules having a photosensitive group with polarized
light, at least two regions having different orientation
anisotropies are provided, the anchoring energy with respect
to liquid crystal molecules also being different in correspon-
dence with the orientation anisotropies of the regions of the
orientation films.

Other aspects of construction are like that of embodiments
2 and 3.

Polarized light is applied to the substrate having the
orientation film formed thereon under varying irradiation
conditions. As a result, anchoring energies are obtained such
that the anchoring energy with respect to liquid crystal
molecules corresponds to the orientation anisotropy of each
region of the orientation film, thereby achieving similar
advantageous effects as are achieved when the pretilt angle
of liquid crystal molecules is varied, such as an improve-
ment in display characteristics. Varying anchoring energy
also makes it possible to control the driving voltage of each
region.
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Embodiment 4-1

The liquid crystal display element of the present embodi-
ment has substantially the same structure as that of embodi-
ment 2-1.

The suppressing of reverse tilt caused by a transverse
electric field from other pixels is achieved by making polar
anchoring energy larger. By making the polar anchoring
energy of the perimeter portions of the pixel regions of the
liquid crystal layer greater than the polar anchoring energy
of the inner regions of the pixel regions, a transverse electric
field suppressing region is formed in each pixel region of a
TN mode liquid crystal display element.

Example 6

Except for applying polarized light having an irradiation
intensity of 800 mJ/cm? to the perimeter portions of the pixel
regions in an irradiation direction that forms an angle of 45°
with the substrates and is lined up with the draining direction
and applying polarized light having an irradiation intensity
of 400 mJ/em® to the inner regions in an irradiation direction
that forms an angle of 45° with the substrates and is lined up
with the draining direction, a liquid crystal display element
N of the present invention is fabricated in the same manner
as the element of example 2.

Example 8

Except for applying, without using a photomask, polar-
ized light having an irradiation intensity of 400 mJ/cm” to all
areas of the pixel regions in an irradiation direction that
forms an angle of 45° with the substrates and is lined up with
the draining direction, a liquid crystal display element O for
comparison is fabricated in the same manner as the element
of example 6.

Comparative Example 9

Except for applying, without using a photomask, polar-
ized light having an irradiation intensity of 800 mJ/cm” to all
areas of the pixel regions in an irradiation direction that
forms an angle of 45° with the substrates and is lined up with
the draining direction, a liquid crystal display element P for
comparison is fabricated in the same manner as the element
of example 6.

Conditions of Film Fabrication and Display Characteristics

Polar anchoring energy and pretilt angle in the liquid
crystal display element N of the present invention and the
liquid crystal display elements O and P for comparison were
measured. Using a polarized light microscope, liquid crystal
orientation defects and hue during operation were observed.
The results are shown in Table 6.



US 7,307,683 B2

65

TABLE 6

66

Liquid crystal display element

N O P
Polar anchoring Inner regions: 51%107° 1.2x 107
energy (I/m?) 5.1 %107

Perimeter

portions: 1.2 x 1074
Pretilt angle Center 3 3

portions: 3

Perimeter

portions: 3
Voltage-transmissivity V =2.31, T =10 V=225T=10 V=251,T=10
characteristics V=461,T=9 V=448,T=90 V=518 T=9
V: voltage (V) AV (10,90) = 2.30 AV (10,90) = 2.23 AV (10, 90) = 2.67

T: transmissivity (%)

Liquid crystal None Generation of none
orientation defects disclination at

during operation electrode edges

Hue Good Good

Not so good

As is understood from Table 6, the liquid crystal display
element N of the present invention is such that voltage
during operation is low, there are no liquid crystal defects,
and hue and viewing angle characteristics are excellent.

Embodiment 4-2

A liquid crystal display element of the present embodi-

25

ment has substantially the same construction as that of 5,

embodiment 2-2.

Example 7

Except for applying polarized light having an irradiation
intensity of 800 mJ/cm? to electrode formation regions in an
irradiation direction that is perpendicular to the substrates
and is lined up with the draining direction and applying
polarized light having an irradiation intensity of 400 mJ/em®
to a non-formation region in an irradiation direction that is
perpendicular to the substrates and is lined up with the
draining direction, a liquid crystal display element Q of the
present invention is fabricated in the same manner as the
element of example 3.

Comparative Example 10

Except for applying, without using a photomask, polar-
ized light having an irradiation intensity of 400 mJ/cm? to all
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areas of the pixel regions in an irradiation direction that is
perpendicular to the substrates and is lined up with the
draining direction, a liquid crystal display element R for
comparison is fabricated in the same manner as the element
of example 7.

Comparative Example 11

Except for applying, without using a photomask, polar-
ized light having an irradiation intensity of 400 mJ/cm? to all
areas of the pixel regions in an irradiation direction that is
perpendicular to the substrates and is lined up with the
draining direction, a liquid crystal display element S for
comparison is fabricated in the same manner as the element
of example 7.

Conditions of Film Fabrication and Display Characteristics

Polar anchoring energy, azimuthal anchoring energy, and
pretilt angle in the liquid crystal display element Q of the
present invention and the liquid crystal display elements R
and S for comparison were measured. Using a polarized
light microscope, liquid crystal orientation defects and hue
during operation were observed. The results are shown in
Table 7.

TABLE 7

Liquid crystal display element

Q R S

Azimuthal anchoring
energy (J/m?)

Polar anchoring
energy (7/m?)

Pretilt angle (%)

Electrode 23x 1072 1.2x 1073
portions:

12x 1078
Non-formation
region:

23 %1073
Electrode
portions:
3.2%x 1073

Non-formation

19x 1073 32x 1073

region:

19x 107

Center 1 1
portions: 1



US 7,307,683 B2

67

TABLE 7-continued

68

Liquid crystal display element

Q R S
Non-formation
region: 1
Voltage-transmissivity V =3.90, T = 10 V=370,T=10 V=423T=10
characteristics V=58T=9 V=553T=90 V=653T=9
V: voltage (V) AV (10,90) = 1.97 AV (10,90) = 1.77 AV (10, 90) = 2.30
T: transmissivity (%)
Hue Uniformity Non-uniformity Non-uniformity
within pixels at electrode at electrode
portions and portions and
non-formation non-formation
region region

From these results, it was understood that the IPS mode
liquid crystal display element D of the present invention has
uniform hue within the pixels and realizes an improvement
in display characteristics.

Embodiment 4-3

A liquid crystal display element of the present embodi-
ment has a construction substantially like that of embodi-
ment 2-1.

The liquid crystal display element according to the
present embodiment is such that by varying anchoring
energy, transition seed generation regions are formed. Thus,
because transition seed generation regions are formed with-
out varying pretilt angle, the formation of the regions is
achieved without affecting viewing characteristics even in
areas such as pixel regions. It is thought that anchoring
energy in particular is related to the formation of transition
seed generation regions.

BExample 8

Except for applying polarized light having an irradiation
intensity of 800 ml/cm? to center portions of pixel regions
in an irradiation direction that forms an angle of 45° with the
substrates and is lined up with the draining direction and
applying polarized light having an irradiation intensity of
400 mJ/cm? to perimeter portions in an irradiation direction
that forms an angle of 45° with the substrates and is lined up
with the draining direction, a liquid crystal display element
T of the present invention was fabricated in the same manner
as the element of example 4.

Example 9

Except for applying polarized light having an irradiation
intensity of 400 mJ/cm® to center portions of pixel regions
in an irradiation direction that forms an angle of 45° with the
substrates and is lined up with the draining direction and
applying polarized light having an irradiation intensity of
800 mJ/cm? to perimeter portions in an irradiation direction
that forms an angle of 45° with the substrates and is lined up
with the draining direction, a liquid crystal display element
U of the present invention was fabricated in the same
manner as the element of example 4.

Comparative Example 10

Except for applying, without using a photomask, polar-
ized light having an irradiation intensity of 400 mJ/cm” to all
areas of the pixel regions in an irradiation direction that is
perpendicular to the substrates and is lined up with the
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draining direction, a liquid crystal display element V for
comparison was fabricated in the same manner as the
element of example 8.

Comparative Example 11

Except for applying, without using a photomask, polar-
ized light having an irradiation intensity of 800 mJ/cm? to all
areas of the pixel regions in an irradiation direction that is
perpendicular to the substrates and is lined up with the
draining direction, a liquid crystal display element W for
comparison was fabricated in the same manner as the
element of example 8.

Conditions of Film Fabrication and Display Characteristics

Polar anchoring energy and splay-bend transition voltage
in the liquid crystal display elements T and U of the present
invention and the liquid crystal display elements V and W
for comparison were measured. Using a polarized light
microscope, the orientation uniformity of the liquid crystal
(brightness variances) during operation was observed. The
results are shown in Table 8. Orientation uniformity was
evaluated as good in the case of uniform and good brightness
and as fair in the case of somewhat non-uniform brightness.

TABLE 8

Liquid crystal display element

T U \% W
Polar Transition Transition S1x 107 12x10™
anchoring seed regions:  seed regions:
energy 51x107° 12x 107
(I/m?) Other Other

regions: regions:

1.2 x 107 5.1%x 1070
Splay-bend 20 20 25 26
transition
voltage (V)
Orientation  Transition Transition Fair Fair
Uniformity ~ seed regions:  seed regions:

good good

Other Other

regions: good  regions: good

As is understood from these results, a liquid crystal
display element of the present embodiment achieves a
reduction in the splay-bend transition voltage. In addition, it
is understood that a liquid crystal display element of the
present embodiment improves brightness variance. It was
determined that each transition seed region should be 5 pm
square or larger.
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EXAMPLES OF THE FIFTH INVENTION
GROUP

Embodiment 5

A liquid crystal display element of the present embodi-
ment has regions having different liquid crystal molecule
pretilt angles and different liquid crystal molecule anchoring
energies at the orientation films in correspondence with the
orientation anisotropies of the orientation films.

The construction of an element of the present embodiment
is like that of elements of embodiments | and 3. A liquid
crystal display element having the advantageous effects of
both is provided.

Embodiment 6

A liquid crystal display element of the present embodi-
ment has a plurality of regions having different liquid crystal
molecule pretilt angles and different liquid crystal molecule
anchoring energies at the orientation films in correspon-
dence with the orientation anisotropies of the orientation
films.

The construction of an element of the present embodiment
is like that of embodiments 2 and 4. A liquid crystal display
element having the advantageous effects of both is provided.

Example 13

Except for applying polarized light having an irradiation
intensity of 400 mJ/cm? to inner regions of the pixel regions
in an irradiation direction that is perpendicular to the sub-
strates and is lined up with the draining direction and
applying polarized light having an irradiation intensity of
400 mJ/cm® to transverse electric field suppressing regions
of the pixel regions in an irradiation direction that forms an
angle of 45° with the substrates and is lined up with the
draining direction, a liquid crystal display element II of the
present invention was fabricated in the same manner as the
element of example 2.

Example 14

Except for applying polarized light having an irradiation
intensity of 400 mJ/cm* to inner regions of the pixel regions
in an irradiation direction that is perpendicular to the sub-
strates and is lined up with the draining direction and
applying polarized light having an irradiation intensity of
800 mJ/cm? to transverse electric field suppressing regions
of the pixel regions in an irradiation direction that forms an
angle of 90° with the substrates and is lined up with the
draining direction, a liquid crystal display element III of the
present invention is fabricated in the same manner as the
element of example 2.

Comparative Example 12

Except for applying, without using a photomask, polar-
ized light having an irradiation intensity of 400 mJ/cm? to all
areas of the pixel regions in an irradiation direction that is
perpendicular to the substrates and is lined up with the
draining direction, a liquid crystal display element IV for
comparison is fabricated in the same manner as the element
of example 13.

Comparative Example 11

Except for applying, without using a photomask, polar-
ized light having an irradiation intensity of 400 mJ/cm” to all
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areas of the pixel regions in an irradiation direction that
forms an angle of 45° with the substrates and is lined up with
the draining direction, a liquid crystal display element VI for
comparison is fabricated in the same manner as the element
of example 13.

Conditions of Film Fabrication and Display Characteristics

Polar anchoring energy and splay-bend transition voltage
in the liquid crystal display elements II and I1I of the present
invention and the liquid crystal display elements IV and VI
for comparison were measured. Using a polarized light
microscope, uniformity of the liquid crystal (brightness
variances) during operation was observed. The results are
shown in Table 9.

TABLE 9

Liquid crystal display element

I I v VI

Inner 3 5
regions: 3
Transverse
electric field
suppressing
regions: 3
Inner
regions:

73 %107
Transverse
electric field
suppressing
regions:
1L7x 107
None

Pretilt
angle (%)

Inner
regions: 3
Transverse
electric field
suppressing
regions: 5
Inner
regions:

73 %107
Transverse
electric field
suppressing
regions:

51 x107°
None

Polar 73x 107 51x107°
anchoring
energy

(T/m?)

Transverse ~ None
electric field
disclination
generation

Good Good Good Not so good

Symmetrical Symmetrical Symmetrical Nonsymmetrical

Liquid
crystal
orientation
defects
Hue
Viewing
angle

As is understood from the table, a TN mode liquid crystal
display element of the present embodiment has no liquid
crystal defects during operation and demonstrates excellent
hue and viewing characteristics.

Example 15

Except for applying polarized light having an irradiation
intensity of 800 mJ/cm? to electrode formation regions in an
irradiation direction that is perpendicular to the substrates
and is lined up with the draining direction and applying
polarized light having an irradiation intensity of 800 mJ/cm*
to an electrode non-formation region in an irradiation direc-
tion that forms an angle of 45° with the substrates and is
lined up with the draining direction, a liquid crystal display
element i of the present invention was fabricated in the same
manner as the element of example 3.

Example 16

Except for applying polarized light having an irradiation
intensity of 400 mJ/cm” to electrode formation regions in an
irradiation direction that is perpendicular to the substrate and
is lined up with the draining direction and applying polar-
ized light having an irradiation intensity of 800 mJ/cm? to an
electrode non-formation region in an irradiation direction
that forms an angle of 45° with the substrates and is lined up
with the draining direction, a liquid crystal display element
il of the present invention was fabricated in the same manner
as the element of example 3.
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Comparative Example 12

Except for applying, without using a photomask, polar-
ized light having an irradiation intensity of 800 mJ/cm? to all
areas of the pixel regions in an irradiation direction that is
perpendicular to the substrates and is lined up with the
draining direction, a liquid crystal display element iii for
comparison was fabricated in the same manner as the
element of example 15.

Conditions of Film Fabrication and Display Characteristics

Pretilt angle, azimuthal anchoring energy, and response
speed in the liquid crystal display elements i and ii of the
present invention and in the liquid crystal display element iii

for comparison were measured. The results are shown in
Table 10.

TABLE 10

Liguid crystal display element

i ii iii

Pretilt angle (°) Formation Formation regions: 3 3

regions: 5 Non-formation

Non-formation region: 3

region: 3
Polar anchoring Formation Formation regions: 32x 107
energy (I/m?)  region: 2.5 x 107 3.2 x 107

Non-formation Non-formation

region: 3.2 x 107 region: 1.9 x 107
Response spead 30 35 40

(ms)

As is clear from the table, an 1PS mode liquid crystal
display element of the present embodiment realizes an
improvement in response speed during operation.

Example 17

Except for applying polarized light having an irradiation
intensity of 800 mJ/cm? to electrode formation regions in an
irradiation direction that forms an angle of 45° with the
substrates and is lined up with the draining direction and
applying polarized light having an irradiation intensity of
400 ml/em® to an electrode non-formation region in an
irradiation direction that is perpendicular to the substrates
and is lined up with the draining direction, a liquid crystal
display element iv of the present invention wass fabricated
in the same manner as the element of example 3.

BExample 18

Except for applying polarized light having an irradiation
intensity of 800 mJ/cm® to electrode formation regions in an
irradiation direction that forms an angle of 45° with the
substrates and is lined up with the draining direction and
applying polarized light having an irradiation intensity of
800 mJ/cm* to an electrode non-formation region of the
pixel regions in an irradiation direction that is perpendicular
to the substrates and is lined up with the draining direction,
a liquid crystal display element v of the present invention
was fabricated in the same manner as the element of
example 3.

Comparative Example 13

Except for applying, without using a photomask, polar-
ized light having an irradiation intensity of 400 mJ/cm” to all
areas of the pixel regions in an irradiation direction that is
perpendicular to the substrates and is lined up with the
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draining direction, a liquid crystal display element vi for
comparison was fabricated in the same manner as the
element of example 15.

Comparative Example 14

Except for applying, without using a photomask, polar-
ized light having an irradiation intensity of 800 mJ/cm” to all
areas of the pixel regions in an irradiation direction that is
perpendicular to the substrates and is lined up with the
draining direction, a liquid crystal display element vii for
comparison was fabricated in the same manner as the
element of example 15.

Comparative Example 15

Except for applying, without using a photomask, polar-
ized light having an irradiation intensity of 800 mJ/cm? to all
areas of the pixel regions in an irradiation direction that
forms an angle of 45° with the substrates and is lined up with
the draining direction, a liquid crystal display element viii
for comparison was fabricated in the same manner as the
element of example 15.

Conditions of Film Fabrication and Display Characteristics

Pretilt angle, azimuthal anchoring energy, voltage-trans-
missivity characteristics, contrast ratio given these voltage-
transmissivity characteristics, and response speed (time for
the change in transmissivity from 10% to 90%) of the liquid
crystal during operation were measured in the liquid crystal
display elements i and ii of the present invention and in the
liquid crystal display element iii for comparison. The results
are shown in Table 11.

TABLE 11
Liquid Voltage-transmissivity ~Azimuthal Re-
crystal characteristics anchoring sponse
display V: voltage (V) energy Pretilt Con-  Speed
element T: transmissivity (%)  (J/m?) Angle (°)  trast  (ms)
i V=371,T=10 Not Not 300 35
V=502,T=90 measured measured
AV (10, 90) = 1.31
i V=341,T=10 Not Not 280 25
V=521,T=90 measured measured
AV (10, 90) = 1.31
il V=2.64,T=10 23%x 10 3 220 35
V=472, T=90
AV (10, 90) = 2.08
iv. V=389, T=10 12x1072 3 340 40
V=583T=9
AV (10, 90) = 1.94
v V=347,T=10 10x 107 3 250 30

V=523,T=90
AV (10, 90) = 1.76

As is clear from the table, an 1PS mode liquid crystal
display element of the present embodiment has excellent
contrast ratio and response speed. 1n addition, an 1PS model
liquid crystal display element having driving that shows
steep transmission and having a greater number of scan lines
can be provided.

EXAMPLES OF THE SEVENTH INVENTION
GROUP

Example 7

In a liquid crystal display element of the present embodi-
ment, liquid crystal is not injected into portions that do not
contribute to image display. This is achieved by the provi-
sion of at least one orientation film composed of molecules
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having a photosensitive group and the formation of at least
two regions having differing orientation anisotropies by
irradiation of the molecules with polarized light, whereby
the contact angle between the liquid crystal and the orien-
tation film is made different in correspondence with the
orientation anisotropies of the regions of the orientation
film.

In the present embodiment, the contact angle is defined as
the angle, spanning the liquid crystal, formed by the liquid
crystal surface with the orientation film surface.

The contact angle should be 400 or higher as liquid crystal
cannot be injected in a region having a contact angle of 40°
or higher.

The method of providing an orientation film with a
contact angle is the same as that for providing an orientation
film with a contact angle. As it is an object of the present
embodiment to form a region in which liquid crystal is not
injected, this region may be formed without consideration of
pretilt angle and pretilt direction.

The present embodiment is substantially like embodiment
2.

Example 19

First, for the formation of orientation films, a solution for
the fabrication of orientation films was prepared. Specifi-
cally, C;H;—CH=CH—CO—0—(CH,)s—0—SiCl, was
mixed and dissolved in hexamethyldisiloxane under a dry
atmosphere to form a 10~ mol/L solution.

As is shown in FIG. 2(a), a substrate for OCB mode
having pixel electrodes formed thereon was provided and
the solution described above applied to the substrate surface
under a dry atmosphere (relative humidity of 5% or less). A
printing press was used in the application. The thickness of
the applied film was made to be approximately 1 pm. After
the hexamethyldisiloxane contained in the applied film was
evaporated, the substrate was then baked for a specified
length of time to form an orientation film (see FIG. 2(5)).

The substrate having an orientation film formed thereon
was then immersed in chloroform, a nonaqueous solvent,
and the substrate was washed (washing step, see F1G. 2(c)).
In a fixed upright position, the substrate was then lifted from
the chloroform and the chloroform was drained (draining
orientation step, see FIG. 2(d)). The draining direction was
made to be parallel to the substrate. Thus, molecules making
up the orientation film were inclined in the draining direc-
tion, the direction opposite to the direction of lifting, and
oriented accordingly.

After the draining orientation step, polarized ultraviolet
light was applied utilizing masking with a photomask.
Specifically, the display region of the liquid crystal display
element was masked and polarized ultraviolet light was
applied. The polarization direction of the ultraviolet light
was lined up with the draining direction, and the direction of
the applied light was set so as to be perpendicular to the
substrate surface along the draining direction. Irradiation
intensity was set at 1000 mJ/cm>.

The contact angle inside and outside the display region
was then measured using liquid crystal for OCB mode, and
it was determined that the value within the display region
was 20° and the value outside the display region 60°. The
liquid crystal for OCB mode was then applied to the whole
surface of the substrate, and the substrate was rotated at
3000 rpm using a spin coater to remove the liquid crystal
from the region outside the display region.

The pair of substrates was then adhered together to
fabricate a liquid crystal display element of the present
embodiment.

It was demonstrated that this liquid crystal display ele-
ment has excellent display characteristics. The method of
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producing the liquid crystal display element is also simpler
than the conventional vacuum injection.

EXAMPLES OF THE EIGHTH INVENTION
GROUP

Embodiment 8A purpose of the present embodiment is to
provide an optically anisotropic film, useful for a liquid
crystal display element having more than one liquid crystal
orientation, which contributes to the realization of a liquid
crystal display element that further has no coloration, but
excellent display characteristics.

An optically anisotropic film of the present embodiment
1s formed of a liquid crystal polymer that is optically positive
and uniaxial and of a polymerizable polymer. A liquid
crystal polymer that is optically positive and uniaxial is
employed.

The liquid crystal polymer is not particularly limited, but
it is desirable that a cholesteric liquid crystal polymer or a
discotic liquid crystal polymer be used. These liquid crystal
polymers are polymeric liquid crystal or a mixture of
polymers and low molecular liquid crystal.

The polymerizable polymer is not particularly limited, but
it is desirable that the substance be optically isotropic after
polymerization for enhancing the advantageous effects of an
optically anisotropic film of the present embodiment. Spe-
cifically, —examples include a phenoxyether-based
crosslinked resin, epoxy resin, acrylic epoxy resin,
melamine resin, phenol resin, melamine resin, and the like.

When, for the polymerizable polymer, a polymer that has
orientation is used, such as polyvinyl alcohol, ethylene vinyl
alcohol copolymer, polyimide resin, polyparabanic-based
resin, or the like, the advantageous effects of the present
embodiment are further enhanced.

As for optically isotropic properties, the value for retar-
dation is 60 nm or less, preferably 30 nm or less, and the
visible light transmissivity is 60% or higher, preferably 70%
or higher.

The method of producing an optically anisotropic film of
the present embodiment is described below.

First, an orientation film having a plurality of regions with
different orientation anisotropies is formed on a substrate.
Such an orientation film should be formed on at least one of
a pair of substrates. In forming a plurality of regions, a
known method such as a rubbing method or a photoalign-
ment method may be carried out. In particular, in a liquid
crystal display element having more than one liquid crystal
orientation, it is desirable that a plurality of regions corre-
sponding to the orientation divisions be provided in cases of
employing an optically anisotropic film of the present
embodiment.

Spacers are then dispersed on one of the substrates,
sealing material applied on the perimeter of one of the
substrates so that the application formation was a frame
shape, and the substrates adhered together. Thus, an empty
cell is fabricated. It is suitable that the distance between the
substrates be approximately in the range of 100-200 pm.

The polymerizable polymer and the liquid crystal polymer
are injected between the substrates through an injection port
to form a layer of polymerizable polymer and the liquid
crystal polymer.

By polymerizing the polymerizable polymer and the
liquid crystal polymer, a polymer is fabricated. The method
of polymerization is not particularly limited, but heating or
application of light, for example, may be employed for the
polymerization.

The polymer is then removed from the cell to obtain an
optically anisotropic film of the present embodiment.
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Example 20

First, for the formation of orientation films, a solution for
the fabrication of orientation films was prepared. Specifi-
cally, C,H,—CH=CH—CO—0—(CH,),—0—SiCl, was
mixed and dissolved in hexamethyldisiloxane under a dry
atmosphere to form a 10~ mol/L solution.

As is shown in FIG. 2(a), a substrate for OCB mode
having pixel electrodes formed thereon was provided and
the solution described above applied to the substrate surface
under a dry atmosphere (relative humidity of 5% or less). A
printing press was used in the application. The thickness of
the applied film was made to be approximately 1 um. After
the hexamethyldisiloxane contained in the applied film was
evaporated, the substrate was then baked for a specified
length of time to form an orientation film (see FIG. 2(b)).

The substrate having an orientation film formed thereon
was then immersed in chloroform, a nonaqueous solvent,
and the substrate was washed (washing step, see FIG. 2(c)).
In a fixed upright position, the substrate was then lifted from
the chloroform and the chloroform was drained (draining
orientation step, see FIG. 2(d)). The draining direction was
made to be parallel to the substrate. Thus, molecules making
up the orientation film were inclined in the draining direc-
tion, the direction opposite to the direction of lifting, and
oriented accordingly.

After the draining orientation step, polarized ultraviolet
light was applied utilizing masking with a photomask.
Specifically, the regions (perimeter portions) other than the
center portions (50 umx210 pm) of each pixel (80 pmx240
um) were masked, and polarized ultraviolet light applied.
The polarization direction of the ultraviolet light was lined
up with the draining direction, and the direction of the
applied light was set so as to be perpendicular to the
substrate surface along the draining direction. Irradiation
intensity was set at 400 ml/cm®. After this mask was
removed, the center portion of each pixel was masked, and
polarized ultraviolet light applied. The polarization direction
of the ultraviolet light was lined up with the draining
direction, and the direction of the applied light was set so as
to form a 45° angle with the substrate surface along the
draining direction. Irradiation intensity was set at 400
ml/cm®.

Spacers were then dispersed on one of the substrates and
sealing material was applied on the perimeter of one of the
substrates so that the application formation was a frame
shape. The substrate and the counter substrate were then
adhered together.

Polyvinyl alcohol, serving as the polymerizable polymer
and liquid crystal polymer were mixed at a weight ratio of
10 to 90, injected between the substrate and the counter
substrate, and polymerized for 12 hours at 120° C. The cell
was then disassembled to obtain an optically anisotropic film
of the present embodiment.

When this optically anisotropic film is fixed to the OCB
mode liquid erystal display element D, the twist is reversed.
In addition, because the optically anisotropic film changes
the degree of the pretilt in correspondence with the regions
having differing degrees of pretilt in the liquid crystal
display element D, coloration arising when viewing from a
diagonal direction is reduced.

INDUSTRIAL APPLICABILITY

By irradiating the orientation films of a liquid crystal
display element with polarized ultraviolet light, orientation
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films are obtained that can induce a pretilt angle in liquid
crystal molecules for various modes of liquid crystal display.

A TN mode liquid crystal display that prevents disclina-
tion caused by a transverse electric field and suppresses
reduction in contrast caused by this disclination can be
obtained by the provision, in perimeter portions of pixel
regions in the liquid crystal layer, of transverse electric field
suppressing regions for orienting liquid crystal molecules to
a higher pretilt angle than do inner regions of pixel regions.

An IPS mode liquid crystal display element having good
response speed can be obtained by making the pretilt angle
of liquid crystal molecules in first regions greater than that
of liquid crystal molecules in a second region. Liquid crystal
alignment is controlled by electric field components above
the electrodes in the first regions and by transverse electric
field components in the region corresponding to the area
between the pairs of the electrodes.

By providing transition seed generation regions for accel-
erating a transition in the liquid crystal layer from splay
alignment to bend alignment with the application of a
voltage between the electrodes, a liquid crystal display
element with no display defects and excellent display quality
can be obtained in which the splay-bend transition voltage is
reduced by the almost certain generation of transition seeds.
Each of the transition seed generation regions has a high
pretilt region for orienting liquid crystal molecules to a
higher pretilt angle than do other regions.

As is demonstrated by the explanation above, the prob-
lems to be solved by the present invention are overcome by
employing the constructions of the present invention.

Thus, the present invention is of great value to industry.

What is claimed is:

1. A liquid crystal display element comprising a liquid
crystal sandwiched between two substrates each having an
orientation film, wherein at least one of the orientation films
comprises molecules having photosensitive group and has at
least two regions with different orientation anisotropies
having been irradiated with polarized light of differing
irradiation intensities, and wherein liquid crystal molecules
have different pretilt angles such as to correspond to the
orientation anisotropies of the regions of the orientation
film, wherein:

the liquid crystal display element is an in-plane switching-

type liquid crystal display element comprising a liquid
crystal layer provided between a pair of substrates and
pairs of electrodes provided on one of the substrates;
and

the liquid crystal layer comprises,

first regions provided above the electrodes, wherein liquid

crystal alignment is controlled by electric field com-
ponents above the electrodes; and
a second region corresponding to an area between the
pairs of electrodes, wherein liquid crystal alignment is
controlled by transverse electric field components;

wherein a pretilt angle of liquid crystal molecules in the
first regions is larger than a pretilt angle of liquid
crystal molecules in the second region.

2. The liquid crystal display element according to claim 1,
wherein an orientation film for orienting liquid crystal
molecules in a substantially same direction is provided on an
inner side of one of the substrates, the orientation film
having high pretilt angle regions for initially orienting liquid
crystal molecules above the pairs of electrodes at a high
pretilt angle and a low pretilt angle region for initially
orienting liquid crystal molecules between the pairs of
electrodes at a low pretilt angle.
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3. The liquid crystal display element according to claim 2,
the orientation film controls the orientation of liquid crystal
molecules such that pretilt angle increases continuously or in
a step-wise manner toward the electrodes.

4. The liquid crystal display element according to claim 1,
wherein each of the pairs of electrodes is a transparent
electrode.

5. The liquid crystal display element according to claim 1,
wherein the orientation film at least contains thin film
component molecules each having a photosensitive group,
the photosensitive groups being polymerized and fixed in a
desired direction.

6. The liquid crystal display element according to claim 1,
wherein the orientation film is a thin film formed of a group
of molecules including at least molecules of a silane-based
compound each having a photosensitive group, the group of
molecules being bonded and fixed on each of the substrates.

7. The liquid crystal display element according to claim 6,
wherein the group of molecules is inclined in a specified
direction and the photosensitive groups are polymerized and
fixed in the specified direction.

8. The liquid crystal display element according to claim 6,
wherein the orientation film is a monomolecular film.

9. A method of producing a liquid crystal display element
comprising:

forming thin films on a pair of substrates using molecules

having at least a photosensitive group;

carrying out an orientation treatment by irradiating dif-

ferent areas of at least one of the thin films with
polarized light of different irradiation intensity to form
at least two regions having different orientation
anisotropies on the at least one of the thin films;

forming a sealing material on either of the substrates in a

frame shape excluding a portion of a liquid crystal
injection port;

adhering the substrates together; and

injecting a liquid crystal between the substrates through

the liquid crystal injection port to form a liquid crystal
layer,

wherein the liquid crystal display element is an in-plane

switching-type liquid crystal display element provided
with a liquid crystal layer between a pair of substrates
and pairs of electrodes on one of the substrates, the
method comprising the steps of:

forming orientation films on the pair of substrates;

carrying out an orientation treatment on the orientation

films by applying polarized light to surfaces of the
substrates having the orientation films formed thereon
such that the irradiation intensity of a first polarized
light applied to regions above the electrodes is made
greater than the irradiation intensity of a second polar-
ized light applied to a region corresponding to an area
between the pairs of the electrodes to form high pretilt
angle regions for orienting liquid crystal molecules at a
high pretilt angle in the regions above the electrodes
and a low pretilt angle region for orienting liquid
crystal molecules at a low pretilt angle in the region
corresponding to the area between the pairs of elec-
trodes;

adhering the substrates together; and

injecting a liquid crystal between the substrates to form a

liquid crystal layer;

whereby in the liquid crystal layer, first regions and a

second region are formed, the first regions provided
above the electrodes, wherein liquid crystal alignment
is controlled by electric field components above the
electrodes, and the second region corresponding to the
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area between the pairs of electrodes, wherein liquid
crystal alignment is controlled by transverse electric
field components.

10. A method of producing a liquid crystal display ele-

5 ment comprising:

20

25

35

40

45

60

65

forming thin films on a pair of substrates using molecules

having at east a photosensitive group;

carrying out an orientation treatment by irradiating dif-

ferent areas of at least one of the thin films with
polarized light having parallel planes of polarization
and at least two different angles of incidence with
respect to surfaces of the substrates to form at least two
regions having different orientation anisotropies on the
at least one of the thin films;

forming a sealing material on either of the substrates in a

frame shape excluding a portion for a liquid crystal
injection port;

adhering the substrates together; and

injecting a liquid crystal between the substrates through

the liquid crystal injection port form a liquid crystal
layer,

wherein the liquid crystal display device is an in-plane

switching-type liquid crystal display element provided
with a liquid crystal layer between a pair of substrates
and pairs of electrodes on one of the substrates, the
method comprising the steps of:

forming orientation films on the pair of substrates;

carrying out an orientation treatment on the orientation

films by applying polarized light to surfaces of the
substrates having the orientation films formed thereon
such that the plane of polarization of a first polarized
light applied to regions above the pairs of electrodes
and a second plane of polarization applied to a region
corresponding to an area between the pairs of elec-
trodes are made parallel, and the angle of incidence
with respect to the substrate surfaces of the first polar-
ized light is made smaller than the angie of incidence
with respect to the substrate surfaces of the second
polarized light to form high pretilt angle regions for
orienting liquid crystal molecules at a high pretilt angle
in the regions above the pairs of electrodes and a low
pretilt angle region for orienting liquid crystal mol-
ecules at a low pretilt angle in the region corresponding
to the area between the pairs of electrodes;

adhering the substrates together; and

injecting a liquid crystal between the substrates to form a

liquid crystal layer;

whereby in the liquid crystal layer, first regions and a

second region are formed, the first regions provided
above the electrodes, wherein liquid crystal alignment
is controlled by electric field components above the
electrodes; and the second region corresponding to the
area between the pairs of electrodes, wherein liquid
crystal alignment is controlled by transverse electric
field components.

11. The method of producing a liquid crystal display
element according to claim 9, wherein the step of forming
orientation films is such that a silane-based compound
having photosensitive groups is contacted to the substrate
surfaces under a dry atmosphere, whereby the silane-based
compound is chemisorbed to the substrate surfaces.

12. The method of producing a liquid crystal display
element according to claim 11, further comprising the steps
of:

removing unabsorbed silane-based compound by washing

the substrate surfaces having the orientation films
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formed thereon using a washing solution immediately wherein the draining direction is parallel to the planes of
after the step of forming orientation films; and polarization of the step of carrying out an orientation
temporarily aligning molecules of silane-based compound treatment by photoalignment with polarized light.

adsorbed to the substrate surfaces by standing the
washed substrates in a fixed direction to drain and dry 5
washing solution remaining on the substrate surfaces; L
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