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(7) ABSTRACT

The present invention provides a liquid crystal display device
capable of suppressing generation of the image sticking in AC
mode and a polymer for alignment film materials. The present
invention is a liquid crystal display device including:
a pair of substrates;
a liquid crystal layer containing liquid crystal molecules;
and
an alignment film,
the liquid crystal layer being interposed between the pair of
substrates,
the alignment film being arranged on a liquid crystal layer
side-surface of at least one of the pair of substrates,
wherein the alignment film is obtainable by providing a
film with an alignment treatment by photoirradiation,
the film being formed from an alignment film material,
the alignment film material including a polymer containing
a first constitutional unit and a second constitutional
unit,
the first constitutional unit exhibiting a property of control-
ling alignment of the liquid crystal molecules by pho-
toirradiation,
the second constitutional unit exhibiting the property of
controlling alignment of the liquid crystal molecules

GO2F 1/1337 (2006.01) regardless of photoirradiation.
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LIQUID CRYSTAL DISPLAY DEVICE AND
POLYMER FOR ALIGNING FILM MATERIAL

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device and a polymer for alignment film materials. More
particularly, the present invention relates to a liquid crystal
display device with wide viewing angle characteristics, pref-
erably used in planar displays that are used by many people,
suchasaFDA, a PC,a WP, amusement equipment, a teaching
machine, and a TV device, or in a display board, a display
window, a display door, a display wall, etc., each utilizing a
shutter effect of liquid crystal. Further, the present invention
relates to a polymer for alignment film materials.

BACKGROUND ART

[0002] A liquid crystal display device is now being widely
used attributed to its characteristics such as slim profile, light
weight, and low electrical power consumption. The liquid
crystal display device includes a pair of substrates and aliquid
crystal layer interposed therebetween. Further, the liquid
crystal device provides display by controlling an alignment
direction of liquid crystal molecules contained in the liquid
crystal layer by appropriately applying a voltage to electrodes
arranged on liquid crystal layer side-surfaces of the sub-
strates. The liquid crystal display device usually includes an
alignment film for controlling the alignment direction of the
liquid crystal molecules, and the alignment film is arranged
on the liquid crystal layer side-surface of the substrate.
[0003] Asamaterial for suchan alignment film constituting
the liquid crystal display device, resins such as polyamic
acids, polyimides, polyamides, and polyesters are conven-
tionally used. Among them, polyimides have been much used
for liquid crystal display devices attributed to its excellent
physical properties such as heat resistance, affinity with lig-
uid crystals, and mechanical strength compared with other
organic resins.

[0004] The alignment film is typically subjected to an
alignment treatment, and thereby the film can provide liquid
crystal molecules that are positioned on the alignment film
surface with specific pretilt angles. A rubbing method, a
photo-alignment method, and the like, are mentioned as a
method forthe alignment treatment. According to the rubbing
method, the alignment film surface is provided with the align-
ment treatment by being rubbed with a cloth wound on a
roller. According to the photo-alignment method, a photo-
alignment film is used as a material for the alignment film,
and the photo-alignment film is irradiated with (exposed to)
light such as ultraviolet light, and thereby the alignment film
is provided with an alignment regulating force and/or an
alignment regulating direction of the alignment film is
changed.

[0005] However, according to a liquid crystal display
device including a conventional alignment film, image stick-
ing might be generated on a screen when an image is dis-
played for a prolonged period. So there is room for improve-
ment in that the image sticking is suppressed even when an
image is displayed for a prolonged period.

[0006] Inorderto solvesucha problem, for example, Patent
Document 1 discloses a liquid crystal aligning agent compo-
sition containing a tetrafunctional silicon composition like
tetrachalcoxylan, a trifunctional composition like trialcoxy-
lan, and a product of reaction with 0.8 to 3.0 mol water for a
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1 mol functional group like an alxoky group, and a glycol
ether solvent, as a technology of providing a liquid crystal
aligning agent capable of forming a liquid crystal alignment
film which prevents display defects, has an excellent afterim-
age characteristic even after long-time driving, does not
decrease the capability of aligning liquid crystal, and has a
small decrease in voltage holding rate against light and heat.
[0007] In addition, for example, Patent Document 2 dis-
closes a liquid crystal alignment material including a
polyamic acid having a structure derived from a monoamine
compound or its imidized polymer, as a technology of pro-
viding a liquid crystal alignment material which can develop
good coating film formability and liquid crystal alignment
characteristics and can form a liquid crystal alignment layer
capable of deleting afterimages in a short time after the stop of
the application of a voltage in liquid crystal display elements.
[0008] In addition, for example, Patent Document 3 dis-
closes a vertical liquid crystal aligning agent including 100
weight parts of a polymer with an auric acid repeating unit
and/or an imide repeating unit and at least 5 weight parts ofa
compound having at least two epoxy groups in a molecule, as
a technology of providing a liquid crystal aligning agent
which provides a vertical liquid crystal alignment film excel-
lent in image sticking characteristics and reliability even
when the film is used with a reflection electrode.

[0009] For example, Non-patent Document 1, which is a
document on an photo-alignment film, discloses that the
smaller an electrical resistivity of a photo-alignment film is,
the shorter an image sticking time is.

[0010] Further, for example, Non-patent Document 2,
which is a document on development of a material for align-
ment films, discloses that a reduction in residual DC in a
liquid crystal cell with a vertical electrical field leads to sup-
pression of the image sticking.

[0011] In an AC driving liquid crystal display device, a
residual DC is generated generally due to a difference in an
offset voltage between electrodes formed on substrates facing
each other.

[0012] In addition, for example, Patent Document 4 dis-
closes polyimides containing a side chain group having a
structure that can be derived from 3-arylacrylic acid, as pho-
toreactive polymers that can produce a stable and high-reso-
lution alignment pattern that show a defined pretilt angle and
at the same time has a sufficient high resistance value (holding
ratio) in a liquid crystal medium adjacent to the pattern when
the pattern is irradiated with polarized light.

[0013] For example, Patent Document 5 discloses polyim-
ides, incorporating cinnamic acid group derivatives in such a
way that the cinnamic acid groups are linked to the polyimide
main chain via a carboxylic group by means of a flexible
spacet, as photoreactive polymers that can produce a stable
and high-resolution alignment pattern that show a very large
tilt angle and at the same time has a sufficient high holding
ratio in a liquid crystal medium adjacent to the pattern when
the pattern is irradiated with polarized light.

[Patent Document 1]

Japanese Kokai Publication No. 2005-250244
[Patent Document 2]

Japanese Kokai Publication No. 2006-52317
[Patent Document 3]

Japanese Kokai Publication No. 2006-10896
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[Patent Document 4]
Japanese Kohyo Publication No. 2001-517719

[0014] [Patent documents 5]

Japanese Kohyo Publication No. 2003-520878
[Non-patent Document 1]

[0015] Masaki HASEGAWA, “HIKARI HAIKOU-seisan
prosesu no kanten kava mita haikoushori,” liquid crystal, The
Japanese Liquid Crystal Society, Jan. 25, 1999, vol. 3, No. 1,
p. 3-16

[Non-patent Document 2]

[0016] Kiyoshi SAWAHATA, “LCD you haikoumaku no
zairyou kaihatsu doukou,” liquid crystal, The Japanese Liquid
Crystal Society, Oct. 25, 2004, vol. 8, No. 4, p. 216-224

DISCLOSURE OF INVENTION

[0017] An image sticking phenomenon that is generated in
residual DC (direct-current) mode has been a commonly
known as the image sticking phenomenon in liquid crystal
display devices. So a material for reducing the residual DC
has beenresearched and developed as a measure for the image
sticking on an alignment film material surface. The image
sticking in DC mode can be dealt with by a conventional
technology, for example, using a material (molecule) that less
accumulates charges.

[0018] However, in the photo-alignment technology, which
is now being employed instead of the rubbing method, the
mechanism for generation of the image sticking is not deter-
mined yet, and so a solution for it is not proposed yet. For
example, in the vertical photo-alignment films disclosed in
Patent Documents 5 and 6, in addition to strong image stick-
ing in residual DC mode, image sticking (in AC (alternative
current) mode) caused by a change in pretilt angle by AC
voltage application is generated. So the image sticking in both
modes needs to be simultaneously solved.

[0019] A homopolymer or copolymer of only the photo-
alignment film material (s) is not enough to solve particularly
the image sticking in AC mode. In addition, according to an
alignment film in which a conventional photofunctional
group-containing vertical photo-alignment film and a con-
ventional vertical alignment film are blended, uniformity of
alignment is significantly reduced because a density of the
photofunctional group-containing vertical photo-alignment
film is reduced, and further, the alignment film can not pro-
vide liquid crystals with pretilt angles and so the pretilt angle
hardly changes from 90°. The conventional vertical align-
ment film contains a vertical alignment functional group and
has characteristics of aligning liquid crystal molecules in a
direction substantially vertical to the alignment film surface
without being provided with an alignment treatment such as
rubbing and photoirradiation. In the alignment film in which
the vertical photo-alignment film and the vertical alignment
film are blended, the image sticking in AC mode is probably
caused due to a polymer that is contained in a photo-align-
ment film material. So such a film is not enough to suppress
the image sticking in AC mode.

[0020] Theimage sticking cause by AC voltage application
is particularly strongly observed if a photo-alignment film
(homopolymer) containing a photofunctional group that
undergoes a photoreaction (e.g., a photocrosslinking reaction
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(including a photodimerization reaction), a photoisomeriza-
tion reaction, a photodecomposition reaction) thereby pro-
viding a liquid crystal molecule with a pretilt angle, is used.
[0021] Liquid crystal display devices where a liquid crystal
alignment treatment is provided in one direction in the sub-
strate plan, like TN (twisted nematic), ECB (electrically con-
trolled birefringence), and VATN (vertical alignment twisted
nematic) liquid crystal display devices, etc., show display
characteristics depending on viewing angle. So the direction
where the image sticking phenomenon might be observed is
the front direction and some directions different depending
on the viewing angle characteristics of the devices them-
selves. In a liquid crystal TV, a large-screen advertising dis-
play, and the like, liquid crystals are aligned in different
directions in view of viewing angle compensation under
white display state. Thus, in the multi-domain mode where
the viewing angle is compensated, the image sticking phe-
nomenon is uniformly observed in every azimuth, and so
suppression of the image sticking phenomenon is essential. In
the present description, the VATN mode may be a so-called
RTN (reverse twist nematic: vertical alignment in TN mode).
Further, the ECB mode may be VAECB mode where liquid
crystals are vertically aligned during non-voltage application
and horizontally aligned during voltage application, or may
be mode where liquid crystals are vertically aligned during
voltage application and horizontally aligned during non-volt-
age application,

[0022] The present invention has been made in view of the
above-mentioned state of the art. The present invention has an
object to provide a liquid crystal display device capable of
suppressing generation of the image sticking in AC mode and
a polymer for alignment film materials.

[0023] The present inventors made various investigations
on a liquid crystal display device capable of suppressing
generation of the image sticking in AC mode (hereinafter,
also referred to as “AC image sticking”) and a polymer for
alignment film materials contained in the alignment film. The
inventors noted a mechanism for generation of the AC image
sticking. Then, the inventors found that the following two are
mentioned as the mechanism for generation of the AC image
sticking. One is that a side chain part of the alignment film
deforms by a stress caused by elastic deformation of a liquid
crystal molecule (side-chain deformation memory). The
other is that a liquid crystal molecule is adsorbed to a func-
tional group whose main chain has a high polarizability by
AC application (liquid crystal adsorption).

[0024] Thereasons why the AC image sticking is generated
in the conventional photo-alignment film are mentioned in
more detail below with reference to FIGS. 22 and 23. FIG. 22
is a cross-sectional view schematically showing a vicinity of
aconventional photo-alignment film surface and explaining a
mechanism for generation of AC image sticking due to side-
chain deformation. FIG. 22(a) shows an initial state. FIG.
22(b) shows a state when an electrical field is applied to a
liquid crystal layer. FIG. 22(c) shows a state when the appli-
cation of the electrical field to the liquid crystal layer is
stopped. Further, FIG. 23 is a cross-sectional view schemati-
cally showing a vicinity of a conventional photo-alignment
film surface and explaining a mechanism for generation of AC
image sticking due to liquid crystal adsorption. FIG. 23(a)
shows an initial state. FIG. 23(b) shows a state when an
electrical field is applied to a liquid crystal layer. FIG. 23(c)
shows a state when the application of the electrical field to the
liquid crystal layer is stopped.
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[0025] The mechanism for generation of the AC image
sticking due to the side-chain deformation is mentioned
below. As shown in FIG. 22(a), in the initial state, liquid
crystal molecules 111 contained in a liquid crystal layer 120
and side chains 131 of a photo-alignment film 130 interact
with each other, and the molecules 111 are pre-tilted. Then, as
shown in FIG. 22(b) when an electrical field is applied to the
liquid crystal layer 120, the molecules 111 are bend-de-
formed and an elastic energy due to the bending deformation
is generated, and then, the side chains 131 are inclined in
accordance with the molecules 111 in order to decrease the
elastic energy. Then, as shown in FIG. 22(c). when the elec-
trical field is stopped, the side chains 131 exhibit its restoring
force. However, the interface of the photo-alignment film 130
is crystallized compared to a bulk of the liquid crystal layer
120. So a releasing time it takes for the side chains 131 to
return to its original structure is long. During the releasing
time, the pretilt angle of the liquid crystal layer 120 is also
changed, resulting in generation of the image sticking.
[0026] The mechanism for generation of the AC image
sticking due to the liquid crystal adsorption is mentioned
below. That is, when light such as ultraviolet light is radiated
to the photo-alignment film 130, a space in size equivalent to
the liquid crystal molecule 111 is generated between mol-
ecules (main chains 125) of the photo-alignment film 130. In
the initial state, as shown in FIG. 23(a), a part where the liquid
crystal molecule 111 is adsorbed to the main chain 125, that
is, an adsorbing liquid crystal, exists. Then, as shown in FIG.
23(b), when an electrical field is applied to the liquid crystal
layer 120, the molecules 111 are bend-deformed and an elas-
tic energy due to the bending deformation is generated, and
then, themolecules 111 that are near the photo-alignment film
130 pass through the side chains 131 and aligned with the
absorbing liquid crystal. As shown in FIG. 23(c), when the
application of the electrical field to the liquid crystal layer 120
is stopped, the side chain 131 exhibits its restoring force, but
the interface of the photo-alignment film 130 has a larger
adsorbing property compared with a bulk of the liquid crystal
layer 120. So a releasing time it takes the liquid crystal mol-
ecules 111 near the photo-alignment film 130 to show an
original tilt angle again is long. During the releasing time, the
pretilt angle of the liquid crystal layer 120 is also changed,
resulting in generation of the image sticking.

[0027] The inventors further made investigations, and then
found the followings. If a polymer contained in an alignment
film material includes the following constitutional units. One
constitutional unit is sensitive to light and is likely to be easily
provided with an alignment treatment by photoirradiation,
but easily undergo the side-chain deformation or cause the
liquid crystal adsorption. The other constitutional unit can
control alignment regardless of photoirradiation. That is, a
film formed from an alignment film material including a
polymer containing a constitutional unit exhibiting a property
of controlling alignment of the liquid crystal molecules by
photoirradiation and a constitutional unit exhibiting the prop-
erty of controlling alignment of the liquid crystal molecules
regardless of photoirradiation is provided with an alignment
treatment by photoirradiation, and thereby the AC image
sticking can be suppressed. As a result, the above-mentioned
problems have been admirably solved, leading to completion
of the present invention.

[0028] That is, the present invention is a liquid crystal dis-
play device including:

[0029] a pair of substrates;
[0030] aliquid crystal layer containing liquid crystal mol-
ecules; and
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[0031] an alignment film,

[0032] theliquid crystal layer being interposed between the
pair of substrates,

[0033] the alignment film being arranged on a liquid crystal
layer side-surface of at least one of the pair of substrates,
[0034] wherein the alignment film is obtainable by provid-
ing a film with an alignment treatment by photoirradiation,

[0035] the film being formed from an alignment film mate-
rial,
[0036] the alignment film material including a polymer

containing a first constitutional unit and a second constitu-
tional unit,

[0037] the first constitutional unit exhibiting a property of
controlling alignment of the liquid crystal molecules by pho-
toirradiation,

[0038] the second constitutional unit exhibiting the prop-
erty of controlling alignment of the liquid crystal molecules
regardless of photoirradiation (hereinafter, also referred to as
a“firstliquid crystal display device of the present invention™).
[0039] The first liquid crystal display device of the present
invention is described in more detail below.

[0040] According to the first liquid crystal display device of
the present invention, a liquid crystal layer containing liquid
crystal molecules is interposed between a pair of substrates,
and an alignment film is arranged on a liquid crystal layer-
side surface of at least one of the pair of substrates.

[0041] The configuration of the first liquid crystal display
device of the present invention is not especially limited as
long as the first liquid crystal display device essentially
includes such standard components a common liquid crystal
display device has. The first liquid crystal display device may
or may not include other components.

[0042] The first liquid crystal display device of the present
invention may be a passive matrix liquid crystal display
device, but preferably an active matrix liquid crystal display
device. Thus, it is preferable that the first liquid crystal dis-
play device includes pixels arranged in a matrix pattern,

[0043] the pixels including a pixel electrode and a common
electrode,
[0044] the pixel electrode being arranged in a matrix pat-

tern on a liquid crystal layer side-surface of one of the pair of
substrates, and

[0045] the common electrode being arranged on a liquid
crystal layer side-surface of the other substrate.

[0046] Ttis preferable that the alignment film is arranged on
liquid crystal layer side-surfaces of the both substrates in
order to improve display qualities and responsiveness of the
first liquid crystal display device.

[0047] In order to more suppress the AC image sticking, it
is preferable that the first liquid crystal display device
includes, on liquid crystal layer-side surfaces of the both
substrates, an alignment film obtainable by providing a film
with an alignment treatment by photoirradiation, the film
being formed from an alignment film material, the alignment
film material including a polymer containing a first constitu-
tional unit and a second constitutional unit, the first constitu-
tional unit exhibiting a property of controlling alignment of
the liquid crystal molecules by photoirradiation, the second
constitutional unit exhibiting the property of controlling
alignment of the liquid crystal molecules regardless of pho-
toirradiation.

[0048] The above-mentioned alignment film is obtainable
by providing a film with an alignment treatment by photoir-
radiation, the film being formed from an alignment film mate-
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rial including a polymer containing a first constitutional unit
and a second constitutional unit. The first constitutional unit
exhibits the property of controlling alignment of the liquid
crystal molecules by photoirradiation. The second constitu-
tional unit exhibits the property of controlling alignment of
the liquid crystal molecules regardless of photoirradiation.
According to this, the AC image sticking can be suppressed
even if the alignment film is provided with an alignment
treatment by photoirradiation, and thereby a liquid crystal
display device having excellent display qualities can be pro-
vided, and advantages in terms of production processes of the
photo-alignment method can be taken. In addition, a coating
property of the alignment film material can be improved. For
example, the advantages of the photo-alignment method are
as follows: the alignment film can be subjected to the align-
ment treatment in a contact-less manner, and so soils, dusts,
and the like, which are generated by the alignment treatment,
can be reduced; generation of display defects (such as rub-
bing line), which might be caused by a mechanical alignment
treatment such as a rubbing method, can be suppressed; and
the alignment film is exposed through a photomask where
transmissive parts are formed in a desired pattern, and thereby
each pixel can be easily divided into plural domains with a
desired design (planar shape).

[0049] Inthe polymer, how the constitutional units are dis-
tributed is not especially limited. The polymer may be any of
an alternating copolymer, a block copolymer, a random
copolymer, and a graft copolymer. The molecular weight of
the polymer is not especially limited, but it is preferable the
polymer has a molecular weight suitable for use as the align-
ment film, similarly to a polymer contained in a conventional
alignment film material. The proportion of each constitu-
tional unit in the polymer is not especially limited, but a
preferable ratio (% by weight) between the two constitutional
units is mentioned below.

[0050] The alignment film is provided with an alignment
treatment by photoirradiation (preferably, ultraviolet light-
irradiation). So it is preferable that the alignment film is
sensitive to light, particularly UV light, and more specifically,
it is preferable that the alignment film reacts to light, particu-
larly UV light at a smaller exposure energy in a short time. In
order to shorten a tact time in the production process, the
alignment film is preferably photoirradiated at an exposure
energy of 100 mJ/cm? or less, and more preferably at an
exposure energy of 50 mJ/cm? or less. If the alignment film is
provided with an alignment treatment by compartmentalizing
each pixel region into some regions and separately exposing
the regions through a light-shielding mask (photomask) and
the like, it is preferable that the alighment film is photoirra-
diated at an exposure energy of 20 mJ/cm? or less.

[0051] Preferable embodiments of the first liquid crystal
display device of the present invention are mentioned in more
detail below.

[0052] As means for exhibiting the property of controlling
alignment of the liquid crystal molecules by photoirradiation
in the first constitutional unit, a photofunctional group is
preferable, and particularly a photofunctional group con-
tained in a side chain of the first constitutional unit is prefer-
able. As a result, the first liquid crystal display device can be
more easily provided, and the AC image sticking can be more
effectively reduced. Thus, it is preferable that the first consti-
tutional unit contains a photofunctional group, and it is more
preferable that the first constitutional unit has a side chain
containing a photofunctional group.
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[0053] 1In the present description, the photofunctional
group is not especially limited as long as it is a functional
group capable of exhibiting the property of controlling align-
ment of the liquid crystal molecules by photoirradiation. The
photofunctional group is preferably a group that can undergo
at least one of a crosslinking reaction (including a dimeriza-
tion), a decomposition reaction, an isomerization reaction,
and a photorealignment reaction, more preferably at least one
of a crosslinking reaction (including a dimerization), a
isomerization reaction, and a photorealignment reaction, by
light, preferably UV light, and more preferably polarized UV
light.

[0054] As means for exhibiting the property of controlling
alignment of the liquid crystal molecules regardless of pho-
toirradiation in the second constitutional unit, an alignment
functional group is preferable, and an alignment functional
group that is contained in a side chain of the second consti-
tutional unit is particularly preferable. As a result, the first
liquid crystal display device can be more easily provided, and
the AC image sticking can be more effectively reduced. Thus,
it is preferable that the second constitutional unit contains an
alignment functional group, and it is more preferable that the
second constitutional unit has a side chain containing an
alignment functional group.

[0055] The alignment functional group is not especially
limited as long as it is a functional group capable of exhibiting
the property of controlling alignment of the liquid crystal
molecules regardless of photoirradiation, and publicly known
alignment functional groups such as a vertical alignment
functional group and a horizontal alignment functional group
may be used. The vertical alignment functional group is not
especially limited as long as it is a functional group capable of
exhibiting a property of vertically aligning liquid crystal mol-
ecules, but preferably a functional group capable of exhibit-
ing such a property by rubbing or without any treatment, more
preferably without any treatment, i.e., without the alignment
treatment. The horizontal alignment functional group is not
especially limited as long as it is a functional group capable of
exhibiting a property of horizontally aligning liquid crystal
molecules, but preferably a group capable of exhibiting such
a property by rubbing or without any treatment.

[0056] Thus, the first liquid crystal display device may be a
liquid crystal display device including: a pair of substrates; a
liquid crystal layer containing liquid crystal molecules; and
an alignment film, the liquid crystal layer being interposed
between the pair of substrates, the alignment film being
arranged on a liquid crystal layer side-surface of at least one
of the pair of substrates, wherein the alignment film is obtain-
able by providing a film with an alignment treatment by
photoirradiation, the film being formed from an alignment
film material, the alignment film material including a polymer
containing the following two constitutional units: one con-
taining a photofunctional group and controlling an alignment
direction of liquid crystal molecules that are positioned on the
alignment film surface by photoirradiation to the alignment
film; the other containing an alignment functional group and
controlling an alignment direction of liquid crystal molecules
thatare positioned on the alignment film surface regardless of
photoirradiation to the alignment film.

[0057] 1t is preferable that the first and second constitu-
tional units align the liquid crystal molecules in the same
direction. As aresult, the first liquid crystal display device can
be effectively driven in a single liquid crystal mode such as
VATN, TN, ECB, IPS (in-plane switching) modes. The same
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direction is not necessarily strictly the same direction, and
may be almost the same direction as long as the device can be
driven in a single liquid crystal mode.

[0058] From the same viewpoint, it is preferable that the
alignment film uniformly controls the liquid crystal mol-
ecules in a plane of the alignment film. In the present descrip-
tion, the term “uniformly” does not necessarily mean that the
liquid crystal molecules are aligned strictly uniformly as long
as a single liquid crystal mode can be achieved.

[0059] In order to effectively drive the first liquid crystal
display device in VA mode such as VATN mode, it is prefer-
able that the alignment film is a vertical alignment film that
aligns the liquid crystal molecules vertically. In the present
description, the term “vertically” does not necessarily mean
that the liquid crystal molecules are aligned strictly vertically
to the alignment film surface, and may be aligned vertically to
the alignment film surface to such an extent that VA mode
such as VATN mode can be achieved.

[0060] More specifically, in order to effectively drive the
first liquid crystal display device in VA mode such as VATN
mode, it is preferable that the alignment film aligns the liquid
crystal molecules in such a way thatan average pretilt angle of
the liquid crystal layer is 87° to 89.5°, more preferably 87.5°
to 88.5°. As aresult, the liquid crystal display device in VATN
mode excellent in viewing angle characteristics, responsive-
ness, and light transmittance, can be provided. More specifi-
cally, in order to suppress adverse effects on contrast in VATN
mode (suppress increase in luminance under black display
state), it is preferable that the alignment film aligns the liquid
crystal molecules in such a way that an average pretilt angle of
the liquid crystal layer is 87° or more, and more preferably
87.5° or more. In order to suppress an afterimage that is
generated when a display face is pressed and to adjust an
extinction position within a plus or minus 5° under the con-
ditions of: polarization plates that are arranged in Cross-Nicol
state are rotated 45°; and avoltage applied to the liquid crystal
layer of 7.5V, it is preferable that the alignment film aligns the
liquid crystal molecules in such a way that an average pretilt
angle of the liquid crystal layer is 89.5° or less, and more
preferably 88.5° or less.

[0061] In order to effectively drive the first liquid crystal
display device in VA mode such as VATN mode, it is prefer-
able that the second constitutional unit has a side chain con-
taining a vertical alignment functional group. As a result, the
liquid crystal display device in VA mode such as VATN mode
can be easily provided.

[0062] In the present description, the average pretilt angle
of the liquid crystal layer is an angle made by a substrate
surface and a direction (polar angle direction) of an average
profile (director) of liquid crystal molecules in the thickness
direction of the liquid crystal layer under no voltage applica-
tion between the substrates. An apparatus for measuring the
average pretilt angle of the liquid crystal layer is not espe-
cially limited, and a commercially available tilt angle-mea-
suring apparatus (product of SHINTEC, Inc., trade name:
OPTIPRO) may be mentioned, for example. According to this
apparatus, a substrate surface is defined as 0° and the direc-
tion vertical to this substrate surface is defined as 90°, and the
average profile of liquid crystal molecules in the thickness
direction of the liquid crystal layer is measured as a pretilt
angle. So such an apparatus is preferably used to measure the
average pretilt angle It is considered that the average pretilt
angle of the liquid crystal layer depends on a profile of liquid
crystal molecules near an alignment film (on an interface
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between the liquid crystal layer and the alignment film), and
the liquid crystal molecules that are positioned on the inter-
face induce elastic deformation of liquid crystal molecules in
the bulk (middle) of the liquid crystal layer. In addition, it is
considered that the profile of the liquid crystal molecules is
different between the vicinity of the alignment film (inter-
face) and the bulk (middle) of the liquid crystal layer, and to
be exact, the directions of profiles (polar angle directions) of
the liquid crystal molecules are also different between the
two.

[0063] The following embodiments are preferable in order
to effectively drive the first liquid crystal display device in
VATN mode and stably adjust the average pretilt angle of the
liquid crystal layer to 87° to 89.5°, which is a suitable angle in
VATN mode, and further, more suppress the AC image stick-
ing. It is preferable that the first constitutional unit has a side
chain containing at least one photofunctional group selected
from the group consisting of a coumarin group, a cinnamate
group, a chalcone group, an azobenzene group, and a stilbene
group. Itis preferable that the second constitutional unit has a
side chain containing a steroid skeleton. The second consti-
tutional unit may have a side chain having a structure in which
three or four rings 0f 1,4-cyclohexylene and/or 1,4-phenylene
are linearly bonded to one another directly or with 1,2-ethyl-
ene therebetween. That is, the second constitutional unit may
be the following unit. The unit has a side chain having a
structure where three or four rings are linearly bonded to one
another, and the three or four rings are each independently
selected from 1,4-cyclohexylene and 1,4-phenylene, and the
three or four rings are each independently bonded to one
another through a single bond or with 1,2-ethylene therebe-
tween. In addition, it is preferable that the second constitu-
tional unit has a side chain having a structure where three or
four rings are linearly bonded to one another, two rings on the
end of the three or four rings are 1,4-phenylene, and one or
two rings on the main chain side of the three or four rings are
each independently selected from 1,4-cyclohexylene and 1,4-
phenylene, and the three or four rings are bonded to one
another through a single bond. It is preferable that the poly-
mer has at least one main chain structure selected from the
group consisting of a polyamic acid, a polyimide, a polya-
mide, and a polysiloxane. It is preferable that each of the first
and second constitutional units is derived from adiamine. Itis
preferable that the polymer is a copolymer obtainable by
polymerizing a monomer component containing a diamine
and at least one of an acid anhydride and a dicarboxylic acid.
[0064] Thepolymer may bea polyamide-imide polymer. In
order to improve heat resistance and electrical characteristics
of the alignment film, it is more preferable that the polymer
has a main chain structure of at least one of a polyamic acid
and a polyimide. That is, the polymer is more preferably a
copolymer obtainable by polymerizing a monomer compo-
nent containing a diamine and an acid anhydride.

[0065] In order to more effectively suppress the AC image
sticking, it is preferable that a ratio by weight (introduction
ratio) of a monomer component of the second constitutional
unit to a monomer component of the first constitutional unit is
4% to 40%, and more preferably 15% to 40%. In order to
more effectively suppress the AC image sticking and more
increase the average pretilt angle of the liquid crystal layer in
VATN mode, a ratio by weight of a monomer component of
the second constitutional unit to amonomer component of the
first constitutional unit is preferably 4% or more, and more
preferably 15% or more. In order to more effectively suppress
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the AC image sticking and to more decrease the average
pretilt angle of the liquid crystal layer in VATN mode, it is
preferable that a ratio by weight of a monomer component of
the second constitutional unit to a monomer component of the
first constitutional unit is 40% or less.

[0066] Ttis preferable that the liquid crystal display device
includes pixels arranged in a matrix pattern, each of the pixels
including a pixel electrode and a common electrode, the pixel
electrode being arranged in a matrix pattern on aliquid crystal
layer side-surface of one of the pair of substrates, the common
electrode being arranged on a liquid crystal layer side-surface
of the other substrate, wherein each of the pixel includes two
or more domains adjacent to each other. According to such an
embodiment, a boundary between adjacent two domains is
redundantly exposed, and in such a part (doubly-exposed
part), the AC image sticking tends to be strongly generated. In
the doubly-exposed part, the pretilt angle of the liquid crystal
molecules tends to vary. However, if the alignment film of the
present invention is applied to this embodiment, the AC image
sticking and the variation in pretilt angle of the liquid crystal
molecule in the doubly-exposed part can be effectively sup-
pressed, and the viewing angle can be increased. In addition,
in order to increase the viewing angle in four directions, for
example, upper, lower, right, and left directions, it is prefer-
able that the pixel has four domains.

[0067] Thus, it is preferable in the liquid crystal display
device that each pixel region is compartmentalized into some
regions and the regions are separately exposed (photoirradi-
ated), and thereby alignment division is provided for the
device. VATN and ECB mode is preferable and VATN mode
is particularly preferable as the multi-domain liquid crystal
mode.

[0068] The above-mentioned various embodiments in the
first liquid crystal display device may be appropriately com-
bined.

[0069] The present invention is also a liquid crystal display
device including: a pair of substrates; a liquid crystal layer
containing liquid crystal molecules; and an alignment film,
the liquid crystal layer being interposed between the pair of
substrates, the alignment film being arranged on a liquid
crystal layer side-surface of at least one of the pair of sub-
strates, wherein the alignment film includes a polymer con-
taining: a third constitutional unit having a structure derived
from a photofunctional group; and a fourth constitutional unit
having an alignment functional group (hereinafter, also
referred to as a “second liquid crystal display device of the
present invention™).

[0070] The second liquid crystal display device of the
present invention is described in more detail below.

[0071] According to the second liquid crystal display
device, a liquid crystal layer containing liquid crystal mol-
ecules is interposed between a pair of substrates, and an
alignment film is arranged on a liquid crystal layer-side sur-
face of at least one of the pair of substrates.

[0072] The configuration of the second liquid crystal dis-
play device is not especially limited as long as the second
liquid crystal display device essentially includes such stan-
dard components a common liquid crystal display device has.
[0073] The second liquid crystal display device may be a
passive matrix liquid crystal display device, but preferably an
active matrix liquid crystal display device. Thus, it is prefer-
able that the second liquid crystal display device includes
pixels arranged in a matrix pattern,
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[0074] the pixels including a pixel electrode and a common
electrode,
[0075] the pixel electrode being arranged in a matrix pat-

tern on a liquid crystal layer side-surface of one of the pair of
substrates, and

[0076] the common electrode being arranged on a liquid
crystal layer side-surface of the other substrate.

[0077] From the same viewpoint as mentioned in the first
liquid crystal display device, according to the second liquid
crystal display device, it is preferable that the alignment film
is arranged on liquid crystal layer side-surfaces of the both
substrates, and further it is preferable that the second liquid
crystal display device includes an alignment film on liquid
crystal layer-side surfaces of the both substrates, and the
alignment film includes a polymer containing; a third consti-
tutional unit having a structure derived from a photofunc-
tional group; and a fourth constitutional unit having an align-
ment functional group without a photofunctional group and a
structure derived from a photofunctional group.

[0078] The alignment film includes a polymer containing:
the third constitutional unit having a structure derived from a
photofunctional group, and the fourth constitutional unit hav-
ing an alignment functional group without a structure derived
from a photofunctional group. As a result, the second liquid
crystal display device can exhibit the same effects as in the
first liquid crystal display device.

[0079] The structure derived from the photofunctional
group is not especially limited, and preferably is at least one
structure selected from the group consisting of a photofunc-
tional group-bonding structure, a decomposition reaction, a
photoisomerization structure, and a photorealignment struc-
ture.

[0080] More specifically, the structure derived from the
photofunctional group is at least one structure selected from
the group consisting of a photofunctional group-bonding
structure, a photofunctional group-decomposition structure,
a photofunctional group-photoisomerization structure, and a
photofunctional group-photorealignment structure.

[0081] The photofunctional group-bonding structure is a
structure resulting from bonding of photofunctional groups
by photoirradiation. It is preferable that this structure is
formed through a crosslinking reaction (including a dimer-
ization reaction).

[0082] The photofunctional group-decomposition struc-
ture is a structure resulting from decomposition of a photo-
functional group by photoirradiation.

[0083] The photofunctional group-photoisomerization
structure is a structure resulting from isomerization of a
photofunctional group by photoirradiation. Accordingly, the
third constitutional unit has, for example, a structure obtained
when a cis-(trans-)photofunctional group is changed into its
trans-(cis- )photofunctional group through an excitation state
by photoirradiation.

[0084] Thephotofunctional group-photorealignment struc-
ture is a structure resulting from photorealignment of a photo-
functional group. The photorealignment means that a photo-
functional group changes only its direction by
photoirradiation without being isomerized. Accordingly, the
third constitutional unit has, for example, a structure obtained
when a cis-(trans-)photofunctional group changes its direc-
tion through an excitation state without being isomerized by
photoirradiation.

[0085] Inthe polymer, how the constitutional units are dis-
tributed is not especially limited. The polymer may be any of
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an alternating copolymer, a block copolymer, a random
copolymer, and a graft copolymer. The molecular weight of
the polymer is not especially limited, but it is preferable that
the polymer has a molecular weight suitable for use as the
alignment film, similarly to a polymer contained in a conven-
tional alignment film. The proportion of each constitutional
unit in the polymer is not especially limited, but a preferable
ratio (% by weight) between the two constitutional units is
mentioned below.

[0086] The alignment film is provided with an alignment
treatment by photoirradiation (preferably, UV light-irradia-
tion). So it is preferable that the alignment film is sensitive to
light, particularly UV light, and more specifically, it is pref-
erable that the alignment film reacts to light, particularly UV
light with a smaller exposure energy and in a short time. In
order to shorten a tact time in the production process, the
alignment film is preferably photoirradiated at an exposure
energy of 100 mJ/cm? or less, and more preferably at an
exposure energy of 50 mJ/cm? or less. If the alignment film is
provided with an alignment treatment by compartmentalizing
each pixel region into some regions and separately exposing
the regions through a light-shielding mask (photomask) and
the like, it is preferable that the alignment film is photoirra-
diated at an exposure energy of 20 mJ/cm? or less.

[0087] Preferable embodiments of the second liquid crystal
display device are mentioned in more detail below.

[0088] In order to more uniformly align liquid crystal mol-
ecules, that is, suppress a variation in pretilt angle, it is pref-
erable that the third constitutional unit has at least one struc-
ture selected from the group consisting of a photofunctional
group-bonding structure, a photoisomerization structure, and
a photorealignment structure.

[0089] Itis preferable that the third constitutional unit has a
side chain having a structure derived from a photofunctional
group. It is preferable that the fourth constitutional unit has a
side chain containing an alignment functional group but not
having a structure derived from a photofunctional group. As a
result, the second liquid crystal display device can more eas-
ily provided, and the AC image sticking can be more effec-
tively reduced.

[0090] The alignment functional group is not especially
limited as long as itis a functional group capable of exhibiting
a property of controlling alignment of liquid crystal mol-
ecules regardless of photoirradiation, and publicly known
alignment functional groups such as a vertical alignment
functional group and a horizontal alignment functional group
may be used. Similarly to the first liquid crystal display
device, the vertical alignment functional group is preferably a
functional group capable of exhibiting a property of aligning
liquid erystal molecules vertically by rubbing or without any
treatment, more preferably without any treatment, i.e., with-
out the alignment treatment. The horizontal alignment func-
tional group is preferably a functional group capable of exhib-
iting a property of aligning liquid crystal molecules
horizontally by rubbing or without any treatment.

[0091] From the same viewpoint as in the first liquid crystal
display device, according to the second liquid crystal display
device, the following embodiments are preferable. It is pref-
erable that the third and fourth constitutional units align the
liquid crystal molecules in the same direction. It is preferable
that the alignment film uniformly controls alignment of the
liquid crystal molecules in a plane of the alignment film. It is
preferable that the alignment film is a vertical alignment film
that aligns liquid crystal molecules vertically. It is preferable

Apr. 8,2010

that the alignment film aligns the liquid crystal molecules in
such a way that an average pretilt angle of the liquid crystal
layer is 87° or more, and more preferably 87.5° or more. It is
preferable that the alignment film aligns the liquid crystal
molecules in such a way that an average pretilt angle of the
liquid crystal layer is 89.5° or less, more preferably 88.5° or
less. It is preferable that the alignment film aligns the liquid
crystal molecules in such a way that an average pretilt angle of
the liquid crystal layer is 87° to 89.5°, more preferably 87.5°
to 88.5°. Itis preferable that the fourth constitutional unit has
a side chain containing a vertical alignment functional group.
It is preferable that the third constitutional unit has a side
chain having a structure derived from at least one photofunc-
tional group selected from the group consisting of a coumarin
group, a cinnamate group, a chalcone group, an azobenzene
group, and a stilbene group. It is preferable that the fourth
constitutional unit has a side chain containing a steroid skel-
eton. The fourth constitutional unit may have a side chain
having a structure where three or four rings of 1,4-cyclohexy-
lene and/or 1,4-phenylene are linearly bonded to one another
directly or with 1,2-ethylene therebetween. That is, the fourth
constitutional unit may be the following unit The unit has a
side chain having a structure where three or four rings are
linearly bonded to one another, and the three or four rings are
each independently selected from 1,4-cyclohexylene and 1,4-
phenylene, and the three of four rings are each independently
bonded to one another through a single bond or with 1,2-
ethylene therebetween. In addition, it is more preferable that
the second constitutional unit has a side having a structure
where three or four rings are linearly bonded to one another,
and two rings on the end of the three of four rings are 1,4-
phenylene, and one or two rings on the main chain side of the
three or four rings are each independently selected from 1,4-
cyclohexylene and 1,4-phenylene, and the three or four rings
are bonded to one another through a single bond. It is prefer-
able that the polymer has at least one main chain structure
selected from the group consisting of a polyamic acid, a
polyimide, a polyamide, and a polysiloxane. It is preferable
that each of the third and fourth constitutional units is derived
from a diamine. It is preferable that the polymer is a copoly-
mer obtainable by polymerizing a monomer component con-
taining a diamine and at least one of an acid anhydride and a
dicarboxylic acid. The polymer may be a polyimide-amide
polymer. It is more preferable that the polymer has a main
chain structure of at least one of a polyamic acid and a poly-
imide. The polymer is more preferably a copolymer obtain-
able by polymerizing a monomer component containing a
diamine and an acid anhydride. It is preferable that a ratio by
weight of a monomer component of the fourth constitutional
unit to a monomer component of the third constitutional unit
is preferably 4% or more, and more preferably 15% or more.
It is preferable that a ratio by weight of a monomer compo-
nent of the fourth constitutional unit to a monomer compo-
nent of the third constitutional unit is 40% or less. It is pref-
erable that a ratio by weight (introduction ratio) of a monomer
component of the fourth constitutional unit to a monomer
component of the third constitutional unit is 4% to 40%, and
more preferably 15% to 40%. It is preferable that the liquid
crystal display device includes pixels arranged in a matrix
pattern, the pixels including a pixel electrode and a common
electrode, the pixel electrode being arranged in a matrix pat-
tern on a liquid crystal layer side-surface of one of the pair of
substrates, the common electrode being arranged on a liquid
crystal layer side-surface of the other substrate, wherein the
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pixels include two or more domains adjacent to each other. Tt
1s preferable that the pixel has four domains. It is preferable in
the liquid crystal display device that each pixel region is
divided into some regions and the regions are separately
exposed (photoirradiated), and thereby alignment division is
provided for the device. VATN and ECB mode is preferable
and VATN mode is particularly preferable as the multi-do-
main liquid crystal mode. Thus, the various embodiments in
the first liquid crystal display device can be appropriately
applied to the second liquid crystal display device.

[0092] The above-mentioned various embodiments in the
second liquid crystal display device are appropriately com-
bined.

[0093] The present invention is also a polymer for align-
ment film materials, included in an alignment film material
for the alignment film included in the above-mentioned liquid
crystal display devices. According to this, the AC image stick-
ing in a liquid crystal display device can be suppressed, and a
liquid crystal display device with excellent display qualities
can be provided. In addition, the alignment film can be pro-
vided with an alignment treatment by a photo-alignment
method, and a liquid crystal display device can be easily
provided. In addition, a coating property of an alignment film
material can be improved.

[0094] The various embodiments of the polymers in the
first and second liquid crystal display devices of the present
invention can be appropriately applied to the polymer for
alignment film materials of the present invention.

EFFECT OF THE INVENTION

[0095] According to the liquid crystal display device and
the polymer for alignment film materials of the present inven-
tion, generation of the AC image sticking can be suppressed.

BEST MODES FOR CARRYING OUT THE
INVENTION

[0096] The present invention is mentioned in more detail
below with reference to Embodiments using drawings, but
not limited to only these Embodiments. In the present
Embodiment, a VATN liquid crystal display device is men-
tioned in detail, but the present invention can be applied to
horizontal alignment TN, IPS, and ECB devices, and suppres-
sion of the AC image sticking is expected. That is, if the
present invention is applied to a horizontal alignment device,
the following copolymer may be used as a polymer included
in an alignment film material. The copolymer is obtainable by
polymerizing a constitutional unit having a side chain not
containing a vertical alignment functional group (for
example, a diamine) or a constitutional unit having a side
chain containing a hydrophilic functional group or a horizon-
tal alignment functional group (for example, a diamine) with
aconstitutional unit containing a horizontal alignment photo-
functional group (for example, a diamine).

Embodiment 1

[0097] The present Embodiment is mentioned in the fol-
lowing order: 1. alignment film material: 2. preparation
method of alignment film; 3. basic operations ofTiquid crystal
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display device; 4. production method of liquid crystal display
device; and 5. evaluation test of AC image sticking

1. Alignment Film Material

[0098] The alignment film material of the present Embodi-
ment includes a polymer essentially containing a first consti-
tutional unit and a second constitutional unit. The first con-
stitutional unit exhibits a property of controlling alignment of
liquid crystal molecules by photoirradiation. The second con-
stitutional unit exhibits a property of controlling alignment of
liquid crystal molecules regardless of photoirradiation. More
particularly the first constitutional unit has a side chain con-
taining a photofunctional group, and the second constitu-
tional unit has a side chain containing a vertical alignment
functional group. Thus, the side chain of the second consti-
tutional unit contains a functional group that aligns liquid
crystal molecules vertically, that is, a functional group that
aligns the liquid crystal molecules substantially vertically to
the alignment film surface. The essential constitutional units
(the first constitutional unit and the second constitutional
unit) of the polymer align liquid crystal molecules in the same
direction (the same to such an extent that the device can be
driven in VATN mode). The alignment film of the present
Embodiment, which is obtainable by providing a film with an
alignment treatment by photoirradiation, the film being
formed from the alignment film material of the present
Embodiment, can align liquid crystal molecules uniformly
(to such an extent that the device can be driven in VATN
mode) in the alignment film plane. Thus, the alignment film of
the present Embodiment is a vertical alignment film that
controls alignment of liquid crystal molecules substantially
vertically to the alignment film surface. It is preferable that
the alignment film controls alignment of the liquid crystal
molecules in such a way that the average pretilt angle of the
liquid crystal layer is 87° to 89.5°, more preferably 87.5° to
88.5°,

[0099] Each of the essential constitutional units is derived
from adiamine. That is, the diamine is a monomer component
of the essential constitutional units. The polymer of the
present Embodiment is a copolymer obtainable by polymer-
izing a monomer component containing a diamine and an
acid anhydride. The polymer of the present Embodiment has
a main chain structure of at least one of a polyamic acid and
apolyimide. Thus, the liquid crystal display device including
the alignment film formed from the alignment film material of
the present Embodiment can be effectively driven in VATN
mode, and the average pretilt angle of the liquid crystal layer
can be stably controlled to 87° to 8§9.5° (more preferably
87.5° to 88.5°), which is preferable in VATN mode. In addi-
tion, the AC image sticking is effectively suppressed.

[0100] The polymer of the present Embodiment is men-
tioned with reference to FIG. 1. FIG. 1 shows a basic structure
of the polymer included in the alignment film material in
accordance with the present Embodiment. In FIG. 1, the part
encircled by the solid line is a unit derived from an acid
anhydride (acid anhydride unit); the part encircled by the
dashed line is a unit derived from a diamine for a photo-
alignment film, i.e., a diamine having a side chain 21 contain-
ing a photofunctional group (photo-alignment diamine unit);
and the part encircled by the dashed-dotted line is a umt
derived from a diamine for a vertical alignment film, i.e., a
diamine having a side chain 22 containing a vertical align-
ment functional group (vertical alignment diamine unit). As
shown in FIG. 1, the polymer of the present Embodiment is a
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copolymer obtainable by polymerizing two diamines that are
monomer components of the first and second constitutional
units with an acid anhydride. One of the two diamines is a
diamine having a side chain containing a photofunctional
group and the other is a diamine having a side chain contain-
ing a vertical alignment functional group. The polymer of the
present Embodiment is a polyamic acid or a polyimide con-
stituted by acid anhydride unit and the photo-alignment
diamine unit or the vertical alignment diamine unit, alter-
nately arranged. According to a polymer for a conventional
alignment film, if the alignment film is a photo-alignment
film, the polymer is a polyamic acid or a polyimide consti-
tuted by an acid anhydride unit and a photo-alignment
diamine unit, alternately arranged, and if the alignment film is
a vertical alignment film, the polymer is a polyamic acid or a
polyimide constituted by an acid anhydride unit and a photo-
alignment diamine unit, alternately arranged.

[0101] The first constitutional unit contains at least one
photofunctional group selected from the group consisting of
a cinnamate group (the following formula (1)), a culcon
group (the following formula (2)), an azobenzene group (the
following formula (3)), a stilbene group (the following for-
mula (4)), a cinnamoyl group, and a coumarin group. These
photofunctional groups undergo any of a crosslinking reac-
tion (including a dimerization reaction), isomerization, pho-
torealignment, or a complex reaction thereof by photoirradia-
tion, thereby exhibiting a function of aligning liquid crystal
molecules that are positioned on the alignment film surface in
a desired direction depending on photoirradiation conditions
such as an irradiation angle. A coumarin derivative includes a
compound represented by the following formula (5), for
example. Particularly, it is preferable that the first constitu-
tional unit has a side chain containing at least one photofunc-
tional group selected from the group consisting of a cin-
namate group (absorption wavelength (Amax) of 270 nm), a
culcon group (absorption wavelength (Amax) of 300 nm), an
azobenzene group (absorption wavelength (Amax) of 350
nm), and a stilbene group (absorption wavelength (Amax) of
295 nm). According to this, the liquid crystal display device
of the present invention can be effectively driven in VATN
mode, and the average pretilt angle of the liquid crystal layer
can be stably controlled within 87° to 89.5° (more preferably,
87.5° to 88.5°), which is a preferable range for VATN mode.
In addition, the AC image sticking is effectively suppressed.
These photofunctional groups may be used singly or in com-
bination of two or more species of them.

[Formula 1]

@
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[0102] The second constitutional unit may contain a verti-
cal functional group included in a conventional vertical align-
ment film. In particular, the second constitutional unit is pref-
erably derived from a diamine represented by the following

formula (7), (8), or (9). These diamines may be used singly or
in combination of two or more species of them.
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[Formula 2]
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[0103] in the formula (7),

[0104] X representing a single bond, —O—, —CO—,
—C00—, —0CO—, —NHCO—, —CONH—, —S—, or
an arylene group; and

[0105] R*representing an alkyl group with 10 to 20 carbon
atoms, a monovalent organic group having an alicyclic skel-
eton with 4 to 40 carbon atoms, and a fluorine atom-contain-
ing monovalent organic group with 6 to 20 carbon atoms.

[Formula 3]

®)
N o
HN— :—X—R5—X—— :—NH2
~ N

[0106] in the formula (8),

[0107] X representing a single bond, —O—, —CO—,
—C00—, —0CO—, —NHCO—, —CONH—, —S—, or
an arylene group; and

[0108] R’ representing an alicyclic skeleton-containing
divalent organic group with 4 to 40 carbon atoms.

[Formula 4]

®
NI,

R6—A!—B!—A?—B2—A*—B’—A*—0

NI,

[0109] in the formula (9),

[0110] A', A% and A’ being each independently 1,4-cyclo-
hexylene or 1,4-phenylene;

[0111] A* representing 1,4-cyclohexylene, 1,4-phenylene
or a single bond,

[0112] B!, B% and B? being each independently a single
bond or 1,2-ethylene;

[0113] R representing an alkyl with 1 to 20 carbon atoms
and one—CH,— in the alkyl may be substituted with —O—.
[0114] Inthe formula (7), examples of the alkyl group with
10 to 20 carbon atoms, represented by R* include: an n-decyl
group, an n-dodecyl group, an n-pentadecyl group, an n-hexa-
decyl group, an n-octadecyl group, and an n-eicosyl group.
[0115] Examples of the organic group having an alicyclic
skeleton with 4 to 40 carbon atoms, represented by R* in the
formula (7) and R® in the formula (8), include: a group con-
taining an alicyclic skeleton derived from cycloalkanes such
as cyclobutane, cyclopentane, cyclohexane, and cyclode-
cane; steroid skeleton-containing groups such as cholesterol
and cholestanol; and bridged alicyclic skeleton-containing
groups such as norbornene and adamantine. Among them, the
steroid skeleton-containing groups are particularly prefer-
able. The organic group having an alicyclic skeleton may be
substituted with a halogen atom, preferably a fluorine atom,
or a fluoroalkyl group, preferably a trifluoromethyl group.
[0116] Examples of the fluorine atom-containing group
with 6 to 20 carbon atoms, represented by R* in the formula
(7), include groups obtained by substituting some or all of
hydrogen atoms in the following organic groups with a fluo-
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rine atom or a fluoroalkyl group such as a triflutoromethyl
group. The organic groups are: straight-chain alkyl groups
with 6 or more carbon atoms, such as an n-hexyl group, an
n-octyl group, and an n-decyl group; alicyclic hydrocarbon
groups with 6 or more of carbon atoms, such as a cyclohexyl
group and a cyclooctyl group; and aromatic hydrocarbon
groups with 6 or more of carbon atoms, such as a phenyl
group and a biphenyl group.

[0117] Examples of X in the formulae (7) and (8) include:
a single bond, —O—, —CO—, —COO—, —0OCO—,
—NHCO—, —CONH—, —S—, or an arylene group.
Examples of the arylene group include a phenylene group, a
tolylene group, a biphenylene group, a naphtylene group.
Among them, —O—, —COO—, and —OCO— are still
more preferable.

[0118] Specific examples of the diamine containing the
group represented by the formula (7) preferably include:
dodecanoxy-2,4-diaminobenzene,  pentadecanoxy-2,4-di-
aminobenzene, hexadecanoxy-2,4-diaminobenzene, octade-
canoxy-2,4-diaminobenzene, and compounds represented by
the following formulae (10) to (15).

[Formula 5]
CH; CH;
H,C CH(CH,);CH
CH;
HsC
COoo
H;N NH,
(19)
CH; CH;
CH(CH,);CH
CH;
HsC
CO0
H;N NH,
1)
CH; CH;
HC CH(CH,);CH=C
CH;
H;C
Co0
H;C CH;
N NH,

12)
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-continued
CH; CH,
CH(CH,);CH=C
HyC (CHy);
CH;
H;C
CO0O
HC  CH;
N NH,
(13)
: : —\ CF
4<:\7 3
COO 00C \ /
N NH,
(14)
: : — F
4<:\7
COO 00C \ /
N NH,

(15)

[0119] Specific examples of the diamine containing the
group represented by the formula (8) preferably include:
diamines represented by the following formulae (16) to (18).

[Formula 6]

?Hz ?H
e CHn\CH2)3CI|{
CH,

H,C

HZNOCOO
OOCONHZ

CH; CH,

(16)

I I
HC CH(CH2)3C}|I
CHy
NI,

H2\1~©7COO‘C‘;5I5

e
ooc@

an
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-continued
CHy CH;

|
CH(CH2)3CP|[

HyC

CH;

(18)

[0120] In the formula (9), RS is any straight or branched
alkyl selected from alkyls with 1 to 20 carbon atoms. One
—CH,— in the alkyl may be substituted with —O—. Spe-
cific examples of the alkyls include: methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptade-
cyl, octadecyl, nonadecyl, eicosyl, isopropyl, isobutyl, sec-
butyl, t-butyl, isopentyl, neopentyl, t-pentyl, 1-methyl pentyl,
2-methyl pentyl, 3-methyl pentyl, 4-methyl pentyl, isohexyl,
1-ethyl pentyl, 2-ethyl pentyl, 3-ethyl pentyl, 4-ethyl pentyl,
2,4-dimethyl hexyl, 2,3,5-triethyl heptyl methoxy, ethoxy,
propyl oxy, butyloxy, pentyl oxy, hexyl oxy, methoxy methyl,
methoxy ethyl, methoxy propyl, methoxy butyl, methoxy
pentyl, methoxyhexyl, ethoxymethyl, ethoxyethyl, ethox-
ypropyl, ethoxy butyl, ethoxy pentyl, ethoxy hexyl, hexyl
oxymethyl, hexyl oxyethyl, hexyl oxypropyl, hexyl oxybutyl,
hexyl oxypentyl, hexyl oxyhexyl. Among them, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octa-
decyl, nonadecyl, eicosyl, and the like are preferably men-
tioned.

[0121] In the formula (9), B', B>, and B’ each indepen-
dently represents a single bond or 1,2-ethylene. The number
of 1,2-ethylene in the formula (9) is preferably 0 or 1.

[0122] In the formula (9), compounds containing some of
R% Al A% A3, A% B!, B?, and B® in a combination shown in
the following Tables 1 to 3 are particularly preferable. In
Tables, B represents 1,4-phenylene; Oh represents 1,4-cyclo-
hexylene; — represents a single bond; and E represents 1,2-
ethylene. Cis-1,4-cyclohexylene, trans-1,4-cyclohexylene
may be mixed, and trans-1,4-cyclohexylene is preferred.

TABLE 1
No. RS Al A2 A} a4 Bl B2 B
1 Me ¢h Ch B — — -
2 n-CH, ¢h Ch B — — -
3 n-GH, ¢h Ch B — — -
4 1-CH, ¢h Ch B — — -
5 n-Cpos ¢h Ch B — — -
6 1-CoHy, ¢h Ch B — — -
7 n-Cyla ¢h Ch B — — -
8 nCH, ¢h ¢Ch B — E — —
9 n-CH, ¢h ¢Ch B — E — —
10 n-CHs ¢h ¢Ch B — E — —
11 1n-CpoHss ¢h ¢Ch B — E — —
12 n-C.Hy, ¢h ¢Ch B — E — —
13 n-Ciolly ¢h ¢Ch B — E — —
14 1-CH, ¢ch ¢Ch B — — E —
15 n-CH,, ¢ch ¢Ch B — — E —
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TABLE 1-continued

No. R® Al A2 A At B B B
16 n-CHy, ¢t ¢« B — — E —
17 n-Cpols ¢ ¢ B — — E —
18 n-Cply ¢h Ch B — — E —
19 n-CgH, g0 ¢h Ch B — — — —
20 nCgHp0 Ch Ch B —  —
21 nCpH O Ch Ch B — E — —
2 nCH), ¢t B Ch — — -
23 nCHj ¢h B Ch — — -
4 n-CHHy ¢ B Ch — — -
TABLE 2
No. RS Al A2 A At B! B B
3 nCH), B ¢Ch Ch — — —
26 n-CHj B ¢Ch Ch — — —
27 n-CoHys B ¢Ch Ch — — —
28 n-CyoHy B ¢Ch Ch — — —
29 nGH, B ¢Ch ¢ — E — —
30 n-CHp B ¢Ch Ch — E — —
31 nGH), B ¢Ch Ch — — E —
32 nCgHy, B ¢ ¢ — — E —
33 nGCH), ¢t B B — — —
34 n-CHj ¢t B B — — —
35 n-CpoHys ¢t B B — — —
36 n-Ci, ¢t B B — — —
37 1-CyoHy ¢t B B — — —
38 nCH), ¢t B B — E — —
39 nCHj ¢t B B — E — —
40 n-GCH, B B ¢ — — — —
4 nCHj B B ¢ — — — —
42 n-CpoHys B B ¢ — — — —
43 n-CH,, B B B — — —
4 nCHy B B B — — — —
45 n-CiH,, ¢Ch Ch Ch B — —
46 n-C/H)s ¢Ch Ch Ch B — —
47 1-Cpolas Ch Ch Ch B - —
48 n-CyH, ¢h Ch B B — —
TABLE 3
No. R® Al A2 A* At Bt B B
49 n-C5H, ¢Ch Ch B B — —
50 n-CHj ¢Ch Ch B B — —
51 n-CHy, ¢Ch Ch B B — —
52 1-CyoHy ¢Ch Ch B B — —
53 nCyH, Ch Ch B B E — —
54 n-CHj Ch Ch B B E — —
55 n-CpoHy ¢ch Ch B B E — —
56 n-C3H, ¢Ch Ch B B — E —
57 nCH) ¢Ch Ch B B — E —
58 n-CjHj ¢ch Ch B B — E —
59 nCHp B B Ch Ch - —
60  1-CHy B B Ch Ch — — —
61 1-CyoHy B B Ch Ch — — —
62 nCH), B B Ch Ch — E —
6 1-CHj B B Ch Ch E  —
6 1-CHj; B B C Ch — — E
65 1-CpyHy B B C Ch — — E
6 1-CsH|| B Ch Ch Ch — — —
67 1-CHj B Ch Ch Ch — — —
68  1-CH| ¢h B B B — —
6  1-CHj ¢h B B B — —
[0123] Specific examples of the diamine containing the

group represented by the formula (9) preferably include a
diamine represented by formula (19).

12
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[Formula 7]
19)
0]
N
(§)
NH,
[0124] Thus, it is preferable that the second constitutional

unit has a side chain having a steroid skeleton or a side chain
having a structure in which three or four rings selected from
1,4-cyclohexylene and 1,4-phenylene are linearly bonded to
one another directly or with 1,2-ethylene therebetween. Thus,
the liquid crystal display device of the present invention can
be effectively driven in VATN mode, and the average pretilt
angle of the liquid crystal layer can be stably controlled
within the range of 87° to 89.5° (preferably 87.5° to 88.5°),
which is a preferable range for VATN mode. In addition, the
AC image sticking is effectively suppressed.

[0125] The following acid anhydrides are preferable as the
acid anhydride used for the copolymer of the present Embodi-
ment. An acid anhydride (PMDA) represented by the formula
(20), an acid anhydride (CBDA) represented by the formula
(21), an acid anhydride (RPDA) represented by the formula
(22), an acid anhydride (exoHDA) represented by the formula
(23), an acid anhydride (BTDA) represented by the formula
(24), an acid anhydride (TCA) represented by the formula
(25), an acid anhydride (NDA) represented by the formula
(26). These acid anhydrides may be used single or in combi-
nation of two or more species of them.

[Formula 8]

o] (0] 0 (0]
[of ] o) 0
0 0 [0) 0O

(20) (21)

0, o]

) o]

22)
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-continued
9 0
0 0
(6]
(23)
(0]
(0] (0]
0] O
[6) 6]
(24)
(0] (€]
(@) O
(6] (0]
(6] O
[6] (6]
0] @]
(25) (26)

[0126] The copolymer of the present Embodiment may be
a polyamide, a polyamide-imide, or a polysiloxane. That is,
the copolymer of the present Embodiment may have a main
chain structure of a polyamide. In this case, the copolymer of
the present Embodiment can be formed by polymerizing the
first and second constitutional units, with a dicarboxylic acid.
The copolymer of the present Embodiment may have a main
chain structure of a polysiloxane, i.¢., a main chain structure
containing a siloxane bond (=Si—0—Si=).

[0127] The copolymer of the present Embodiment may be
constituted by the first constitutional unit containing a photo-
functional group that undergoes a decomposition reaction by
photoirradiation. In order to suppress a variation in pretilt
angle, it is preferable that the first constitutional unit includes
a photofunctional group that undergoes any one of a
crosslinking reaction (including a dimerization reaction),
isomerization, and photorealignment, or a complex reaction
thereof by photoirradiation, as mentioned above. Polyvinyl
alcohols, polyamides, and polyimides, and the like, are men-
tioned as an alignment film material that undergoes a photo-
decomposition reaction (decomposition reaction generated
by light), thereby providing liquid crystals with a pretilt
angle.

[0128] Thereason why the AC image sticking is suppressed
in a liquid crystal display device including an alignment film
formed from the alignment film material of the present
Embodiment is further mentioned with reference to FIGS. 2
and 3. FIG. 2 is a cross-sectional view schematically showing
a vicinity of the alignment film surface in the liquid crystal
display device in accordance with Embodiment 1 and
explaining a mechanism for suppressing AC image sticking
due to side-chain deformation. FIG. 2(a) shows an initial
state. FIG. 2(b) shows a state where an electrical field is
applied to the liquid crystal layer. FIG. 2(c) shows a state
where the application of the electrical field to the liquid crys-

Apr. 8,2010

tal layer is stopped. FIG. 3 is a cross-sectional view schemati-
cally showing a vicinity of the alignment film surface in the
liquid crystal display device in accordance with Embodiment
1 and explaining a mechanism for suppressing AC image
sticking cause by the liquid crystal adsorption. FIG. 3(a)
shows an initial state. FIG. 3(b) shows a state where an elec-
trical field is applied to the liquid crystal layer. FIG. 3(c)
shows a state where the application of the electrical field to
the liquid crystal layer is stopped.

[0129] The mechanism for suppressing AC image sticking
due to side-chain deformation is mentioned below. As shown
in FIG. 2(a), in the initial state, similarly to a conventional
case, liquid crystal molecules 11 contained in a liquid crystal
layer 20 and side chains of an alignment film 10(a side chain
21 containing a photofunctional group and a side chain 22
containing a vertical alignment functional group) interact
with each other, and the molecules 11 are pre-tilted. As shown
in FIG. 2(b) when an electrical field is applied to the liquid
crystal layer 20, the side chain 22 containing a vertical align-
ment functional group suppresses the side chain 21 contain-
ing a photofunctional group from being inclined by bending
deformation of the molecules 11 (suppression of elastic
deformation, steric hindrance). As shown in FIG. 2(c), when
the application of the electrical field to the liquid crystal layer
20 is stopped, the side chains of the alignment film 10 are
hardly inclined. As a result, it is considered that a change in
the tilt angle of the liquid crystal layer 20 could be sup-
pressed, which results in suppression of the AC image stick-
ing.

[0130] The mechanism for suppressing AC image sticking
due to liquid crystal adsorption is mentioned below. Even if
light such as UV light is radiated to the alighment film 10, a
portion where the liquid crystal molecules 11 adsorb to amain
chain 25 is decreased as shown in FIG. 3(a) in the initial state,
due to steric hindrance of the side chain 22 containing a
vertical alignment functional group. As shown in FIG. 3(b),
also when an electrical field is applied to the liquid crystal
layer 20, steric hindrance of the side chain 22 containing a
vertical alignment functional group suppresses the liquid
crystal molecules 11 from passing through the side chains of
the alignment film 10 (the side chain 21 containing a photo-
functional group and the side chain 22 containing a vertical
alignment functional group) and then aligning with the
adsorbing liquid crystal molecules (the liquid crystal mol-
ecules that have adsorbed to the main chain since the initial
state). Thus, generation of the liquid crystal molecules that
adsorb between the main chains and of the liquid crystal
molecules that align with the absorbing liquid crystal mol-
ecules can be suppressed. As a result, it is considered that
when the application of the electric field to the liquid crystal
layer 20 is stopped, a change in the tilt angle of the liquid
crystal layer 20 could be suppressed as shown in FIG. 3(c),
which results in suppression of the AC image sticking.

[0131] Compared with conventional photo-alignment
films, an improvement in coating properties of the alignment
film material of the present Embodiment when the material is
printed by spin coating, flexography, ink-jet printing, and the
like can be expected. If the above-mentioned photo-align-
ment diamine unitcontains a fluorine atom at an end of its side
chain with the aim of improving a VHR, the unit shows high
hydrophobicity. That is, a homopolymer of a conventional
photo-alignment diamine unit commonly exhibits insuffi-
cient coating properties for a substrate. In contrast, the
copolymer of the present Embodiment, obtained by copoly-
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merizing the photo-alignment diamine unit and the vertical
alignment diamine unit, contains the photo-alignment
diamine unit in a smaller amount, and so a proportion of the
fluorine in the polymer can be decreased. In addition, the
vertical alignment diamine unit generally has lower hydro-
phobicity than that of fluorine. Accordingly, the coating prop-
erties for a substrate can be more improved as the introduction
ratio of the vertical alignment diamine unit is increased.
[0132] The present invention can be applied to horizontal
alignment mode such as TN, ECB, and IPS mode. In this case,
the AC image sticking can be suppressed using a horizontal
alignment film that includes a copolymer of an imide deriva-
tive, an amide derivative, and the like, containing a photo-
functional group with an imide derivative, an amide deriva-
tive, and the like, not containing a photofunctional group.

2. Preparation Method of Alignment Film

[0133] A preparation method of the alignment film of the
present Embodiment is mentioned below.

[0134] First, the monomer components of the first and sec-
ond constitutional units are copolymerized with an acid anhy-
dride by a publicly known method.

[0135] A varnish for applying (printing) the polymer to a
substrate is prepared. The varnish preferably includes a mixed
solvent containing solvents such as y-butyl lactone (BL),
N-methylpyrrolidone (NMP), butyl cellosolve (BG), diethyl
ether dibutyl glycol (DEDG) diisobutyl ketone (DIBK), and
dipentyl ether (DPE).

[0136] The varnish is applied to a substrate. Spin coating,
flexography, ink-jet printing, and the like, are preferable for
the application.

[0137] After being printed on the substrate, the varnish is
pre-baked with a hot plate for pre-baking and then post-baked
with a hot plate for post-baking. In the pre-baking and post-
baking, the temperature and heating time may be appropri-
ately determined. The thickness of the alignment film of the
present Embodiment may be appropriately determined.
[0138] The alignment film of the present Embodiment may
be formed by a so-called two-layered treatment or hybrid
treatment. A residual DC has been thought to be a main cause
of the image sticking in liquid crystal devices. An increase in
thickness (volume) of an alignment film contributes to an
increase in the residual DC. So a decrease in thickness (vol-
ume) of an alignment film leads to a decrease in the residual
DC. In order to prevent coating defects in a step of printing an
alignment film in a panel production, the alignment film
needs to keep a certain thickness, e.g., 60 nm or more. In view
of these circumstances, a so-called two-layered treatment or
hybrid treatment can be employed. If a varnish containing a
polymer for a horizontal alignment film and a polymer for a
vertical alignment film in a specific ratio (for example, 50:50
to 10:90) is applied to a substrate, phase separation occurs
between the two polymers immediate after the varnish coat-
ing or in the process of baking the applied alignment film. By
utilizing this action, the horizontal alignment film is formed
on the substrate side and the vertical alignment film is formed
on the liquid crystal layer side. As a result, the volume of the
alignment film exposing on the liquid crystal layer side is
decreased, and the residual DC and the image sticking due to
the residual DC can be reduced. Also in the present Embodi-
ment, the above-mentioned treatment may be employed, if
necessarily. Thus, a liquid crystal display device in which
both of the image sticking due to the residual DC and the
image sticking in AC mode less occur can be provided.
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[0139] Next, the alignment film formed on the substrate is
provided with an alignment treatment by photoirradiation.
Conditions of the irradiation to the alignment film may be
appropriately determined. It is preferable that the alignment
film is irradiated with light including DV light, and it is more
preferable that the alignment film is irradiated with DV light.
In order to shorten a tact time in the production process, the
alignment film is irradiated with light at an exposure energy
of 100 mJ/cm? or less, and more preferably 50 mJ/cm? or less.
If the alignment film is provided with an alignment treatment
by compartmentalizing each pixel region into some regions
and separately exposing the regions through a light-shielding
mask (photomask) and the like, it is preferable that the align-
ment film is irradiated with light at an exposure energy of 20
ml/em? or less. Other irradiation conditions (for example,
existence of polarized light, irradiation angle) may be appro-
priately determined.

[0140] Thus, the alignment film of the present Embodiment
is formed and provided with the alignment treatment. As a
result, the alignment film of the present Embodiment has a
structure derived from a photofunctional group, preferably at
least one structure selected from the group consisting of a
photofunctional group-bonding structure, a photoisomeriza-
tion structure, and a photo-alignment structure. Further, the
alignment film provides liquid crystal molecules with a sub-
stantially uniform pretilt angle in the alignment film plane.

3. Basic Operation of Liquid Crystal Display Device

[0141] The basic operation of the liquid crystal display
device of the present Embodiment is mentioned below.

[0142] FIG. 4 is a perspective view schematically showing
arelationship between a photo-alignment treatment direction
and a pretilt direction of a liquid crystal molecule in accor-
dance with Embodiment 1. F1G. 5(a) is a plan view schemati-
cally showing a director alignment of liquid crystal in one
pixel (one sub-pixel); and directions of photo-alignment
treatment for a pair of substrates (upper and lower substrates)
in the case that the liquid crystal display device in Embodi-
ment 1 is a mono-domain device. FIG. 5(b) is a schematic
view showing directions of absorption axes of polarization
plates arranged in the liquid crystal display device shown in
FIG. 5(a), FIG. 5(a) shows a state where the photo-alignment
treatment directions are perpendicular to each other between
a pair of substrates and an AC voltage not lower than a
threshold voltage is applied between the pair of substrates. In
FIG. 5(a), the solid arrow shows a direction of photo-irradia-
tion (a direction of photo-alignment treatment) for a lower
substrate; and the dotted arrow shows a direction of photo-
irradiation (a direction of photo-alignment treatment) for an
upper substrate. FIG. 6 is a plan view schematically showing
a director alignment of liquid crystal in one pixel (one sub-
pixel); and directions of photo-alignment treatment for a pair
of substrates (upper and lower substrates) in the case that the
liquid crystal display device in Embodiment 1 is a mono-
domain device. FIG. 6(a) is a plan view schematically show-
ing a director alignment of liquid crystal in one pixel (one
sub-pixel); and directions of photo-alignment treatment for a
pair of substrates in the case that the liquid crystal display
device in Embodiment 1 is a mono-domain device. FIG. 6(b)
is a schematic view showing directions of absorption axes of
polarization plates arranged in the liquid crystal display
device shown in FIG. 6(a). FIG. 6(a) shows a state where
photo-alignment treatment directions are parallel and oppo-
site to each other between the pair of substrates and an AC
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voltage not lower than a threshold voltage is applied between
the pair of substrates. In FIG. 6(a), the solid arrow shows a
direction of photoirradiation (a direction of photo-alignment
treatment) for a lower substrate; and the dotted arrow shows a
direction of photoirradiation (a direction of photo-alignment
treatment) for an upper substrate. FIG. 7 is a cross-sectional
view schematically showing a first arrangement relationship
between substrates and a photomask in a photo-alignment
treatment process in accordance with Embodiment 1 where
alignment division is performed by proximity exposure using
an alignment mask. FIG. 8 is a cross-sectional view schemati-
cally showing a second arrangement relationship between
substrates and a photomask in a photo-alignment treatment
process in accordance with Embodiment 1 where alignment
division is performed by proximity exposure using an align-
ment mask. FIG. 9(a) is a plan view schematically showing:
the average director alignment of liquid crystal in one pixel
(one sub-pixel); directions of photo-alignment treatment fora
pair of substrates (upper and lower substrates); and a arrange-
ment pattern of a multi-domain, in the case that the liquid
crystal display device in Embodiment 1 is a four-domain
device. FIG. 9(b) is a schematic view showing directions of
absorption axes of polarization plates in the liquid crystal
display device shown in FIG. 9(a). FIG. 9(a) shows a state
where an AC voltage not lower than a threshold voltage is
applied between the pair of substrates. In FIG. 9(a), the solid
arrow shows a direction of photoirradiation (a direction of
photo-alignment treatment) to a lower substrate (driving ele-
ment substrate); and the dotted arrow shows a direction of
photoirradiation (a direction of photo-alignment treatment) to
an upper substrate (color filter substrate).

[0143] The operation principle of the liquid crystal display
device of the present Embodiment is mentioned with refer-
ence to FIGS. 410 9.

[0144] According to the liquid crystal display device of the
present Embodiment, a liquid crystal layer containing liquid
crystal molecules with negative dielectric anisotropy is intet-
posed between a pair of substrates (upper and lower sub-
strates). Each of the pair of substrates includes an insulating
transparent substrate such as a glass substrate. On a liquid
crystal layer side-surface of each substrate, a transparent elec-
trode is formed. On the transparent electrode, the above-
mentioned vertical alignment film is formed. One of the pair
of substrates functions as a driving element substrate (for
example, TFT substrate) having a driving element (a switch-
ing element) formed in every pixel (every sub-pixel). The
other functions as a color filter substrate having a color filter
formed to face each pixel (each sub-pixel) of the driving
element substrate. That is, in the liquid crystal display device
of the present Embodiment, one of the pair of substrates
(upper and lower substrates) is a color filter substrate and the
other is a driving element substrate. In the driving element
substrate, the transparent electrode that is connected to the
driving element and arranged in a matrix pattern functions as
a pixel electrode. In the color filter substrate, the transparent
electrode that is uniformly formed over the entire display
region functions as a counter electrode (common electrode).
Polarization plates are each arranged on a surface on the side
opposite to the liquid crystal layer side of each substrate in a
Cross-Nicol state for example. Between the pair of substrates,
a cell gap controlling member (spacer) for controlling a con-
stant cell gap is arranged at a specific position (in non-display
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region). The material for the substrates, the transparent elec-
trodes, and the liquid crystal molecules, and the like, are not
especially limited.

[0145] As shown in FIG. 4, the alignment film 10 provides
liquid crystal molecules 11 with a pretilt angle in an UV-
irradiation direction if being irradiated with UV light polar-
ized parallel to an incident face (shown by the outline arrow in
FIG. 4), for example, from a direction making an angle of40°
with the normal direction of the substrate face. The alignment
film 10 may be exposed by shot exposure or scanning expo-
sure. That is, the alignment film 10 may be irradiated with UV
light with the substrate and a light source being fixed. As
shown in the dotted arrow in FIG. 4, the alighment film 10
may be irradiated with UV light by being scanning with UV
light in the UV scanning direction.

[0146] In the liquid crystal display device of the present
Embodiment, exposure for the alignment films and attach-
ment of the pair of substrates (upper and lower substrates 12)
may be performed so that a direction of photoirradiation to
one of the pair of substrates is substantially perpendicular to
a direction of photoirradiation to the other substrate when the
pair of substrates are viewed in plane as shown in FIG. 5(a).
Liquid crystal molecules near the alignment films arranged
on the upper and lower substrates 12 may have substantially
the same pretilt angle. Liquid crystal materials free from a
chiral material may be injected between the substrates as a
liquid crystal layer. In this case, by applying an AC voltage
not less than a threshold voltage value between the upper and
lower substrates 12, liquid crystal molecules twist 90° in the
normal direction of the substrate plane between the upper and
lower substrates 12, and as shown in FIG. 5, the average liquid
crystal director alignment 17 under AC voltage application is
in a direction bisecting an angle made by the directions of
photoirradiation to the upper and lower substrates 12 when
the substrates are viewed in plane. As shown in FIG. 5(4), a
direction of an absorption axis of a polarization plate (upper
polarization plate) arranged on the upper substrate side is the
same as a direction of photoirradiation to the upper substrate,
and a direction of an absorption axis of the other polarization
plate (lower polarization plate) arranged on the lower sub-
strate side is the same as a direction of photoirradiation to the
lower substrate. The liquid crystal display device of the
present invention, produced through the above-mentioned
alignment treatment for the alignment films and arrangement
of the polarization plates, is a so-called VATN device.

[0147] In the liquid crystal display device of the present
Embodiment, exposure for the alignment films and attach-
ment of the substrates may be performed so that directions of
photoirradiation to the upper and lower substrates 12 are
substantially parallel and opposite to each other when the
substrates are viewed in plane, as shown in FIG. 6(a). Liquid
crystal molecules near the alignment films arranged on the
upper and lower substrates 12 may have substantially the
same pretilt angle. Liquid crystal materials free from a chiral
material may be injected between the substrates as a liquid
crystal layer. In this case, when no voltage is applied between
the upper and lower substrates 12, liquid crystal molecules
near the interface between the liquid crystal layer and the
upper and lower substrates 12 have a homogeneous structure
(homogeneous alignment) where the liquid crystal molecules
have a pretilt angle of about 88.5°. As shown in FIG. 6(a), the
average liquid crystal director alignment 17 under AC voltage
application is in the direction of photoirradiation to the upper
and lower substrates 12 when the substrates are viewed in
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plane. As shown in FIG. 6(4), directions of absorption axes of
the polarization plates (upper and lower polarization plates)
arranged on the upper and lower substrates are different from
directions of photo-alignment treatment for the upper and
lower substrates by 45° when the substrates are viewed in
plane. The liquid crystal display device of the present inven-
tion, produced through the above-mentioned alignment treat-
ment for the alignment films and arrangement of the polar-
ization plates, is a so-called VAECB (vertical alignment
electrically controlled birefringence) device where the direc-
tions of photoirradiation to the upper and lower substrates are
opposite and parallel to each other and liquid crystal mol-
ecules are vertically aligned. In FIG. 6, the solid arrow shows
a direction of photo-irradiation (a direction of photo-align-
ment treatment) to the lower substrate, and the dotted arrow
shows a direction of photo-irradiation (a direction of photo-
alignment treatment) to the upper substrate.

[0148] The case that the liquid crystal display device in
accordance with the present Embodiment includes multi-
domain pixels is mentioned below with reference to F1IG. 9. In
order to divide each pixel into four domains, the liquid crystal
display device of the present Embodiment is subjected to the
following exposure step. Using a photomask 13 including
light-shielding parts 14 each having a width that is a half
width of one pixel (one sub-pixel), as shown in FIG. 7, a
region corresponding to a half region of one pixel (one sub-
pixel) is exposed in one direction (in FIG. 7, a direction from
the front side to the back side of the paper) and simulta-
neously the rest half region is light-shielded by the light-
shielding part 14, first. Then, as shown in FIG. 8, the photo-
mask 13 is shifted by a half pitch of the pixel (one sub-pixel),
and then, the region that has been exposed is light-shielded
through the light-shielding part 14 and a region which has not
been light-shielded (an unexposed region in the step shown in
FIG. 7) is exposed in the direction opposite to the direction
shown in FIG. 7 (in F1G. 8, a direction from the back side to
the front side of the paper). As a result, one pixel (one sub-
pixel) is divided into two regions with the same width, where
liquid crystal molecules in one region and liquid crystal mol-
ecules in the other region are pre-tilted in two mutually oppo-
site directions. Such two regions are arrayed in a stripe pat-
tern.

[0149] As mentioned above, each pixel (each sub-pixel) on
each substrate is divided into two domains by alignment
division in such a way that the domains are arranged at a
regular pitch. Then, the both substrates are arranged (at-
tached) so that the division directions (photo-alignment treat-
ment directions) are perpendicular to each other between the
upper and lower substrates 12, and then, liquid crystal mate-
rials free from a chiral material are injected into the liquid
crystal layer. As a result, as shown in FIG. 9(a), four domains
where the alignment directions of liquid crystal molecules
thatare positioned near the center in the thickness direction of
the liquid crystal layer are different, more specifically, sub-
stantially perpendicular to each other, among the four direc-
tions (FIG. 9(a), 1 to iv) can be formed. That is, the average
liquid crystal director alignment 17 under the AC voltage
application bisects an angle made by the directions of pho-
toirradiation to the upper and lower substrates 12 in each
domain when the substrates are viewed in plane. The direc-
tion of photo-alignment treatment for the upper substrate
(color filter substrate) (in FIG. 9(a), the direction shown by
the dotted arrow) is the same as an absorption axis direction
16 of apolarization plate arranged on the upper substrate side,
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and the direction of photo-alignment treatment for the lower
substrate (driving element substrate) (in F1G. 9(a), the direc-
tion shown by the solid arrow) is the same as an absorption
axis direction 15 of a polarization plate arranged on the lower
substrate side when the substrates are viewed in plane.
[0150] In each domain boundary, liquid crystal molecules
on one of the pair of substrates align in the same direction as
an absorption axis direction of the polarizing plate, and liquid
crystal molecules on the other substrate align almost perpen-
dicular to the substrate. Accordingly, when the polarization
plates are arranged in a Cross-Nicol state, the domain bound-
ary does not transmit light even when a voltage is applied
between the substrates, and as a result, the boundary is
observed as a dark line.

[0151] In this domain boundary, a photo-alignment film is
redundantly exposed, generally. So in such a redundantly
exposed-part (doubly-exposed part), a conventional photo-
alignment film does not provide a uniform pretilt angle. In the
doubly-exposed part of the conventional photo-alignment
film, the number of exposure treatment is asymmetry, and
thereby AC image sticking tends to be increased. However,
use of the alignment film of the present Embodiment effec-
tively suppresses the AC image sticking in the doubly-ex-
posed part and variation in the pretilt angle of liquid crystal
molecules in the doubly-exposure part.

[0152] As mentioned above, the liquid crystal display
device of the present Embodiment can show excellent view-
ing angle characteristics, that is, a wide viewing angle if
having four domains where the alignment directions of liquid
crystal molecules are different from (substantially perpen-
dicular to) one another.

[0153] The layout of the domains in the liquid crystal dis-
play device of the present Embodiment is not limited to that
(division into four) shown in FIG. 9(a) and it may be a layout
shown in FIG. 10(a). FIG. 10(a) is a plan view schematically
showing: the average director alignment of liquid crystal in
one pixel (one sub-pixel); directions of photo-alignment
treatment for a pair of substrates (upper and lower substrates);
and a pattern of a multi-domain, in the case that the liquid
crystal display device in Embodiment 1 has four domain
different from that in FIG. 9(a).

[0154] FIG. 10(b) is a schematic view showing directions
of absorption axes of polarization plates in the liquid crystal
display device shown in FIG. 10(a). FIG. 10(c) is a schematic
cross-sectional view taken along line A-B in FIG. 10(a), and
shows alignment directions of liquid crystal molecules when
an AC voltage not lower than a threshold voltage is applied
between the pair of substrates. In FIG. 10(a), the dotted arrow
shows a direction of photoirradiation (a direction of photo-
alignment treatment) to a lower substrate (driving element
substrate); and the solid, line shows a direction of photoirra-
diation (a direction of photo-alignment treatment) to an upper
substrate (color filter substrate).

[0155] In FIG. 10(c), the dotted line shows a domain
boundary.
[0156] The domains of this Embodiment are formed in the

following procedures. As shown in FIG. 10(a), each pixel
(each sub-pixel) on each of a pair of substrates is divided into
two domains by alignment division in such a way that the
domains are arranged at a regular pitch. As shown in FIG.
10(a), the both substrates are arranged (attached to each
other) in such a way that when the substrates are viewed in
plane, the divisional directions (photo-alignment treatment
directions) are perpendicular to each other between the upper
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and lower substrates 12 and that the upper substrate is shifted
by a quarter of a pixel pitch in the direction shown by the
dotted arrow in FIG. 10(a). As a result, as shown in FIG.
10(a), four domains (in FIG. 10(a), i to iv) where the align-
ment directions of liquid crystal molecules that are positioned
near the center in the thickness direction of the liquid crystal
layer are different depending on the domain, more specifi-
cally, substantially perpendicular to each other can be
formed. That is, as shown in FIG. 10(a) the average liquid
crystal director alignment 17 under the AC voltage applica-
tion bisects an angle made by the directions of photoirradia-
tion to the upper and lower substrates 12. As shown in FIG.
10(b), in this Embodiment, when the substrates are viewed in
plane, the direction of photo-alignment treatment (in FIG. 10,
the direction shown by the solid arrow) for the upper substrate
(color filter substrate) is the same as the absorption axis
direction 16 of the polarization plate arranged on the upper
substrate side, and the direction of photo-alignment treatment
(in FIG. 10, the direction shown by the dotted arrow) for the
lower substrate (driving element substrate) is the same as the
absorption axis direction 15 ofthe polarization plate arranged
on the lower substrate side. When no voltage is applied
between the upper and lower substrates, the liquid crystal
molecules align substantially vertically to the upper and
lower substrates attributed to alignment regulating force of
the alignment film. When a voltage not lower than a threshold
voltage is applied between the upper and lower substrates, the
liquid crystal molecules 11 twist almost 90° between the
upper and lower substrates and align in directions different
depending on the four domains.

4. Production Method of Liquid Crystal Display Device

[0157] The production method of the liquid crystal display
device in accordance with the present Embodiment is men-
tioned below.

[0158] First, apair of substrates on which an alignment film
is not arranged is produced by a common method.

[0159] A driving element substrate is produced as one of
the pair of substrates as follows: (1) scanning signal lines, (2)
driving elements, such as a TFT, (3) data signal lines, and (4)
pixel electrodes, which are transparent electrodes, are succes-
sively formed on a glass substrate. The scanning signal lines
and the data signal lines are arranged in a matrix pattern to
intersect with each other on the substrate. An insulating film
is arranged between the scanning signal lines and the data
signal lines. The driving element and the pixel electrode are
arranged at each intersection of the scanning signal lines with
the data signal lines. Components in the driving element
substrate may be formed from a material commonly used.
[0160] A color filter substrate (CF substrate) is produced as
the other substrate of the pair of substrates as follows: (1) a
black matrix (BM), (2) color filters, (3) a protective film, and
(4) common electrodes, which are transparent electrodes, are
successively formed on a glass substrate. The BM is arranged
in a lattice pattern, and the color filter is arranged in each
region surrounded by the BM. Components in the CF sub-
strate may be formed from materials commonly used.
[0161] Then an alignment film-forming step is performed.
This is mentioned in detail above in 1. the alignment film
material and 2. preparation method of alignment film. So a
specific example thereof is mentioned below. A varnish is
prepared from the copolymer of an imide derivative, an amide
derivative, and the like, containing the above-mentioned
photofunctional group with an imide derivative, an amide
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derivative, and the like, containing no photofunctional group.
After being printed on a substrate, the varnish is pre-baked on
a hot plate for pre-baking at 90° C. for 1 minute and then
post-baked on a hot plate for post-baking at 200° C. for 60
minutes. The varnish is printed on the substrate to give an
alignment film with a thickness of 100 nm after the baking.
After being cooled to room temperatures, the substrate is
irradiated with P-polarized UV light with a polarization
degree of 10:1 at an exposure energy of 20 mJ/cm? from a
direction making an angle of 40° with respect to the normal
direction of the substrate surface. In such a manner, the align-
ment film in accordance with the present Embodiment is
formed. The alignment treatment for the alignment film (the
alignment film-exposing step) may be performed after the
below-mentioned spacer-arranging step.

[0162] Then the spacer-arranging step is performed. A cell
gap-controlling member such as plastic beads (product of
SEKISUI FINE CHEMICAL CO., LTD., trade name: Micro-
pearl, 3.5 pm in diameter) in a desired amount (density: four
to five beads per 100 um?) is dry-sprayed. The spacer may be
arranged by ink-jet printing, i.e., by printing an ink containing
the cell gap controlling member (adhesive beads) at a desired
position. If necessary, the substrate may be heated at a pre-
determined temperature (for example, about 100 to 200° C.)
in order to sufficiently fix the adhesive beads to the substrate.
In addition, the spacer may be arranged by forming a photo
spacer at a predetermined position using a photosensitive
resin material before forming the alignment film.

[0163] Then a sealing member-arranging step is per-
formed. A sealing member is applied to the substrate includ-
ing no spacers. The sealing member is preferably applied by
screen printing or with a dispenser. STRUCT BOND
XN-218, aproduct of Mitsui Chemicals, Inc., a photothermal
sealing agent, product of Kyoritsu Chemical & co., 1td., and
the like, may be preferably used as the sealing member, for
example.

[0164] Then a liquid crystal material-injecting step is per-
formed. Vacuum injection or a drop-and-fill process is pref-
erably used for injecting the liquid crystal material. If the
vacuum injection is employed, a photocuring bond produced
by ThreeBond Co., Ltd. or SEKISUI CHEMICAL CO.,
LTD., is preferable as the sealing agent.

[0165] Like a conventional method, a polarization plate-
attaching step, and a module-producing step are performed,
and as a result, the liquid crystal display device of the present
Embodiment can be completed.

5. AC Image Sticking Evaluation Test

[0166] A mono-domain VAIN liquid crystal display device
shown in FIG. 5 was produced and subjected to an AC image
sticking evaluation test. Results of the test are mentioned
below. The characteristics of AC image sticking (AC charac-
teristics) were evaluated based on characteristics depending
on an introduction ratio of an imide derivative, an amide
derivative, and the like, containing a vertical alignment func-
tional group and not having a photofunctional group relative
to an imide derivative, an amide derivative, and the like,
containing a photofunctional group. The liquid crystal device
included an ITO electrode-including substrate where an ITO
transparent electrode was divided into two (electrodes 18a
and 185) as shown in FIG. 11.

[0167] Polymers (polyimides or polyamides) with intro-
duction ratios (% by weight) of 0%, 8%, 15%, 25%, 40%, and
50%, respectively, were prepared, the ratios being a vertical
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alignment diamine unit not containing a photofunctional
group relative to a photo-alignment diamine unit. A monomer
of the photo-alignment diamine unit was selected from the
photofunctional group-containing compounds represented
by the above formulae (1) to (4). A monomer of the vertical
alignment diamine unit was selected from the compounds
represented by the above-mentioned formulae (10) to (19).
An acid anhydride was selected from the compounds repre-
sented by the above-mentioned formulae (20) to (26).

[0168] Then a varnish was prepared from the above-men-
tioned solvent for printing and applied on the ITO electrode-
including substrate through a printing step by ink-jet printing
or with a drum roll-coating. Then the ITO electrode-including
substrate to which the varnish had been applied was pre-
baked at 90° C. for one minute with a hot plate for pre-baking.
After the pre-baking, the alignment film had a thickness of
about 100 nm. Then the substrate was post-baked at 200° C.
for 40 minutes with a hot plate for post-baking.

[0169] Then an ink containing the cell gap controlling
member (dispersion liquid) was applied to a predetermined
position (a light-shielding part in anon-display region) by
ink-jet printing and dried at a room temperature of 24° C. to
arrange the cell gap controlling member on the ITO electrode-
including substrate.

[0170] After being cooled to room temperature, the ITO
electrode-including substrate including the cell gap control-
ling member was provided with a photo-alignment treatment
by being irradiated with (exposed to) UV light. More specifi-
cally, the substrate was irradiated with P-polarized UV light
with a polarization degree of 10:1 at an exposure energy of 20
mJ/cm® from a direction making an angle of 40° with respect
to the normal direction of the substrate surface.

[0171] Then the sealing member was printed on the other
substrate, and the both substrates were attached to each other.
The cell gap between the substrates was 3.5 um. Then under
heating at 60° C., liquid crystal materials with negative
dielectric anisotropy (product of Merck KGaA, MLC6610,
An: 0.09, A€: -2.4, Tni: 90° C.) were injected between the
substrates, which had undergone the above-mentioned steps,
and sealed. Then as a realignment treatment step, the liquid
crystal display device was heated by being kept in an oven at
130° C. for 30 minutes, and then the device was rapidly
cooled to a room temperature of 24° C. at a rate of about 4°
C./min. The average pretilt angle of the liquid crystal layer
was about 88.5° to 89.5°. In the liquid crystal display device,
two polarization plates (an upper polarization plate 23a and a
lower polarization plate 235) were attached in such a way that
their absorption axes are in a cross-Nicol state.

[0172] Theevaluation method of AC characteristics is men-
tioned.

[0173] The first photographing was performed as follows.
[0174] In an initial state (before application of an AC volt-

age (30 Hz, 7V)), an AC voltage (30 Hz) was applied to the
electrodes 18a and 185 of the liquid crystal display device
prepared as mentioned above. With increasing the voltage by
0.05V from 2.15V t0 2.5V, images (display state) which were
displayed by a liquid crystal display device 19 at each voltage
were taken with a digital camera (product of Canon Inc., trade
name: Eos Kiss Digital N) 24 that was located 40 cm away. In
this evaluation test, the AC voltage was applied to the elec-
trodes with a signal generator (product of Iwatsu Electric Co.,
Ltd., SG-4115).
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[0175] The second photographing was performed as fol-
lows.
[0176] An AC voltage (30 Hz, 7V) kept being applied to

only the electrode 185 for a certain period of time (x) as
shown in FIG. 12, and then an AC voltage (30 Hz) was applied
to the electrodes 18a and 185. Similarly to the first photo-
graphing, with increasing the voltage by 0.05V from 2.15V to
2.5V, images at each voltage were taken. The time x was
varied, and the second photographing was repeatedly per-
formed. The voltage of 2.15V to 2.5V (which was applied by
0.05V) was applied only during the second photographing,
just for about 1 minute. Accordingly, this time was much
shorter than the time x. The taken images were analyzed inthe
following procedures (I) to (III). An image-processing soft-
ware (product of Media Cybernetics, Inc., Image-Pro Plus)
was used for the analysis.

(I) With respect to the images that were taken in the second
photographing after 40 hours’ voltage application, i.e., when
x=40), ratios between a luminance of the electrode 185 and a
luminance of the electrode 18¢ (a luminance of the electrode
1850) (a luminance of the electrode 18a) when the respective
voltages were applied (by 0.05V from 2.15V to 2.5V) were
calculated. Then a voltage at which the ratio shows the maxi-
mum value, that is, a voltage corresponding to the maximum
luminance ratio (AT) was determined.

(II) With respect to images that were taken when the voltage
corresponding to the maximum luminance ratio, determined
in (I), was applied among the images taken in the first and
second photographing, a luminance ratio (a luminance of the
electrode 185)+(a luminance of the electrode 184) was cal-
culated, and the maximum luminance ratio (AT) at each AC
voltage (30 Hz, 7V) holding time, i.e., at each time x, was
determined.

(1IT) The time (x) during the AC voltage (30 Hz, 7V) appli-
cation was plotted along the x-axis and the maximum lumi-
nance ratio (AT) at each time X, determined in the above (II),
was plotted along the y-axis.

[0177] Before and after the AC voltage (30 Hz, 7V), a DC
off-set value when a voltage of 2.3V to 2.4 V was applied was
determined to be almost 0. Accordingly, this AT evaluation
shows that the image sticking was caused by only the influ-
ences in AC mode, not in DC mode.

[0178] The evaluation results of the AC characteristics are
mentioned below. FIG. 15 is a graph showing AT character-
istics of an evaluation cell (liquid crystal display device)
including an alignment film with an introduction ratio (% by
weight) of a vertical alignment diamine unit not containing a
photofunctional group to a photo-alignment diamine unit of
0%. Similarly to FIG. 14, FIGS. 16 to 20 are graphs showing
AT characteristics at introduction ratios 0f 8% (FIG. 16), 15%
(F1G.17), 25% (F1G. 18), 40% (FI1G. 19), and 50% (FIG. 20),
respectively. In FIGS. 15 to 20, a plurality of graphs are
plotted and show AT characteristics of a plurality of evalua-
tion cells that are produced using the same materials under the
same conductions. FIG. 21 shows a graph showing AT char-
acteristics after 40 hour’ s AC voltage application to the
evaluation cells with introduction ratios of 0%, 15%, 25%,
40%, and 50%. In FIG. 21, the thombic marker () shows the
average value and the range (1) partitioned by the line segment
shows a range from the largest value and the smallest value.
[0179] This evaluation results show that the AT character-
istics are more improved and the AC image sticking is more
suppressed as the introduction ratio of the vertical alignment
diamine unit not containing a photofunctional group to the
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photo-alignment diamine unit is increased. Although not
shown in drawings, it was determined that the AT was about
1.08 when the introduction ratio was 4%. Thus, it was shown
that when the introduction ratio was 4% to 40%, the AT was
reduced to 1.08 or less and the AC image sticking could be
more effectively suppressed. It was also shown that when the
introduction ratio was 15% to 40%, the AT was reduced to
1.06 or less and the AC image sticking could be particularly
effectively suppressed. The average pretilt angle of the liquid
crystal layer was 88.3° in the liquid crystal layer when the
introduction ratio was 0%; the angle was 88.5° at 4%; the
angle was 88.8° at 8%; the angle was 89.2° at 15%: and the
angle was 89.5° at 40%. Thus, the higher the introduction
ratio is, the larger the average pretilt angle of the liquid crystal
layer tends to be.

[0180] The present application claims priority to Patent
Application No. 2007-80289 filed in Japan on Mar. 26, 2007
under the Paris Convention and provisions of national law in
a designated State, the entire contents of which are hereby
incorporated by reference.

BRIEF DESCRIPTION OF DRAWINGS

[0181] FIG. 1 shows a basic structure of the polymer
included in the alignment film material in accordance with
Embodiment 1.

[0182] InFIG. 1, the part encircled by the solid line is a unit
derived from an acid anhydride (acid anhydride unit); the part
encircled by the dashed line is a unit derived from a diamine
having a side chain containing a photofunctional group
(photo-alignment diamine unit); and the part encircled by the
dashed-dotted line is a unit derived from a diamine having a
side chain containing a vertical alignment functional group
(vertical alignment diamine unit).

[0183] FIG.2isacross-sectional view schematically show-
ing a vicinity of the alignment film surface in the liquid crystal
display device in accordance with Embodiment land explain-
ing a mechanism for suppressing AC image sticking due to
side-chain deformation.

[0184] FIG. 2(a) shows an initial state.

[0185] FIG. 2(b) shows a state where an electrical field is
applied to the liquid crystal layer.

[0186] FIG. 2(c) shows a state where the application of the
electrical field to the liquid crystal layer is stopped.

[0187] FIG.3isacross-sectional view schematically show-
ing a vicinity ofthe alignment film surface in the liquid crystal
display device in accordance with Embodiment 1 and
explaining a mechanism for suppressing AC image sticking
cause by the liquid crystal adsorption.

[0188] FIG. 3(a) shows an initial state.

[0189] FIG. 3(b) shows a state where an electrical field is
applied to the liquid crystal layer.

[0190] FIG. 3(c) shows a state where the application of the
electrical field to the liquid crystal layer is stopped.

[0191] FIG. 4 is a perspective view schematically showing
arelationship between a photo-alignment treatment direction
and a pretilt direction of a liquid crystal molecule in accor-
dance with Embodiment 1.

[0192] FIG. 5(a) is a plan view schematically showing a
director alignment of liquid crystal in one pixel (one sub-
pixel); and directions of photo-alignment treatment for a pair
of substrates (upper and lower substrates) in the case that the
liquid crystal display device in Embodiment 1 is a mono-
domain device.
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[0193] FIG. 5(b)is a schematic view showing directions of
absorption axes of polarization plates arranged in the liquid
crystal display device shown in FIG. 5(a).

[0194] FIG. 5(a) shows a state where the photo-alignment
treatment directions are perpendicular to each other between
a pair of substrates and an AC voltage not lower than a
threshold voltage is applied between the pair of substrates.
[0195] 1In FIG. 5(a), the solid arrow shows a direction of
photo-irradiation (a direction of photo-alighment treatment)
for a lower substrate; and the dotted arrow shows a direction
of photo-irradiation (a direction of photo-alighment treat-
ment) for an upper substrate.

[0196] FIG. 6(a) is a plan view schematically showing a
director alignment of liquid crystal in one pixel (one sub-
pixel); and directions of photo-alignment treatment for a pair
of substrates (upper and lower substrates) in the case that the
liquid crystal display device in Embodiment 1 is a mono-
domain device.

[0197] FIG. 6(b) is a schematic view showing directions of
absorption axes of polarization plates arranged in the liquid
crystal display device shown in FIG. 6(a).

[0198] FIG. 6(a) shows a state where photo-alignment
treatment directions are parallel and opposite to each other
between the pair of substrates and an AC voltage not lower
than a threshold voltage is applied between the pair of sub-
strates.

[0199] In FIG. 6(a), the solid arrow shows a direction of
photo-irradiation (a direction of photo-alignment treatment)
for a lower substrate; and the dotted arrow shows a direction
of photo-irradiation (a direction of photo-alignment treat-
ment) for an upper substrate.

[0200] FIG. 7is across-sectional view schematically show-
ing a first arrangement relationship between substrates and a
photomask in a photo-alignment treatment process in accor-
dance with Embodiment 1 where alignment division is per-
formed by proximity exposure using an alignment mask.
[0201] FIG. 8is across-sectional view schematically show-
ing a second arrangement relationship between substrates and
aphotomask in a photo-alignment treatment process in accor-
dance with Embodiment 1 where alignment division is per-
formed by proximity exposure using an alignment mask.
[0202] FIG. 9(a)is a plan view schematically showing: the
average director alignment of liquid crystal in one pixel (one
sub-pixel); directions of photo-alignment treatment for a pair
of substrates (upper and lower substrates); and a arrangement
pattern of a multi-domain, in the case that the liquid crystal
display device in Embodiment 1 is a four-domain device.
[0203] FIG. 9(b)is a schematic view showing directions of
absorption axes of polarization plates in the liquid crystal
display device shown in FIG. 9(a).

[0204] FIG. 9(a) shows a state where an AC voltage not
lower than a threshold voltage is applied between the pair of
substrates.

[0205] In FIG. 9(a), the solid arrow shows a direction of
photoirradiation (a direction of photo-alignment treatment) to
a lower substrate (driving element substrate); and the dotted
arrow shows a direction of photoirradiation (a direction of
photo-alignment treatment) to an upper substrate (color filter
substrate).

[0206] FIG. 10(a) is a plan view schematically showing:
the average director alignment of liquid crystal in one pixel
(one sub-pixel); directions of photo-alignment treatment fora
pair of substrates (upper and lower substrates): and a pattern
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of a multi-domain, in the case that the liquid crystal display
device in Embodiment 1 has four domain different from that
in FIG. 9(a).

[0207] FIG. 10(b) is a schematic view showing directions
of absorption axes of polarization plates in the liquid crystal
display device shown in FIG. 10(a).

[0208] FIG.10(c)is a schematic cross-sectional view taken
along line A-B in FIG. 10(a), and shows alignment directions
of liquid crystal molecules when an AC voltage not lower than
a threshold voltage is applied between the pair of substrates.
[0209] InFIG. 10(a), the dotted arrow shows a direction of
photoirradiation (photo-alignment treatment direction) to a
lower substrate (driving element substrate); and the solid
arrow shows a direction of photoirradiation (photo-alignment
treatment direction) to an upper substrate (color filter sub-
strate).

[0210] In FIG. 10(c), the dotted line shows a domain
boundary.
[0211] FIG. 11 is aplan view schematically showing trans-

parent electrodes in an evaluation cell (liquid crystal display
device) used in the AC image sticking evaluation test.
[0212] FIG. 12 is a plan view schematically showing a
display state of the evaluation cell (liquid crystal display
device) when a current is applied to the cell in the AC image
sticking evaluation test.

[0213] FIG. 13 is a plan view schematically showing a
display state of the evaluation cell (liquid crystal display
device) when the AC image sticking evaluation test is per-
formed.

[0214] FIG. 14 is a side view schematically showing an
arrangement relationship between the evaluation cell (liquid
crystal display device) and a digital camera when the AC
image sticking evaluation test is performed.

[0215] FIG. 15 is a graph showing AT characteristics of an
evaluation cell (liquid crystal display device) having an align-
ment film with 0% by weight of an introduction ratio of the
vertical alignment diamine unit containing no photofunc-
tional groups to the photo-alignment diamine unit.

[0216] FIG. 16 is a graph showing AT characteristics of an
evaluation cell (liquid crystal display device) having an align-
ment film with 8% by weight of an introduction ratio of the
vertical alignment diamine unit containing no photofunc-
tional groups to the photo-alignment diamine unit.

[0217] FIG.17 is a graph showing AT characteristics of an
evaluation cell (liquid crystal display device) having an align-
ment film with 15% by weight of an introduction ratio of the
vertical alignment diamine unit containing no photofunc-
tional groups to the photo-alignment diamine unit.

[0218] FIG. 18 is a graph showing AT characteristics of an
evaluation cell (liquid crystal display device) having an align-
ment film with 25% by weight of an introduction ratio of the
vertical alignment diamine unit containing no photofunc-
tional groups to the photo-alignment diamine unit.

[0219] FIG. 19 is a graph showing AT characteristics of an
evaluation cell (liquid crystal display device) having an align-
ment film with 40% by weight of an introduction ratio of the
vertical alignment diamine unit containing no photofunc-
tional groups to the photo-alignment diamine unit.

[0220] FIG. 20 is a graph showing AT characteristics of an
evaluation cell (liquid crystal display device) having an align-
ment film with 50% by weight of an introduction ratio of the
vertical alignment diamine unit containing no photofunc-
tional groups to the photo-alignment diamine unit.
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[0221] FIG. 21 is a graph showing AT characteristics after
40 hour’s AC voltage application to the evaluation cells with
introduction ratios of 0%, 15%, 25%, 40%, and 50%.
[0222] InFIG. 21, the rhombic marker (#) shows the aver-
age value and the range (T) partitioned by the line segment
shows a range from the largest value and the smallest value.
[0223] FIG. 22 is a cross-sectional view schematically
showing a vicinity of a conventional photo-alignment film
surface and explaining a mechanism for generation of AC
image sticking due to side-chain deformation.

[0224] FIG. 22(a) shows an initial state.

[0225] FIG. 22(b) shows a state when an electrical field is
applied to a liquid crystal layer.

[0226] FIG. 22(c) shows a state when the application of the
electrical field to the liquid crystal layer is stopped.

[0227] FIG. 23 is a cross-sectional view schematically
showing a vicinity of a conventional photo-alignment film
surface and explaining a mechanism for generation of AC
image sticking due to liquid crystal adsorption.

[0228] FIG. 23(a) shows an initial state.

[0229] FIG. 23(b) shows a state when an electrical field is
applied to a liquid crystal layer.

[0230] FIG. 23(c) shows a state when the application of the
electrical field to the liquid crystal layer is stopped.

EXPLANATION OF NUMERALS AND

SYMBOLS
[0231] 10: Alignment film
[0232] 11, 111: Liquid crystal molecule
[0233] 12: Upper and lower substrates
[0234] 13: Photomask
[0235] 14: Light-shielding part
[0236] 15: Direction of absorption axis of polarization plate

on lower substrate side

[0237] 16: Direction of absorption axis of polarization plate
on upper substrate side

[0238] 17: Average liquid crystal director direction under
AC voltage application

[0239] 184, 18b: Electrode

[0240] 19: Liquid crystal display device

[0241] 20, 120: Liquid crystal layer

[0242] 21: Side chain containing a photofunctional group
[0243] 22: Side chain containing a vertical alignment func-

tional group

[0244] 23a: Upper polarization plate
[0245] 235: Lower polarization plate
[0246] 24: Digital camera
[0247] 25, 125: Main chain
[0248] 130: Photo-alignment film
[0249] 131: Side chain
1. A liquid crystal display device comprising:
a pair of substrates;
a liquid crystal layer containing liquid crystal molecules;
and

an alignment film,

the liquid crystal layer being interposed between the pair of
substrates,

the alignment film being arranged on a liquid crystal layer
side-surface of at least one of the pair of substrates,

wherein the alignment film is obtainable by providing a
film with an alignment treatment by photoirradiation,
the film being formed from an alignment film material,
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the alignment film material including a polymer containing
a first constitutional unit and a second constitutional
unit,

the first constitutional unit exhibiting a property of control-
ling alignment of the liquid crystal molecules by pho-
toirradiation,

the second constitutional unit exhibiting the property of
controlling alignment of the liquid crystal molecules
regardless of photoirradiation.

2. The liquid crystal display device according to claim 1,

wherein the first constitutional unit has a side chain con-
taining a photofunctional group.

3. The liquid crystal display device according to claim 1,

wherein the second constitutional unit has a side chain
containing an alignment functional group.

4. The liquid crystal display device according to claim 1,

wherein the first and second constitutional units align the
liquid crystal molecules in the same direction.

5. The liquid crystal display device according to claim 1,

wherein the alighment film uniformly controls the liquid
crystal molecules in a plane of the alignment film.

6. The liquid crystal display device according to claim 1,

wherein the alignment film is a vertical alignment film that
aligns the liquid crystal molecules vertically.

7. The liquid crystal display device according to claim 6,

wherein the alignment film aligns the liquid crystal mol-
ecules in such a way that an average pretilt angle of the
liquid crystal layer is 87° or more.

8. The liquid crystal display device according to claim 6,

wherein the alighment film aligns the liquid crystal mol-
ecules in such a way that an average pretilt angle of the
liquid crystal layer is 89.5° or less.

9. The liquid crystal display device according to claim 6,

wherein the second constitutional unit has a side chain
containing a vertical alignment functional group.

10. The liquid crystal display device according to claim 6,

wherein the first constitutional unit has a side chain con-
taining at least one photofunctional group selected from
the group consisting of a coumarin group, a cinnamate
group, a chalcone group, an azobenzene group, and a
stilbene group.

11. The liquid crystal display device according to claim 6,

wherein the second constitutional unit has a side chain
containing a steroid skeleton.

12. The liquid crystal display device according to claim 6,

wherein the second constitutional unit has a side chain in
which three or four rings of 1,4-cyclohexylene and/or
1,4-phenylene are linearly bonded to one another
directly or with 1,2-ethylene therebetween.
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13. The liquid crystal display device according to claim 6,

wherein the polymer has at least one main chain structure
selected from the group consisting of a polyamic acid, a
polyimide, a polyamide, and a polysiloxane.

14. The liquid crystal display device according to claim 6,

wherein each of the first and second constitutional units is

derived from a diamine.

15. The liquid crystal display device according to claim 6,
wherein the polymer is a copolymer obtainable by polymer-
izing a monomer component containing a diamine and at least
one of an acid anhydride and a dicarboxylic acid.

16. The liquid crystal display device according to claim 1,

wherein a ratio by weight of a monomer component of the

second constitutional unit to a monomer component of
the first constitutional unit is 4% or more.

17. The liquid crystal display device according to claim 1,

wherein a ratio by weight of a monomer component of the

second constitutional unit to a monomer component of
the first constitutional unit is 40% or less.

18. The liquid crystal display device according to claim 1,

comprising pixels arranged in a matrix pattern,

the pixels including a pixel electrode and a common elec-

trode,

the pixel electrode being arranged in a matrix pattern on a

liquid crystal layer side-surface of one of the pair of
substrates,

the common electrode being arranged on a liquid crystal

layer side-surface of the other substrate,

wherein the pixels include two or more domains adjacent to

each other.

19. A liquid crystal display device comprising:

a pair of substrates;

a liquid crystal layer containing liquid crystal molecules;

and

an alignment film,

the liquid crystal layer being interposed between the pair of

substrates,
the alignment film being arranged on a liquid crystal layer
side-surface of at least one of the pair of substrates,

wherein the alignment film includes a polymer containing:
a third constitutional unit having a structure derived
from a photofunctional group; and a fourth constitu-
tional unit having an alignment functional group without
a structure derived from a photofunctional group.

20. A polymer for alignment film materials, included in an
alignment film material for the alignment film included in the
liquid crystal display device according to claim 1.
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