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Description

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal display device and a production method thereof.

BACKGROUND ART

[0002] Liquid crystal display devices are used not only as small-sized display devices, e.g., the display sections of
mobile phones, but also as large-sized television sets. Liquid crystal display devices of the TN (Twisted Nematic) mode,
which have often been used conventionally, have relatively narrow viewing angles. In recent years, however, liquid
crystal display devices with wide viewing angles have been produced, e.g., the IPS (In-Plane Switching) mode and the
VA (Vertical Alignment) mode. Among such modes with wide viewing angles, the VA mode is adopted in a large number
of liquid crystal display devices because of an ability to realize a high contrast ratio.

[0003] As one kind of VA mode, the MVA (Mutli-domain Vertical Alignment) mode is known, under which a plurality
of liquid crystal domains are created in one pixel region. An MVA-mode liquid crystal display device includes alignment
regulating structures provided on the liquid-crystal-layer side of at least one of a pair of opposing substrates, between
which a vertical-alignment type liquid crystal layer is interposed. The alignment regulating structures may be linear slits
(apertures) or ribs (protruding structures) that are provided on electrodes, for example. The alignment regulating struc-
tures provide alignment regulating forces from one side or both sides of the liquid crystal layer, thus creating a plurality
of liquid crystal domains (typically four liquid crystal domains) with different alignment directions, whereby the viewing
angle characteristics are improved.

[0004] Also known as one kind of VA mode is the CPA (Continuous Pinwheel Alignment) mode. In a generic liquid
crystal display device of the CPA mode, pixel electrodes of a highly symmetrical shape are provided, and on a counter
electrode, protrusions are provided corresponding to the centers of liquid crystal domains. These protrusions are also
referred to as rivets. When a voltage is applied, in accordance with an oblique electric field which is created with the
counter electrode and a highly symmetrical pixel electrode, liquid crystal molecules take an inclined alignment of a radial
shape. Moreover, the inclined alignment of the liquid crystal molecules are stabilized due to the alignment regulating
forces of side slopes of the rivets. Thus, the liquid crystal molecules in one pixel are aligned in a radial shape, thereby
improving the viewing angle characteristics.

[0005] Unlike in TN-mode liquid crystal display devices in which the pretilt direction of liquid crystal molecules is defined
by an alignment film, alignment regulating forces in an MVA-mode liquid crystal display device are applied to the liquid
crystal molecules by linear slits or ribs. Therefore, depending on distances from the slits and ribs, the alignment regulating
forces for the liquid crystal molecules within a pixel region will differ, thus resulting in differing response speeds of the
liquid crystal molecules within the pixel. Similarly, also in the CPA mode, the response speeds of the liquid crystal
molecules will differ within the pixel, and the differences in response speed will become more outstanding as the pixel
electrodes increase in size. Furthermore, in a VA-mode liquid crystal display device, the light transmittance in the regions
in which slits, ribs, or rivets are provided is low, thus making it difficult to realize a high luminance.

[0006] In order to avoid the above problems, use of an alignment film for applying alignment regulating forces to liquid
crystal molecules in a VA-mode liquid crystal display device is also known, such that the liquid crystal molecules will tilt
from the normal direction of a principal face of the alignment film in the absence of an applied voltage (see, for example,
Patent Document 1). The alignment film aligns the liquid crystal molecules so that the liquid crystal molecules will be
tilted from the normal direction of its principal face even in the absence of an applied voltage, whereby an improved
response speed is realized. Furthermore, since the alignment film defines the pretilt azimuth of liquid crystal molecules
so that the liquid crystal molecules within one pixel will be symmetrically aligned, the viewing angle characteristics are
improved. In a liquid crystal display device disclosed in Patent Document 1, four liquid crystal domains are formed in a
liquid crystal layer in accordance with a combination of two alignment regions of a first alignment film and two alignment
regions of a second alignment film, whereby a wide viewing angle is realized.

[0007] However, a liquid crystal display device whose liquid crystal molecules have their pretilt direction defined in
this manner may not have a sufficient long-term reliability. Patent Document 2 discloses improving long-term reliability
by providing not only a vertical alignment film (first alignment layer) which has been subjected to a rubbing treatment,
butalso anotheralignment layer (second alignment layer) which is formed by radiating ultraviolet light onto a polymerizable
compound (e.g., a photopolymerizable monomer) which is mixed in the liquid crystal material.

[0008] However, when a rubbing treatment is performed as disclosed in Patent Document 2, the alignment film may
be damaged to generate impurities, or cause static electricity, thus degrading the production yield. Therefore, in order
to realize an improved response speed without performing a rubbing treatment, a pretilt may be applied so that the liquid
crystal molecules will be tilted from the normal direction of a principal face of the alignment film in the absence of an
applied voltage (see Patent Documents 3 and 4). Such a technique is referred to as a Polymer Sustained Alignment
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Technology (hereinafter, referred to as the "PSA technique"). In the PSA technique, the pretilt direction of the liquid
crystal molecules is controlled by a polymer that is generated by irradiating the polymerizable compound with an active
energy ray (e.g., ultraviolet light) while applying a voltage to a liquid crystal layer in which a small amount of polymerizable
compound (e.g., a photopolymerizable monomer) is mixed.

[0009] The liquid crystal display devices of Patent Documents 3 and 4 are based on an MVA mode such that slits or
ribs are provided as alignment regulating structures. In the liquid crystal display device of Patent Document 3, linear
slits and/or ribs are provided, and with a voltage application, the liquid crystal molecules are aligned so that the azimuth
angle component of the liquid crystal molecules is orthogonal to the slits or ribs. When ultraviolet light is radiated in this
state, a polymer is formed, whereby the alignment state of the liquid crystal molecules is maintained (stored). After this,
even after the voltage application is terminated, the liquid crystal molecules will be tilted in a pretilt azimuth from the
normal direction of a principal face of the alignment film.

[0010] Moreover, the liquid crystal display device of Patent Document 4 includes a minute stripe pattern of electrodes.
When a voltage is applied across the liquid crystal layer, the liquid crystal molecules are aligned so as to be parallel to
the longitudinal direction of the stripe pattern. This is in contrast to the liquid crystal display device of Patent Document
3, where the azimuth angle component of the liquid crystal molecules is orthogonal to the slits or ribs. Moreover, since
a plurality of slits are provided, disorders in alignment are suppressed. In this state, ultraviolet light is radiated to maintain
(store) the alignment state of the liquid crystal molecules. After this, even after the voltage application is terminated, the
liquid crystal molecules will be tilted in a pretilt azimuth from the normal direction of a principal face of the alignment film.
Thus, without performing a rubbing treatment, the liquid crystal molecules can be aligned so as to be tilted from the
normal direction of a principal face of the alignment film.

CITATION LIST

PATENT LITERATURE

[0011]
[Patent Document 1] Japanese Laid-Open Patent Publication No. 11-352486
[Patent Document 2] Japanese Patent No. 3520376
[Patent Document 3] Japanese Laid-Open Patent Publication No. 2002-357830
[Patent Document 4] Japanese Laid-Open Patent Publication No. 2003-149647

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0012] In the liquid crystal display devices of Patent Documents 3 and 4, slits or ribs for restricting the alginment
directions of liquid crystal molecules are provided, and lightirradiation is performed while tilting the liquid crystal molecules
from the normal direction of a principal face of the alignment film by applying a voltage. Therefore, a complex fabrication
apparatus is required which includes a device for applying a voltage to the liquid crystal panel and a device for radiating
light.

[0013] Moreover, when forming a liquid crystal layer through dropwise application of a liquid crystal material, generally
speaking, a plurality of liquid crystal panels are to be concurrently formed from a large-sized mother glass substrate. In
this case, each liquid crystal panel is cut out from the large-sized mother glass substrate. In the case where a plurality
of liquid crystal panels are concurrently formed, a design must be adopted such that special wiring lines are formed on
the mother glass substrate for allowing a voltage to be simultaneously applied to the plurality of liquid crystal panels. In
the case where a liquid crystal panel of a particularly large size is to be produced, it is difficult to uniformly apply a voltage
across the liquid crystal layer in the respective pixels. If light irradiation is performed with non-uniform voltages being
applied, there will be fluctuations in the pretilt angle.

[0014] The present invention has been made in view of the above problems, and an objective thereof is to provide a
liquid crystal display device which can be easily produced without performing a rubbing treatment, as well as a production
method thereof.

SOLUTION TO PROBLEM
[0015] A liquid crystal display device according to the present invention is a liquid crystal display device including an

active matrix substrate, a counter substrate, and a vertical-alignment type liquid crystal layer provided between the active
matrix substrate and the counter substrate, wherein at least one of the active matrix substrate and the counter substrate



10

15

20

25

30

35

40

45

50

55

EP 2 306 238 A1

includes a photo-alignment film, the liquid crystal display device further including: an alignment sustaining layer provided
between the photo-alignment film and the liquid crystal layer, the alignment sustaining layer containing a polymer resulting
from polymerization of a photopolymerizable compound.

[0016] In one embodiment, the photo-alignment film contains a polymer including a main chain and a side chain, the
side chain having a cinnamate group.

[0017] In one embodiment, the liquid crystal display device has a plurality of pixels; and in each of the plurality of
pixels, the liquid crystal layer has a plurality of liquid crystal domains with respectively different reference alignment
azimuths.

[0018] Inone embodiment, each of the active matrix substrate and the counter substrate includes the photo-alignment
film, the plurality of liquid crystal domains being four liquid crystal domains.

[0019] In one embodiment, a pretilt angle of liquid crystal molecules in the liquid crystal layer is in a range from 85°
to 89.7°.

[0020] In one embodiment, the photopolymerizable compound has at least one ring structure or condensed ring
structure and at least one polymerizable functional group chemically bonded to the ring system or condensed ring system.
[0021] In one embodiment, the photopolymerizable compound is a polymerizable monomer; and the polymerizable
monomer is represented by the general formula P1-A1-(ZI-A2)n-P2 (where P1 and P2 are, independently, acrylate,
methacrylate, acrylamide, methacrylamide, vinyl, vinyloxy, or an epoxy group; A1 and A2 represent, independently, 1,4-
phenylene or naphthalene -2,6-diyl group; Z1 is a -COO- or -OCO- group or a single bond; and nis 0, 1, or 2).

[0022] In one embodiment, P1 and P2 are acrylate groups; Z1 is a single bond; and nis 0 or 1.

[0023] In one embodiment, P1 and P2 are methacrylate groups; Z1 is a single bond; and nis 0 or 1.

[0024] In one embodiment, P1 and P2 are acrylamide groups; Z1 is a single bond; and nis 0 or 1.

[0025] In one embodiment, P1 and P2 are methacrylamide groups; Z1 is a single bond; and nis 0 or 1.

[0026] A production method for a liquid crystal display device according to the present invention includes: a step of
providing an active matrix substrate and a counter substrate, where light is radiated to form a photo-alignment film over
at least one of the active matrix substrate and the counter substrate; a step of forming a liquid crystal layer between the
active matrix substrate and the counter substrate by providing a liquid crystal material between the active matrix substrate
and the counter substrate, the liquid crystal material having a photopolymerizable compound mixed therein, and the
photo-alignment film regulating liquid crystal molecules in the liquid crystal layer so that the liquid crystal molecules are
aligned with a tilt from a normal direction of a principal face of the photo-alignment film in the absence of an applied
voltage; and a step of forming an alignment sustaining layer between the photo-alignment film and the liquid crystal layer
by polymerizing the photopolymerizable compound through light irradiation.

[0027] Inone embodiment, in the step of forming the photo-alignment film, the photo-alignment film contains a polymer
including a main chain and a side chain, the side chain having a cinnamate group.

[0028] In one embodiment, in the step of forming the alignment sustaining layer, the light irradiation is performed
without applying a voltage across the liquid crystal layer.

[0029] In one embodiment, in the step of forming the photo-alignment film, the light has a wavelength in a range from
250 nm to 400 nm.

[0030] In one embodiment, in the step of forming the photo-alignment film, light is radiated from a direction which is
inclined with respect to a normal direction of a principal face of at least one of the active matrix substrate and the counter
substrate by no less than 5° and no more than 85°.

[0031] In one embodiment, in the step of forming the photo-alignment film, the light is unpolarized light.

[0032] Inone embodiment, in the step of forming the photo-alignment film, the light is linearly polarized light, elliptically
polarized light, or circularly polarized light.

ADVANTAGEOUS EFFECTS OF INVENTION

[0033] According to the presentinvention, there is provided a liquid crystal display device which can be easily produced
without performing a rubbing treatment, as well as a production method thereof.

BRIEF DESCRIPTION OF DRAWINGS

[0034]

[FIG. 1] (a) is a schematic diagram of an embodiment of a liquid crystal display device according to the present
invention; and (b) is a schematic diagram of a liquid crystal panel of the liquid crystal display device of the present
embodiment.

[FIG. 2] Schematic diagrams showing an alignment film and neighboring liquid crystal molecules in a liquid crystal
display device of Comparative Example, where: (a) is a schematic diagram before voltage application; (b) is a
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schematic diagram during voltage application; and (c) is a schematic diagram after voltage application.

[FIG. 3] Schematic diagrams showing an alignment film and neighboring liquid crystal molecules in a liquid crystal
display device of the present embodiment, where: (a) is a schematic diagram before voltage application; (b) is a
schematic diagram during voltage application; and (c) is a schematic diagram after voltage application.

[FIG. 4] (a) to (d) are schematic diagrams each illustrating a production method of the liquid crystal display device
of the present embodiment.

[FIG. 5] (a) and (b) are schematic diagrams of an alignment film of the liquid crystal display device of the present
embodiment, whereas (c) is a schematic diagram showing alignment directions of liquid crystal molecules in the
center of a liquid crystal domain.

[FIG. 6] A schematic diagram of a liquid crystal panel of Example 1.

[FIG. 7] (a) and (b) are micrographs each showing polymers which are formed on the surface of an alignment film
of the liquid crystal display device of Example 1.

[FIG. 8] A schematic diagram of a liquid crystal panel of Comparative Example 1.

[FIG. 9] (a) and (b) are micrographs each showing the surface of an alignment film of a liquid crystal display device
of Comparative Example 1.

[FIG. 10] A schematic diagram of a liquid crystal panel of Comparative Example 2.

DESCRIPTION OF EMBODIMENTS

[0035] Hereinafter, with reference to the drawings, an embodiment of a liquid crystal display device according to the
present invention will be described.

[0036] FIG.1(a) shows a schematic diagram of a liquid crystal display device 100 according to the present embodiment.
The liquid crystal display device 100 includes a liquid crystal panel 110, a driving circuit 112 for driving the liquid crystal
panel 110, and a control circuit 114 for controlling the driving circuit 112. Although not shown, the liquid crystal display
device 100 may include a backlight as necessary.

[0037] As shownin FIG. 1(b), the liquid crystal panel 110 includes an active matrix substrate 120, a counter substrate
140, and a liquid crystal layer 160 of a vertical-alignment type. The active matrix substrate 120 includes a first transparent
substrate 122, a pixel electrode 126, and a first alignment film 128. The counter substrate 140 includes a second
transparent substrate 142, a counter electrode 146, and a second alignment film 148. The liquid crystal layer 160 is
interposed between the active matrix substrate 120 and the counter substrate 140.

[0038] The liquid crystal display device 100 includes pixels composing a matrix of a plurality of rows and a plurality of
columns, and at least one switching element (e.g., a thin film transistor (TFT) (not shown in the figure) is provided for
each pixel on the active matrix substrate 120. In the present specification, a "pixel" refers to the smallest unit that
expresses a specific gray scale level in displaying; in the case of multicolor displaying, a "pixel" corresponds to a unit
that expresses a gray scale level of each of R, G, and B, for example, and is also referred to as a dot. A combination of
an R pixel, a G pixel, and a B pixel composes a single color displaying pixel. A "pixel region" refers to a region of the
liquid crystal panel 110 that corresponds to a "pixel" in displaying.

[0039] Although not shown, a polarizer is provided on each of the active matrix substrate 120 and the counter substrate
140. Thus, the two polarizers are disposed so as to oppose each other with the liquid crystal layer 160 interposed
therebetween. The transmission axes (polarization axes) of the two polarizers are positioned so as to be orthogonal to
each other, such that one of them extends along the horizontal direction (row direction), whereas the other extends
along the vertical direction (column direction).

[0040] The liquid crystal layer 160 contains a nematic liquid crystal material (liquid crystal molecules 162) having
negative dielectric anisotropy. The first alignment film 128 and the second alignment film 148 are each treated so that
the pretilt angle of the liquid crystal molecules 162 is less than 90° with respect to the surface of the vertical alignment
film. The pretilt angle of the liquid crystal molecules 162 is an angle between principal faces of the first alignment film
128 and the second alignment film 148 and the major axis of each liquid crystal molecule that is regulated in a pretilt
direction. By irradiating the first or second alignment film 128 or 148 with light from a direction which is oblique to the
normal direction of its principal face, an alignment regulating force is applied to the first or second alignment film 128 or
148 such that the liquid crystal molecules 162 are aligned with a tilt from the normal direction of the principal face of the
alignment film in the absence of an applied voltage. Such a treatment is also referred to as a photo-alignment treatment.
In the present specification, an alignment film which has been subjected to a photo-alignment treatment may also be
referred to as a "photo-alignment film". Since a photo-alignment treatment is performed without involving any contact,
static electricity will not occur due to friction as in a rubbing treatment, and thus the production yield can be improved.
At the molecular level, chemical changes such as dimerization, bonding or dissociation of molecules will occur in an
alignment film which has been subjected to a photo-alignment treatment, whereas no change in the state of bonding
will occur in an alignment film which has been subjected to a rubbing treatment.

[0041] Moreover, the first and second alignment films 128 and 148 contain, for example, a polymer having a polyimide
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type (PI) main chain and a side chain which contains a cinnamate group as a photoreactive functional group, such that
a dimerization site which is formed through light irradiation is provided on the side chain. Moreover, the side chain may
contain a fluorine atom. By containing a fluorine atom, the "image sticking" described below will be suppressed to a
certain extent, although not adequately.

[0042] For example, the main chain of the polymer of the first and second alignment films 128 and 148 is represented
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by the following structural formula.

[Formula 1]

[0043] Alternatively, the main chain of the polymer of the first and second alignment films 128 and 148 may be one
that is represented by the following structural formula.

[Formula 2]
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[0044] Note that the polymers represented by the different structural formulae above may be mixed such that one is
present in at least a small amount.

[0045] Moreover, the side chain of the polymer of the first and second alignment films 128 and 148 is generally
represented by the following structural formula.

[Formula 3]
Q Y

Main chain {--- 8% — D% 31_.-@.35;{. 82——C2 ;;B

X

[0046] A represents pyrimidine-2,5-diyl, pyridine-2,5-diyl, 2,5-thiophenylene, 2,5-furanylene, 1,4-or 2,6-naphthylene,
or phenylene, optionally substituted by a group selected from fluorine, chlorine, and cyano, or by a C,_4g cyclic, straight-
chain, or branched alkyl residue (which is optionally substituted by one cyano group or one or more halogen atoms,
where one or more non-adjacent -CH,- groups of the alkyl are optionally replaced by a group Q).

[0047] B is a straight-chain or branched alkyl residue which is unsubstituted, mono-substituted by cyano or halogen,
or poly-substituted by halogen, having 3 to 18 carbon atoms (where one or more non-adjacent CH, groups may inde-
pendently be replaced by a group Q).

[0048] C'and C2 each independently of the other represent an aromatic or alicyclic group (which is unsubstituted or
substituted by fluorine, chlorine, cyano, or by a cyclic, straight-chain, or branched alkyl residue (which is unsubstituted,
mono-substituted by cyano or halogen, or poly-substituted by halogen, having 1 to 18 carbon atoms and where one or
more non-adjacent CH, groups may independently be replaced by a group Q)). D represents an oxygen atom or - NR'-
(where R represents a hydrogen atom or lower alkyl).

[0049] S' and S2 each independently of the other represent a single covalent bond or a spacer unit. S3 represents a
spacer unit.

[0050] Q represents a group selected from -O-, -CO-, -COO-, -O-CO-, -Si(CHj),-0-Si(CHs),-, -NR!-, -NR1-CO-, -CO-
NR'-, - NR1-CO-O-, -O-CO-NR'-, -NR1-CO-NR'-, -CH=CH-, -C=C-, and -O-CO-O- (where R represents a hydrogen
atom or lower alkyl). Xand Y each independently of the other represent hydrogen, fluorine, chlorine, cyano, alkyl optionally
substituted by fluorine having carbon atoms 1 to 12 (where optionally one or more non-adjacent CH, groups are replaced
by -O-, -CO-0O-, -O-CO- and/or -CH=CH-).

[0051] Herein, it is preferable that A includes an aromatic compound; B includes fluorocarbon; D includes at least one
or more hydrocarbon groups; and X and Y include hydrogen atoms.

[0052] More specifically, the side chain of the polymer of the first and second alignment films 128 and 148 is represented
by the following structural formula, for example.

[Formula 4]

O

[onaan }-on—0 G

N
SO
O—(CHy),—CF,4

[0053] Each of the first and second alignment films 128 and 148 may have a plurality of alignment regions for each
pixel. For example, a portion of the first alignment film 128 may be masked, and after a predetermined region of the first
alignment film 128 is irradiated with light from a certain direction, another region which was not irradiated with light may
be irradiated with light from a different direction. The second alignment film 148 is similarly formed. In this manner,
regions subjected to alignment regulating forces can be created in each of the first and second alignment films 128 and
148.
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[0054] Although the liquid crystal layer 160 is of a vertical-alignment type, the liquid crystal molecules 162 near their
interfaces with the active matrix substrate 120 and the counter substrate 140 are slightly tilted from the normal directions
of the principal faces of the first and second alignment films 128 and 148. The pretilt angle is within a range from 85° to
89.7°, for example.

[0055] Moreover, the pretilt azimuth of the liquid crystal molecules 162 introduced by the first alignment film 128 is
different from the pretilt azimuth of the liquid crystal molecules 162 introduced by the second alignment film 148. For
example, the pretilt azimuth of the liquid crystal molecules 162 introduced by the first alignment film 128 intersects, at
90°, the pretilt azimuth of the liquid crystal molecules 162 introduced by the second alignment film 148. Herein, the liquid
crystal layer 160 does not include any chiral agent, so that, when a voltage is applied across the liquid crystal layer 160,
the liquid crystal molecules within the liquid crystal layer 160 take a twist alignment in accordance with the alignment
regulating forces from the first and second alignment films 128 and 148. However, a chiral agent may be added to the
liquid crystal layer 160 as necessary. In combination with polarizers which are placed in crossed Nicols, the liquid crystal
layer 160 performs displaying in a normally black mode.

[0056] In the liquid crystal display device 100 of the present embodiment, a first alignment sustaining layer 130 is
provided between the first alignment film 128 and the liquid crystal layer 160. The first alignment sustaining layer 130
contains a polymer 132, which is a polymerized form of a photopolymerizable compound. Moreover, a second alignment
sustaining layer 150 is provided between the second alignment film 148 and the liquid crystal layer 160. The second
alignment sustaining layer 150 contains a polymer 152, which is a polymerized form of a photopolymerizable compound.
The first and second alignment sustaining layers 130 and 150 maintain the alignment of the liquid crystal molecules
162, such that the alignment directions of the liquid crystal molecules 162 are defined at least by the first and second
alignment sustaining layers 130 and 150. Although FIG. 1(b) illustrates the first and second alignment sustaining layers
130 and 150 to be films covering the entire first and second alignment films 128 and 148, the first and second alignment
sustaining layers 130 and 150 do not need to be provided so as to cover the entire first and second alignment films 128
and 148, but may be provided in island shapes. The polymers 132 and 152 of the first and second alignment sustaining
layers 130 and 150 are formed by, after allowing a liquid crystal material having a photopolymerizable compound mixed
therein to be applied in between the first alignment film 128 of the active matrix substrate 120 and the second alignment
film 148 of the counter substrate 140, irradiating the photopolymerizable compound with light. In the following description,
the step of forming the alignment sustaining layers 130 and 150 through such light irradiation will also be referred to as
a photopolymerization step.

[0057] Before performing the photopolymerization step, the first and second alignment films 128 and 148 are subjected
to a photo-alignment treatment, so that the liquid crystal molecules 162 are tilted from the normal directions of the
principal faces of the first and second alignment films 128 and 148, thus making it unnecessary to apply a voltage in the
photopolymerization step. Therefore, it would be possible to form the polymers 132 and 152 of the first and second
alignment sustaining layers 130 and 150 by using a relatively inexpensive light irradiation apparatus. Moreover, even
in the case where the liquid crystal material is added through dropwise application, it is possible to utilize a commonly-
used fabrication apparatus, with no need to design complex additional wiring lines. Moreover, since the first and second
alignment films 128 and 148 have been subjected to a photo-alignment treatment and there is no need to provide slits,
ribs, or rivets in the pixel electrode 126 and the counter electrode 146, the effective aperture ratio can be increased.
Moreover, the step of providing ribs or rivets on the pixel electrode 126 and the counter electrode 146 can be omitted,
thus making it possible to reduce cost.

[0058] Note that, in the case where the alignment sustaining layers 130 and 150 are omitted, impurity ions may occur
from the impurities that are generated due to the damage upon light irradiation for forming the photo-alignment films,
etc., thus degrading the voltage holding ratio. Moreover, an image sticking may occur when the alignment sustaining
layers 130 and 150 are omitted.

[0059] Now, image sticking will be described. It is a known phenomenon that, when a liquid crystal display device
keeps displaying the same pattern for a long time, that pattern may stick. An image sticking is conspicuously observed
when conducting an aging test. In an aging test, for example, a central portion (window) of the display screen may be
designated as region 1 and its surrounding portion as region 2, and after displaying white in region 1 and black in region
2 for a long time, the entire panel is caused to display a uniform intermediate tone (gray color), of which displaying is to
be checked. For example, when an image sticking occurs in a liquid crystal display device of the normally black mode
(black is displayed in the absence of an applied voltage), region 1 will appear brighter than region 2. Conventionally, the
cause for this has mainly been considered as the impurity ions in the liquid crystal layer being attracted to region 1,
where voltage is being applied, and stored on the alignment film surface, thus allowing a DC component to occur in
region 1. When a DC component occurs in this manner, the optimum counter voltage would differ between region 1 and
region 2. This can be confirmed from the phenomenon in which, as the potential of the counter electrode is varied from
a state where an image sticking is being observed, the image sticking once becomes less visible but will again become
conspicuous. This image sticking is referred to as a "DC image sticking". Conventionally, measures have been taken to
prevent a DC image sticking, e.g., reducing the amount of impurity ions in the liquid crystal layer, using an alignment
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film material which is unlikely to adsorb impurity ions, finding a combination of such a liquid crystal material and such
an alignment film material, and adjusting the counter voltage so that the image sticking will be less visible.

[0060] However, in a liquid crystal display device having the aforementioned photo-alignment films, a phenomenon
may occur such that, when the same pattern keeps being displayed for a long time, that pattern may stick. This image
sticking, which is not ascribable to a DC component, may sometimes be referred to as an "AC image sticking".

[0061] Itis presumable that an AC image sticking occurs in the following manner: when a voltage keeps being applied
across a liquid crystal layer, the pretilt angle of the liquid crystal molecules restricted (anchored) by the alignment film
decreases with lapse of time, thus causing a shift in the threshold voltage of the V-T curve toward the lower voltage
side. For example, when the central portion (window) of the display screen is designated as region 1 and its surrounding
portion as region 2, if an aging test is conducted while region 1 displays white and region 2 displays black, the pretilt
angle of the liquid crystal molecules in region 1 (where the voltage is applied for a long time) will decrease, whereas the
pretilt angle of the liquid crystal molecules in region 2 (where no voltage is applied) will not change. In this case, if the
entire panel is caused to display a uniform gray scale tone, region 1 will appear brighter than region 2. As indicated by
the fact that the appearance of the image sticking does not change even if the potential of the counter electrode is varied,
this image sticking is not a DC image sticking. This phenomenon is conspicuous in the case where a VA-mode liquid
crystal display device is used to perform display in the normally black mode, but will presumably occur in other modes
as well.

[0062] In the liquid crystal display device 100 of the present embodiment, the first and second alignment sustaining
layers 130 and 150 are provided, whereby impurities and the like which have occurred due to damage upon lightirradiation
are stabilized so as to suppress occurrence of impurity ions, and the pretilt direction of the liquid crystal molecules 162
is fixed, thus suppressing occurrence of an image sticking.

[0063] Now, the reason why an AC image sticking is suppressed by formation of a polymer will be described. First,
with reference to FIG. 2, alignment states of liquid crystal molecules in a liquid crystal display device of Comparative
Example will be described. The liquid crystal display device of Comparative Example includes photo-alignment films,
and the liquid crystal molecules are aligned so as to be slightly tilted from the normal direction of a principal face of the
alignment film before voltage application. However, no alignment sustaining layer that contains a polymer is provided.
[0064] FIG. 2(a) shows an alignment state of liquid crystal molecules 462 near an alignment film 428 before voltage
application; FIG. 2(b) shows an alignment state of the liquid crystal molecules 462 near the alignment film 428 during
voltage application; and FIG. 2(c) shows an alignment state of the liquid crystal molecules 462 near the alignment film
428 after voltage application. The alignment film 428 contains a polymer 428p which includes a main chain 428a and
side chains 428b, the side chains 428b having photoreactive functional groups 428c.

[0065] AsshowninFIG. 2(a), before a voltage is applied across the liquid crystal layer 460, the liquid crystal molecules
462 are aligned essentially vertically, although slightly tilted from the normal direction of the principal face of the alignment
film 428; as a result, most of the side chains 428b extend in an essentially vertical direction from the main chain 428a,
in parallel to the alignment direction of the liquid crystal molecules 462. Some of the side chains 428b share dimerization
sites 428d which are created through dimerization of the photoreactive functional groups 428c¢. Such dimerization sites
428d define a pretilt direction, which is expressed in terms of a pretilt azimuth and a pretilt angle.

[0066] As shown in FIG. 2(b), when an AC voltage is applied across the liquid crystal layer 460, the liquid crystal
molecules 462 receive a force which causes them to be tilted in accordance with the electric field. The force with which
the liquid crystal molecules 462 are tilted propagates to the side chains 428b, so that the side chains 428b also tilt in
accordance with the tilt of the liquid crystal molecules 462. Note that the applied voltage herein is an AC voltage, whereby
occurrence of a DC image sticking is being suppressed.

[0067] As shown in FIG. 2(c), when the AC voltage is turned off, the liquid crystal molecules 462 try to resume their
original positions, whereby the tilted side chains 428b also try to resume their original positions. Thus, a force of restoration
(restoration force) is applied to the side chains 428b. However, since the side chains 428b were tilted together with the
liquid crystal molecules 462 under an applied voltage as shown in FIG. 2(b), even if the voltage is turned off, some of
the side chains 428b are not completely restored. Since the alignment directions of the liquid crystal molecules 462 are
affected not only by the electric field but also by the side chains 428b, the pretilt angle of the liquid crystal molecules
462 becomes small, as will be understood from the comparison between FIG. 2(a) and FIG. 2(c). Thus, the pretilt angle
is reduced with voltage application time, whereby an AC image sticking occurs.

[0068] Next, with reference to FIG. 3, the alignment states of the liquid crystal molecules 162 in the liquid crystal
display device 100 of the present embodiment are described. FIG. 3(a) shows alignment states of the liquid crystal
molecules 162 near the alignment film 128 before voltage application; FIG. 3(b) shows alignment states of the liquid
crystal molecules 162 near the alignment film 128 during voltage application; and FIG. 3(c) shows alignment states of
theliquid crystal molecules 162 nearthe alignment film 128 after voltage application. FIG. 3isillustrated in correspondence
with FIG. 2. Although the first alignment film 128 and its neighborhood are described herein, the second alignment film
148 and its neighborhood are also the same. The first alignment film 128 contains a polymer 128p which includes a
main chain 128a and side chains 128b, the side chains 128b having photoreactive functional groups 128c.
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[0069] As shown in FIG. 3(a), before voltage application, most of the side chains 128b extend in the vertical direction
from the main chain 128a. Moreover, some of the side chains 128b share dimerization sites 128d which are created
through dimerization of the photoreactive functional groups 128c. However, as will be understood from a comparison
with FIG. 2(a), the polymer 132 of the alignment sustaining layer 130 is formed so as to be entangled with the side
chains 128b.

[0070] As shownin FIG. 3(b), when an AC voltage is applied, the liquid crystal molecules 162 are tilted in accordance
with the electric field. At this time, together with the liquid crystal molecules 162, the side chains 128b receive a force
which causes them to be tilted, but at least some of the side chains 128b are held by the polymer 132 so as not to be tilted.
[0071] As shown in FIG. 3(c), when the AC voltage is turned off, the liquid crystal molecules 162 try to resume their
original positions, and the side chains 128b try to resume their original positions with the movement of the liquid crystal
molecules 162. At this time, as shown in FIG. 3(b), since the side chains 128b were held by the polymer 132 so as not
to be tilted under an applied voltage, most of the side chains 128b resume their original positions, as will be understood
from a comparison with FIG. 2(c). Thus, since the polymer 132 exists in a manner of tangling with the side chains 128b,
the force that propagates to the side chains 128b from the liquid crystal molecules 162 is weakened without disturbing
the alignment states of the liquid crystal molecules 162, and the side chains 128b will be easily restored after voltage
application, such that the pretilt angle of the liquid crystal molecules 162 is hardly changed before or after voltage
application. Therefore, AC image sticking can be suppressed.

[0072] In the liquid crystal display device 100 of the present embodiment, since the first alignment sustaining layer
130 containing the polymer 132 is provided between the liquid crystal layer 160 and the first alignment film 128, the
force of the liquid crystal molecules 162 tilting with the electric field is made less likely to propagate to the side chains
128b, without changing the alignment state of the liquid crystal molecules 162. Moreover, because of the polymer 132
as such, even if the force of the tilting liquid crystal molecules 162 does propagate to the side chains 128b, the force
propagating to the side chains 128b will be little, so that the liquid crystal molecules 162 will easily resume their original
positions after voltage application. Consequently, fluctuations of the pretilt angle of the liquid crystal molecules 162 are
suppressed by the first alignment sustaining layer 130. Similarly, since the second alignment sustaining layer 150
containing the polymer 152 is provided between the liquid crystal layer 160 and the second alignment film 148, fluctuations
of the pretilt angle of the liquid crystal molecules 162 are suppressed. In this manner, alleviation of the AC image sticking
is realized.

[0073] Moreover, when lightis radiated for polymerizing the photopolymerizable compound, impurities may occur from
the first and second alignment films 128 and 148. In the liquid crystal display device 100 of the present embodiment,
impurities are stabilized because the first and second alignment sustaining layers 130 and 150 are provided, whereby
a decrease in the voltage holding ratio can be suppressed.

[0074] Hereinafter, with reference to FIG. 4, a production method for the liquid crystal display device 100 will be
described.

[0075] First, as showninFIG. 4(a), an active matrix substrate 120, having the pixel electrode 126 and the first alignment
film 128 provided on the transparent substrate 122, is provided. Although not shown in FIG. 4(a) thin film transistors
(Thin Film Transistors: TFTs) and wiring lines and the like that are connected to the TFTs are provided between the
transparent substrate 122 and the pixel electrode 126.

[0076] The first alignment film 128 is formed by applying an alignment film material having a polyamic acid (PAA) type
main chain and a side chain containing the aforementioned cinnamate group, and performing a heat treatment. The
structural formula of the main chain of the polymer in the alignment film material is expressed as follows.
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[Formula 5]
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[0077] Alternatively, the structural formula of the main chain of the polymer in the alignment film material may be as
expressed below.

[Formula 6]
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[0078] Note that the polymers represented by the different structural formulae above may be mixed such that one is
present in at least a small amount.

[0079] Through the heat treatment, the main chain of the polyamic acid type is altered into the main chain of the
polyimide type described above.

[0080] Next, the first alignment film 128 is subjected to a photo-alignment treatment. For example, light in a range
from wavelengths of no less than 250 nm and no more than 400 nm is radiated onto the first alignment film 128 at an
irradiation dose of no less than 20 mJ/cm? and no more than 200 mJ/cm?2, from a direction which is tilted from the normal
direction of the principal face of the first alignment film 128. If the irradiation dose is greater than 200 mJ/cmZ2, the
alignment film will be deteriorated and the problem of reliability degradation will be conspicuous. As the irradiation angle
with respect to the normal direction of the principal face of the first alignment film 128 becomes smaller, the tilt of the
liquid crystal molecules 162 from the normal direction of the principal face of the first alignment film 128 will become
smaller; and as the irradiation angle becomes larger, the irradiation amount relative to the irradiation time (irradiation
amount efficiency) will become lower. The irradiation angle is preferably in the range of no less than 5° and no more
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than 85°, and further preferably in the range of no less than 40° and no more than 60°. Moreover, the light may be
unpolarized light, or linearly polarized light, elliptically polarized light, or circularly polarized light. In the case where the
polymer of the alignment film contains a cinnamate group, it is preferable that the light is linearly polarized light. In the
case of a photolysis type alignment film, the light may be unpolarized light or circularly polarized light.

[0081] Moreover, as shown in FIG. 4(b), the counter substrate 140, having the counter electrode 146 and the second
alignment film 148 provided on the transparent substrate 142, is provided. Next, the second alignment film 148 is
subjected to a photo-alignment treatment, similarly to the first alignment film 128.

[0082] Next, as shown in FIG. 4(c), the active matrix substrate 120 and the counter substrate 140 are placed so that
the first alignment film 128 and the second alignment film 148 oppose each other. In the present specification, before
formation of the liquid crystal layer, the active matrix substrate and the counter substrate held in place will be referred
to as a "vacant panel".

[0083] Next, aliquid crystal material in which the photopolymerizable compound 164 is mixed is prepared. For example,
the photopolymerizable compound 164 is a photopolymerizable monomer, a photopolymerizable oligomer, or a mixture
thereof. As the photopolymerizable monomer, a vinyl monomer that is 2-substituted or more, which is easy to polymerize,
is used. Specifically, it is preferable to use diacrylate, dimethacrylate, diacrylamide, or dimethacrylamide as the pho-
topolymerizable monomer. In particular, when using a diacrylate or dimethacrylate monomer, containing a molecule
exhibiting mesomorphism in their side chains, the alignment of the liquid crystal molecules 162 can be maintained more
stably. Moreover, the structure between any two polymerizable sites may be better a molecular structure which is
compatible with liquid crystal, e.g., a biphenyl group. For example, the concentration of the photopolymerizable monomer
164 with respect to the liquid crystal material is an about 0.3wt% concentration.

[0084] Next, a liquid crystal material to which the photopolymerizable compound 164 is mixed is introduced between
the first alignment film 128 and the second alignment film 148 of the vacant panel, thus forming the liquid crystal layer
160. As described above, the first and second alignment films 128 and 148 have been subjected to a photo-alignment
treatment, so that the liquid crystal molecules 162 are aligned with a tilt from the normal directions of the principal faces
of the first and second alignment films 128 and 148 even in the absence of an applied voltage.

[0085] Thereafter, light is radiated. At the time of light irradiation, no voltage is applied between the pixel electrode
126 and the counter electrode 146. With the light irradiation, as shown in FIG. 4(d), the photopolymerizable compound
164 in the liquid crystal layer 160 is polymerized to form the polymers 132 and 152, and becomes phase-separated from
the liquid crystal layer 160, whereby the first and second alignment sustaining layers 130 and 150 having the polymers
132 and 152 are formed between the liquid crystal layer 160 and the first and second alignment films 128 and 148.
[0086] For example, in this photopolymerization, a light source which mainly emits ultraviolet light of a wavelength of
365 nm (i-line) is suitably used. The irradiation time is about 500 seconds, for example, and the irradiation intensity of
ultraviolet light from the light source is about 20 mW/cm2. In the case where polymerization is effected through light
irradiation, the photopolymerizable compound will sufficiently polymerize even if the intensity of light irradiation is 10
mW/cm? or less. The light wavelength is preferably in the range of no less than 250 nm and no more than 400 nm, and
more preferably in the range of no less than 300 nm and no more than 400 nm. However, polymerization will sufficiently
occur even with light of a wavelength greater than 400 nm. Although polymerization can also occur with light of a
wavelength of 300 nm or less, the irradiation amount should preferably be as small as possible because decomposition
of organic matter will occur with irradiation of deep-ultraviolet in the vicinity of the wavelength of 200 nm.

[0087] When light for polymerization is radiated from both faces, i.e., the active matrix substrate 120 side and the
counter substrate 140 side, of the liquid crystal panel 110, the polymers 132 and 152 will adhere in large amounts to
the surfaces of the alignment films 128 and 148, thus reducing the photopolymerizable compound 164 remaining in the
liquid crystal layer 160. This reduces the haze when a voltage is applied across the liquid crystal layer 160, thus improving
the contrast ratio. It will be appreciated that the photopolymerizable compound will also sufficiently polymerize with
irradiation from only one face.

[0088] Because of the first and second alignment sustaining layers 130 and 150, the alignment directions of the liquid
crystal molecules 162 are maintained, whereby AC image sticking is suppressed. Note that the photopolymerizable
compound 164 may remain in the liquid crystal layer 160 even after performing a photopolymerization step. In this case,
further light irradiation may be performed after the photopolymerization step to lower the concentration of the photopo-
lymerizable compound 164 within the liquid crystal layer 160. Such light irradiation for lowering the concentration of the
photopolymerizable compound 164 in the liquid crystal layer 160 is also referred to as secondary irradiation. Even if
secondary irradiation is performed, the pretilt angle of the liquid crystal molecules will be hardly changed. In this manner,
the liquid crystal panel 110 is formed. Thereafter, the driving circuit 112 and the control circuit 114 shown in FIG. 1(a)
are mounted on the liquid crystal panel 110, thus producing the liquid crystal display device 100.

[0089] In order to perform the PSA technique disclosed in Patent Documents 3 and 4 mentioned above, in the case
of radiating light while applying a voltage, a complex fabrication apparatus is required which includes a device for applying
a voltage across the liquid crystal panel and a device for radiating light. Moreover, since light is radiated after applying
a voltage across the liquid crystal panel for a long time in order to obtain a predetermined alignment, this fabrication
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apparatus needs to be used for a long time. Moreover, in the case of producing a liquid crystal layer of a liquid crystal
panel through dropwise application of a liquid crystal material, generally speaking, a plurality of liquid crystal panels are
concurrently produced by using a large-sized mother glass substrate, and thereafter the large-sized mother glass sub-
strate is cut to take out each liquid crystal panel. When concurrently producing a plurality of liquid crystal panels in this
manner, a design must be adopted such that special wiring lines are formed on the mother glass substrate for allowing
a voltage to be simultaneously applied to the plurality of liquid crystal panels.

[0090] Moreover, in the case where a liquid crystal panel of a particular large size is to be produced, it is difficult to
uniformly apply a voltage across the liquid crystal layer in the respective pixels. If light irradiation is performed with non-
uniform voltages being applied, there will be fluctuations in the pretilt angle of the liquid crystal molecules.

[0091] Moreover, in the case of applying a voltage under the PSA technique, ribs, slits, or rivets need to be provided
on the pixel electrode and the counter electrode for improved viewing angle characteristics. This will result in an increased
number of steps and a decrease in the effective aperture ratio.

[0092] However, in the production method of the present embodiment, no voltage is applied in the photopolymerization
step. Therefore, the liquid crystal display device 100 can be easily produced without using a complex fabrication appa-
ratus. Moreover, a liquid crystal panel can be easily produced even when producing a liquid crystal layer through dropwise
application of a liquid crystal material. Moreover, since it is not necessary to apply a voltage across the liquid crystal
layer of all pixels in the photopolymerization step, fluctuations in the pretilt angle among liquid crystal molecules can be
suppressed. Furthermore, the viewing angle can be improved without providing ribs, slits, or rivets on the pixel electrode
126 and the counter electrode 146, thus allowing for an improved design freedom.

[0093] Note that slits, ribs, and/or rivets may be provided on the pixel electrode 126 and the counter electrode 146.
Alternatively, slits, ribs, and/or rivets may not be provided on the pixel electrode 126 and the counter electrode 146, and
the liquid crystal molecules may be aligned in accordance with an oblique electric field which is created by a pixel
electrode 126 of a highly symmetrical shape and the counter electrode 146. As a result, the alignment regulating force
of the liquid crystal molecules under an applied voltage can be further increased.

[0094] Note that those skilled in the art would not think of, after a photo-alignment treatment is performed to align the
liquid crystal molecules 162 so as to be tilted from the normal directions of the principal faces of the first and second
alignment films 128 and 148, performing light irradiation for polymer formation. The reason is that, since light is radiated
from a specific direction in the photo-alignment treatment so as to allow the liquid crystal molecules 162 to be aligned
with a tilt from the normal directions of the principal faces, it would be natural to believe that the photo-alignment treatment
which has been performed for the first and second photo-alignment films 128 and 148 will be wasted if the first and
second alignment films 128 and 148 thus formed are irradiated with light of a high intensity. However, in the present
embodiment, as described above, light irradiation for polymer formation is performed after the first and second alignment
films 128 and 148 are formed through a photo-alignment treatment. Even if a photopolymerization step is thus performed
after the photo-alignment treatment, the function of the first and second photo-alignment films 128 and 148 to provide
alignment regulating forces for the liquid crystal molecules will not be lost, and the alignment regulating force will be
hardly affected. One reason why the function of the first and second photo-alignment films 128 and 148 is maintained
even by radiating light for polymerizing the photopolymerizable compound is that this light has a peak wavelength which
is different from the peak wavelength of the photoreactive functional group. For example, the peak wavelength of light
at the time of polymerization is 360 nm, whereas the absorption peak wavelength of a cinnamate group is 280 nm. Note
that, strictly speaking, the lower portion of the absorption spectrum of a cinnamate group have slight overlaps with the
light wavelength, and therefore, if ultraviolet light irradiation is performed for a very long time without mixing a photopo-
lymerizable compound in the liquid crystal material, there is a possibility that the alignment regulating forces of the first
and second photo-alignment films 128 and 148 for the liquid crystal molecules may be lost. However, light irradiation is
performed after producing the liquid crystal panel 100. For example, in order for light entering at the active matrix substrate
120 side to reach the alignment film 128 (148), it must pass through the first transparent substrate 122, the pixel electrode
126 (and furthermore the first alignment film 128 and the liquid crystal layer 160), but the alignment of the liquid crystal
molecules 162 of the first and second photo-alignment films 128 and 148 are maintained presumably because of a low
light absorption efficiency of the cinnamate group.

[0095] The photopolymerizable compound may have at least one ring structure or condensed ring structure and at
least one polymerizable functional group chemically bonded to the ring system or condensed ring system. The chemically
bond is an ester bond or an amide bond, for example. For example, the polymerizable monomer is represented by the
general formula P1-A1-(Z1-A2)n-P2 (where P1 and P2 are, independently, acrylate, methacrylate, acrylamide, meth-
acrylamide, vinyl, vinyloxy, or an epoxy group; A1 and A2 represent, independently, 1,4-phenylene or naphthalene -2,6-
diyl group; Z1 is a -COO- or -OCO- group or a single bond; and n is 0, 1, or 2). In this case, it is preferable that P1 and
P2 are acrylate groups; Z1 is a single bond; and n is 0 or 1. Alternatively, it is preferable that P1 and P2 are methacrylate
groups; Z1 is a single bond; and n is 0 or 1. Alternatively, it is preferable that P1 and P2 are acrylamide groups; Z1 is a
single bond; and nis 0 or 1. Alternatively, P1 and P2 are methacrylamide groups; Z1 is a single bond; and n is 0 or 1.

[0096] Moreover, the liquid crystal display device 100 may be of the 4D-RTN (4 Domain-Reverse Twisted Nematic)
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mode. Hereinafter, a liquid crystal display device of the 4D-RTN mode will be described with reference to FIG. 5.
[0097] FIG. 5(a) shows pretilt directions PA1 and PA2 of liquid crystal molecules defined on the alignment film 128
of the active matrix substrate 120, and FIG. 5(b) shows pretilt directions PB1 and PB2 of liquid crystal molecules defined
on the alignment film 148 of the counter substrate 140. FIG. 5(c) shows alignment directions of liquid crystal molecules
in the centers of liquid crystal domains A to D under an applied voltage, and regions (domain lines) DL1 to DL4 appearing
dark due to alignment disorder. Note that the domain lines DL1 to DL4 are not so-called disclination lines.

[0098] FIG. 5(a) to FIG. 5(c) schematically show alignment directions of liquid crystal molecules as seen from the
viewer side, indicative that the end portions (essentially circular portions) of the cylindrical liquid crystal molecules are
tilted toward the viewer side.

[0099] AsshowninFIG. 5(a), the first alignment film 128 includes a first alignment region OR1 and a second alignment
region OR2. The liquid crystal molecules regulated by the first alignment region OR1 are tilted in the -y direction from
the normal direction of the principal face of the first alignment film 128, whereas the liquid crystal molecules regulated
by the second alignment region OR2 of the first alignment film 128 are tilted in the +y direction from the normal direction
of the principal face of the first alignment film 128. Moreover, the boundary between the first alignment region OR1 and
the second alignment region OR2 extends in the column direction (y direction), and located in the substantial center
along the row direction (x direction) of pixels. Thus, first and second alignment regions OR1 and OR2 of different pretilt
azimuths are provided on the first alignment film 128.

[0100] Moreover, as shown in FIG. 5(b), the second alignment film 148 includes a third alignment region OR3 and a
fourth alignment region OR4. The liquid crystal molecules regulated by the third alignment region OR3 are tilted in the
+x direction from the normal direction of the principal face of the second alignment film 148, such that the -x direction
end portions of these liquid crystal molecules are pointed toward the front face. The liquid crystal molecules regulated
by the fourth alignment region OR4 of the second alignment film 148 are tilted in the -x direction from the normal direction
of the principal face of the second alignment film 148, such that the +x direction end portions of these liquid crystal
molecules are pointed toward the front face. Thus, the second alignment film 148 includes third and fourth alignment
regions OR3 and OR4 with different pretilt azimuths.

[0101] Analignmenttreatmentdirection corresponds to an azimuth angle component obtained by projecting a direction,
which extends toward an alignment region along the major axes of the liquid crystal molecules, onto that alignment
region. The alignment treatment directions of the first, second, third, and fourth alignment regions are also referred to
as first, second, third, and fourth alignment treatment directions.

[0102] The first alignment region OR1 of the first alignment film 128 has been subjected to an alignment treatment
along a first alignment treatment direction PD1, whereas the second alignment region OR2 has been subjected to an
alignment treatment along a second alignment treatment direction PD2 which is different from the first alignment treatment
direction PD1. The first alignment treatment direction PD1 is essentially antiparallel to the second alignment treatment
direction PD2. Moreover, the third alignment region OR3 of the second alignment film 148 has been subjected to an
alignment treatment along a third alignment treatment direction PD3, whereas the fourth alignment region OR4 has been
subjected to an alignment treatment along a fourth alignment treatment direction PD4 which is different from the third
alignment treatment direction PD3. The third alignment treatment direction PD3 is essentially antiparallel to the fourth
alignment treatment direction PD4.

[0103] As showninFIG. 5(c), four liquid crystal domains A, B, C, and D are formed in the liquid crystal layer of a pixel.
In the liquid crystal layer 160, a portion interposed between the first alignment region OR1 of the first alignment film 128
and the third alignment region OR3 of the second alignment film 148 defines the liquid crystal domain A; a portion
interposed between the second alignment region OR2 of the first alignment film 128 and the fourth alignment region
OR4 of the second alignment film 148 defines a liquid crystal domain B; a portion interposed between the second
alignment region OR2 of the first alignment film 128 and the fourth alignment region OR4 of the second alignment film
148 defines a liquid crystal domain C; and a portion interposed between the first alignment region OR1 of the first
alignment film 128 and the third alignment region OR3 of the second alignment film 148 defines a liquid crystal domain
D. Note that the angle constituted by the first or second alignment treatment direction PD1 or PD2 and the third or fourth
alignment treatment direction PD3 or PD4 is essentially 90°, and the twist angle in each liquid crystal domain is essentially
90°.

[0104] Thealignmentdirection ofaliquid crystal molecule atthe center of aliquid crystal domain A to D is anintermediate
direction between the pretilt direction for liquid crystal molecules introduced by the first alignment film 128 and the pretilt
direction for liquid crystal molecules introduced by the second alignment film 148. In the present specification, the
alignment direction of a liquid crystal molecule in the center of a liquid crystal domain is referred to as a reference
alignment direction; and within the reference alignment direction, an azimuth angle component in a direction from the
rear face toward the front face and along the major axis of the liquid crystal molecule (i.e., an azimuth angle component
obtained by projecting the reference alignment direction onto the principal face of the first alignment film 128 or the
second alignment film 148) is referred to as a reference alignment azimuth. The reference alignment azimuth charac-
terizes its corresponding liquid crystal domain, and exerts a predominant influence on the viewing angle characteristics
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of that liquid crystal domain. Now, by relying on the horizontal direction (right-left direction) of the display screen (plane
of the figure) as a reference for the azimuth angle direction, and defining the left turn as positive (i.e., if the display
surface is compared to the face of a clock, counterclockwise is positive, the 3 o'clock direction being an azimuth angle
of 0°), the reference alignment directions of the four liquid crystal domains A to D are set to be four directions such that
the difference between any two directions is substantially equal to an integer multiple of 90°. Specifically, the reference
alignment azimuths of the liquid crystal domains A, B, C, and D are, respectively, 225°, 315°, 45°, and 135°.

[0105] As shown in FIG. 5(c), the domain lines DL1 to DL4 are respectively formed in the liquid crystal domains A,
B, C, and D. The domain line DL1 is formed in parallel to a portion of an edge EG1 of the pixel electrode 126, whereas
the domain line DL2 is formed in parallel to a portion of an edge EG2. Moreover, the domain line DL3 is formed in parallel
to a portion of an edge EG3 of the pixel electrode 126, whereas the domain line DL4 is formed in parallel to a portion
of an edge EG4. Moreover, a disclination line CL indicated by a broken line is observed in a border region where each
of the liquid crystal domains A to D adjoins another liquid crystal domain. The disclination lines CL are dark lines in the
aforementioned central portion. The disclination lines CL and the domain lines DL1 to DL4 are continuous, thus resulting
in dark lines of a reverse swastika shape. Although the dark lines herein are in a reverse swastika shape, the dark lines
may be in an 8 shape.

[0106] Although the above-described liquid crystal display device is of the 4D-RTN mode, the present invention is not
limited thereto. The liquid crystal display device may be of the CPA mode.

[0107] Although alignment films are provided on both of the active matrix substrate and the counter substrate in the
above description, the present invention is not limited thereto. An alignment film may be provided only on one of the
active matrix substrate and the counter substrate.

[Example 1]

[0108] FIG. 6 shows a schematic diagram of a portion of a cross section of the liquid crystal panel 110 of the liquid
crystal display device 100 of Example 1. The liquid crystal display device 100 of Example 1 is of the RTN mode.
[0109] First, a vacant panel in which to inject a liquid crystal material was produced. The pixel electrode 126 was
formed on the first transparent substrate 122, and the first alignment film 128 was formed on the pixel electrode 126.
Moreover, the counter electrode 146 was formed on the second transparent substrate 142, and the second alignment
film 148 was formed on the counter electrode 146. The first alignment film 128 and the second alignment film 148
contained a polymer including a polyimide type main chain and a side chain having a cinnamate group.

[0110] Next, obliquely from a 40° direction with respect to the normal direction of the principal face of each of the first
alignment film 128 and the second alignment film 148, P-polarized light with a peak wavelength of 330 nm was radiated
at 50 mJ/cm2, thus performing a photo-alignment treatment. Next, the active matrix substrate 120 and the counter
substrate 140 were disposed so that the first alignment film 128 and the second alignment film 148 opposed each other
and that the angle between the alignment treatment direction of the first alignment film 128 and the alignment treatment
direction of the second alignment film 148 was 90°, and fixed so that the interspace between the active matrix substrate
120 and the counter substrate 140 was about 4 pm.

[0111] Next, a liquid crystal material was provided. The liquid crystal material was a nematic liquid crystal material
having a negative dielectric anisotropy, with a birefringence An of 0.085 and a dielectric anisotropy Ae of -1.3. To this
liquid crystal material, biphenyl diacrylate was mixed as a photopolymerizable compound for forming a polymer, such
that the concentration of biphenyl diacrylate with respect to the liquid crystal material was 0.3wt%. Note that, since the
active matrix substrate 120 and the counter substrate 140 were disposed in this manner, the liquid crystal molecules
162 had a twist angle of 90°.

[0112] Next, this mixture was sealed in the vacant panel to form the liquid crystal layer 160, and the liquid crystal layer
160 was irradiated with ultraviolet light. Upon observing portions of the surfaces of the first and second alignment films
128 and 148, polymers 132 and 152 were confirmed.

[0113] FIG. 7(a) is a 50000 times enlarged plan view of the surface of the first alignment film 128, and FIG. 7(b) is a
100000 times enlarged plan view of the surface of the first alignment film 128. The white particulate masses shown in
FIGS. 7(a) and (b) are the polymer 132. The interspace between two adjoining pieces of polymer 132 was about 1 um
or less. Similarly, polymer 152 was confirmed in portions of the surface of the second alignment film 148.

[0114] Next, a polarizer (not shown) was attached to each of the active matrix substrate 120 and the counter substrate
140. The liquid crystal panel 110 thus produced had an initial pretilt angle of 89.1°, and its voltage holding ratio at an
ambient temperature of 70°C was 99.5% or more.

[0115] Next, the liquid crystal panel 110 having been produced was subjected to a power-on test where a voltage of
8 V was continuously applied for 50 hours at room temperature, but there was no change in the pretilt angle of the liquid
crystal molecules before or after the power-on test. Moreover, the voltage holding ratio after finishing the power-on test
was 99.5% or more, which confirmed that the voltage application had been conducted appropriately.

[0116] Presumably, the use of a diacrylate type monomer as the monomer allowed a polymer whose degree of
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polymerization was relatively small (about 10 or less) to be easily formed, so that the polymer became phase-separated
from the liquid crystal layer to arrive between side chains, thus suppressing changes in the tilt of the side chains. Also
presumably, since the main chain was a polyimide type and the main chain of the polymer was a polyvinyl type, the
polymer did not enter into the alignment films because of a low compatibility between the polyimide type and the polyvinyl
type.

[0117] Note that the photopolymerizable compound is not limited to the diacrylate type illustrated herein; similar effects
of suppressing changes in the pretilt angle were also obtained with a dimethacrylate type.

[Example 2]

[0118] In Example 2, a diacrylamide type monomer was used as the photopolymerizable compound.

[0119] First, a vacant panel was produced. The method of producing the vacant panel was similar to that of Example
1. The pixel electrode 126 was formed on the first transparent substrate 122, and the first alignment film 128 was formed
on the pixel electrode 126. Moreover, the counter electrode 146 was formed on the second transparent substrate 142,
and the second alignment film 148 was formed on the counter electrode 146. The first alignment film 128 and the second
alignment film 148 contained a polymer including a polyimide type main chain and a side chain having a cinnamate group.
[0120] Next, obliquely from a 40° direction with respect to the normal direction of the principal face of each of the first
alignment film 128 and the second alignment film 148, P-polarized light with a peak wavelength of 330 nm was radiated
at 50 mJ/cm2, thus performing a photo-alignment treatment. Next, the active matrix substrate 120 and the counter
substrate 140 were disposed so that the first alignment film 128 and the second alignment film 148 opposed each other
and that the angle between the alignment treatment direction of the first alignment film 128 and the alignment treatment
direction of the second alignment film 148 was 90°, and fixed so that the interspace between the active matrix substrate
120 and the counter substrate 140 was about 4 pm.

[0121] Next, a liquid crystal material was provided. The liquid crystal material was a nematic liquid crystal material
having a negative dielectric anisotropy, with a birefringence An of 0.085 and a dielectric anisotropy A € of-1.3. Furthermore,
to this liquid crystal material, biphenyl diacrylamide was mixed as the photopolymerizable compound 164 for forming a
polymer, such that the concentration of biphenyl diacrylamide with respect to the liquid crystal material was 0.3wt%.
[0122] Next, this mixture was sealed in the vacant panel, and the liquid crystal layer was irradiated with ultraviolet
light. As a result, as has been described above with reference to FIG. 7, polymers 132 and 152 were formed in portions
of the surfaces of the first and second alignment films 128 and 148.

[0123] Next, a polarizer (not shown) was attached to each of the active matrix substrate 120 and the counter substrate
140. The liquid crystal panel 110 thus produced had an initial pretilt angle of 89.3°, and its voltage holding ratio at an
ambient temperature of 70°C was 99.5% or more.

[0124] Next, the liquid crystal panel 110 having been produced was subjected to a power-on test where a voltage of
8V was continuously applied for 50 hours at room temperature, but there was no change in the pretilt angle. The voltage
holding ratio after finishing the power-on test was 99.5% or more, which confirmed that the voltage application had been
conducted appropriately.

[0125] Presumably, the use of a diacrylamide type monomer as the photopolymerizable compound allowed a polymer
whose degree of polymerization was relatively small (about 10 or less) to be easily formed, so that the polymer became
phase-separated from the liquid crystal layer to arrive between side chains of the polymer of the alignment films, thus
suppressing changes in the tilt of the side chains. Also presumably, since the main chain of the polymer of the alignment
films was a polyimide type and the main chain of the polymer was a polyvinyl type, the polymer did not enter into the
alignment films because of a low compatibility between the polyimide type and the polyvinyl type.

[0126] Note that the photopolymerizable compound is not limited to a diacrylamide type; similar effects of suppressing
changes in the pretilt angle were also obtained with a dimethacrylamide type.

(Comparative Example 1)

[0127] FIG. 8 shows a schematic diagram of a portion of a cross section a liquid crystal panel 510 of a liquid crystal
display device 500 of Comparative Example 1.

[0128] First, a vacant panel in which to inject a liquid crystal material was produced. A pixel electrode 526 was formed
on a first transparent substrate 522, and a first alignment film 528 was formed on the pixel electrode 526, thus preparing
an active matrix substrate 520.

[0129] Moreover, a counter electrode 546 was formed on a second transparent substrate 542, and a second alignment
film 548 was formed on the counter electrode 546, thus preparing a counter substrate 540. Note that the first and second
alignment films 528 and 548 contained a polymer including a polyimide type main chain and a side chain having a
cinnamate group.

[0130] Next, obliquely from a 40° direction with respect to the normal direction of the principal face of each of the first
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and second alignment films 528 and 548, P-polarized light with a peak wavelength of 330 nm was radiated at 50 mJ/cm?2,
thus performing a photo-alignment treatment.

[0131] Next, the active matrix substrate 520 and the counter substrate 540 were disposed so that the first alignment
film 528 and the second alignment film 548 opposed each other and that the angle between the alignment treatment
direction of the first alignment film 528 and the alignment treatment direction of the second alignment film 548 was 90°,
and fixed so that the interspace between the active matrix substrate 520 and the counter substrate 540 was about 4 pm.
[0132] Moreover, a liquid crystal material was provided. The liquid crystal material was a nematic liquid crystal material
having a negative dielectric anisotropy, with a birefringence An of 0.085 and a dielectric anisotropy A € of -1.3. Herein,
no monomer was mixed in the liquid crystal material. This liquid crystal material was placed in the vacant panel, and the
injection inlet was sealed. Herein, ultraviolet light irradiation was not performed. Portions of the surfaces of the first and
second alignment films 528 and 548 were observed, which did not reveal any polymer.

[0133] FIG. 9(a) is a 50000 times enlarged plan view of the surface of the first alignment film 528, and FIG. 9(b) is a
100000 times enlarged plan view of the surface of the first alignment film 528. As will be understood from a comparison
between FIG. 9(a), FIG. 9(b), and FIG. 7(a), FIG. 7(b), no polymer was confirmed on the surface of the first alignment
film 528. Similarly, no polymer was confirmed on the surface of the second alignment film 548.

[0134] Next, a polarizer (not shown) was attached to each of the active matrix substrate 520 and the counter substrate
540. The liquid crystal panel 510 thus produced had an initial pretilt angle of 89.2°, and its voltage holding ratio at an
ambient temperature of 70°C was 99.5% or more.

[0135] Next, the liquid crystal panel 510 having been produced was subjected to a power-on test where a voltage of
8 V was continuously applied for 50 hours at room temperature, as a result of which the pretilt angle was reduced by
about 0.15°. The voltage holding ratio after finishing the power-on test was 99.5% or more, which confirmed that the
voltage application had been conducted appropriately.

[0136] From this result, it is considered that, as the liquid crystal molecules became tilted in accordance with the
electric field, they acted on the side chains of the polymer of the alignment films, thus changing the tilt of the side chains
of the polymer of the alignment films. This is presumably because the side chains had such a high flexibility that they
were susceptible to the action of the liquid crystal molecules.

[0137] On the other hand, apart from the above, the liquid crystal layer was irradiated with ultraviolet light after injecting
a liquid crystal material having no monomer mixed therein, which resulted in a low initial voltage holding ratio of 95% or
less. This is presumably because the photo-alignment film deteriorated due to the ultraviolet light, resulting in generation
of impurities. Moreover, the initial pretilt angle increased to about 89.7°, and the alignment of the liquid crystal molecules
was maintained. Note that no power-on test as to the tilt angle was conducted here because the initial voltage holding
ratio was low. In comparison with the aforementioned Example 1, presumably, although impurities also occur from the
photo-alignment films 128 and 148 in Example 1 because ultraviolet light is radiated after injection of the liquid crystal
material, these impurities were stabilized to the alignment sustaining layers 130 and 150, thus realizing the high initial
voltage holding ratio.

(Comparative Example 2)

[0138] FIG. 10 shows a schematic diagram of a portion of a cross section of a liquid crystal panel 610 of a liquid crystal
display device 600 of Comparative Example 2.

[0139] First, a vacant panel in which to inject a liquid crystal material was produced. A pixel electrode 626 was formed
on a first transparent substrate 622, and a first alignment film 628 was formed on the pixel electrode 626. A counter
electrode 646 was formed on a second transparent substrate 642, and a second alignment film 648 was formed on the
counter electrode 646. The first and second alignment films 628 and 648 contained a polymer including a polyimide
type main chain and a side chain having a cinnamate group.

[0140] Next, obliquely from a 40° direction with respect to the normal direction of the principal face of each of the first
alignment film 628 and the second alignment film 648, P-polarized light with a peak wavelength of 330 nm was radiated
at 50 mJ/cm?2, thus performing a photo-alignment treatment.

[0141] Next, the active matrix substrate 620 and the counter substrate 640 were disposed so that the first alignment
film 628 and the second alignment film 648 opposed each other and that the angle between the alignment treatment
direction of the first alignment film 628 and the alignment treatment direction of the second alignment film 648 was 90°,
and fixed so that the interspace between the active matrix substrate 620 and the counter substrate 640 was about 4 pm.
[0142] Next, liquid crystal material was provided. The liquid crystal material was a nematic liquid crystal material having
a negative dielectric anisotropy, with a birefringence An of 0.085 and a dielectric anisotropy A € of -1.3. To the liquid
crystal material, biphenyl acrylate was mixed as a photopolymerizable compound for forming a polymer, such that the
concentration of biphenyl acrylate with respect to the liquid crystal material was 0.3wt%.

[0143] Next, this mixture was sealed in the vacant panel, and the liquid crystal layer 660 was irradiated with ultraviolet
light. In this case, no polymer was observed on the surfaces of the first and second alignment films 628 and 648, as
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shown in FIG. 9. This is presumably because of the use of an acrylate type monomer, and thus polymerization of the
monomer was not promoted.

[0144] Next, a polarizer (not shown) was attached to each of the active matrix substrate 620 and the counter substrate
640. The liquid crystal panel 610 thus produced had an initial pretilt angle of 89.1°, and its voltage holding ratio at an
ambient temperature of 70°C was 99.5% or more.

[0145] Next, the liquid crystal panel 610 having been produced was subjected to a power-on test where a voltage of
8 V was continuously applied for 50 hours at room temperature, as a result of which the pretilt angle was reduced by
about 0.10°. This indicates that the monomer 664 or a derivative thereof did not become phase-separated from the liquid
crystal layer 660, and did not interact with the side chains of the polymer of the alignment films 628 and 648, so that the
side chains of the polymer of the alignment films 628 and 648 were essentially unaffected by the polymer, so that the
tilt of the liquid crystal molecules 662 was affected in accordance with the electric field as in Comparative Example 1,
thus resulting in changes in the tilt of the side chains of the alignment films 628 and 648.

[0146] Note that no effects of suppressing a decrease in the pretilt angle were obtained in the case where the pho-
topolymerizable compound was a mono-substituted type either, e.g., a methacrylate type, an acrylamide type, or a
methacrylamide type, instead of the aforementioned acrylate type.

[0147] Moreover, the voltage holding ratio after finishing the power-on test decreased to about 99.0%. This indicates
that the monomer 664 or a derivative thereof did not become phase-separated from the liquid crystal layer 660, and that
the monomer 664 or a low molecular-weight polymer remained in the liquid crystal layer 660 and reacted with the barely
existing radicals to generate impurities, thus lowering the voltage holding ratio.

[0148] Similarly, in the case where a liquid crystal material having a monomer mixed therein was inject, and light
irradiation for polymerization was either omitted or performed only for a short time, thus allowing the unpolymerized
monomer to remain, the initial voltage holding ratio exhibited a high value, but the voltage holding ratio lowered with
lapse of time. For example, there was a case where, after lapse of 5 days, the voltage holding ratio lowered by 1% or
more. It is presumable that, if such unpolymerized monomer existed, it reacted with the radicals existing in a very small
amount to generate impurities, whereby the voltage holding ratio lowered.

[0149] Forreference sake, the entire disclosure of Japanese Patent Application No. 2007-322274, on which the present
application claims priority, is hereby incorporated by reference.

INDUSTRIAL APPLICABILITY

[0150] A liquid crystal display device according to the present invention can be produced with a good production yield
because no rubbing treatment needs to be performed for aligning the liquid crystal molecules so as to be tilted from the
normal direction of a principal face of an alignment film in the absence of an applied voltage. Moreover, it can be easily
produced without employing a complex fabrication apparatus. Moreover, AC image sticking can be suppressed. Fur-
thermore, a high luminance can be realized because no alignment regulating structures need to be provided.

REFERENCE SIGNS LIST

[0151]

100 liquid crystal display device
110 liquid crystal panel

120 active matrix substrate

122 first transparent substrate

126 pixel electrode

128 first alignment film

130 first alignment sustaining layer
132  polymer

140  counter substrate

146  counter electrode

148 second alignment film

150 second alignment sustaining layer
152  polymer

160 liquid crystal layer

162  liquid crystal molecules
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Claims

10.

11.

12.

A liquid crystal display device comprising an active matrix substrate, a counter substrate, and a vertical-alignment
type liquid crystal layer provided between the active matrix substrate and the counter substrate, wherein

at least one of the active matrix substrate and the counter substrate includes a photo-alignment film, the liquid crystal
display device further comprising:

an alignment sustaining layer provided between the photo-alignment film and the liquid crystal layer, the align-
ment sustaining layer containing a polymer resulting from polymerization of a photopolymerizable compound.

The liquid crystal display device of claim 1, wherein the photo-alignment film contains a polymer including a main
chain and a side chain, the side chain having a cinnamate group.

The liquid crystal display device of claim 1 or 2, wherein,

the liquid crystal display device has a plurality of pixels; and

in each of the plurality of pixels, the liquid crystal layer has a plurality of liquid crystal domains with respectively
different reference alignment azimuths.

The liquid crystal display device of claim 3, wherein each of the active matrix substrate and the counter substrate
includes the photo-alignment film, the plurality of liquid crystal domains being four liquid crystal domains.

The liquid crystal display device of any of claims 1 to 4, wherein a pretilt angle of liquid crystal molecules in the liquid
crystal layer is in a range from 85° to 89.7°.

The liquid crystal display device of any of claims 1 to 5, wherein the photopolymerizable compound has at least one
ring structure or condensed ring structure and at least one polymerizable functional group chemically bonded to the
ring system or condensed ring system.

The liquid crystal display device of any of claims 1 to 6, wherein,

the photopolymerizable compound is a polymerizable monomer; and

the polymerizable monomer is represented by the general formula P1-A1-(Z1-A2)n-P2 (where P1 and P2 are,
independently, acrylate, methacrylate, acrylamide, methacrylamide, vinyl, vinyloxy, or an epoxy group; A1 and A2
represent, independently, 1,4-phenylene or naphthalene -2,6-diyl group; Z1 is a -COO- or -OCO- group or a single
bond; and nis 0, 1, or 2).

The liquid crystal display device of claim 7, wherein P1 and P2 are acrylate groups; Z1 is a single bond; and nis O or 1.

The liquid crystal display device of claim 7, wherein P1 and P2 are methacrylate groups; Z1 is a single bond; and
nisOor1.

The liquid crystal display device of claim 7, wherein P1 and P2 are acrylamide groups; Z1 is a single bond; and n
is0or 1.

The liquid crystal display device of claim 7, wherein P1 and P2 are methacrylamide groups; Z1 is a single bond;
andnisOor1.

A production method for a liquid crystal display device, comprising:

a step of providing an active matrix substrate and a counter substrate, where light is radiated to form a photo-
alignment film over at least one of the active matrix substrate and the counter substrate;

a step of forming a liquid crystal layer between the active matrix substrate and the counter substrate by providing
a liquid crystal material between the active matrix substrate and the counter substrate, the liquid crystal material
having a photopolymerizable compound mixed therein, and the photo-alignment film regulating liquid crystal
molecules in the liquid crystal layer so that the liquid crystal molecules are aligned with a tilt from a normal
direction of a principal face of the photo-alignment film in the absence of an applied voltage; and

a step of forming an alignment sustaining layer between the photo-alignment film and the liquid crystal layer by
polymerizing the photopolymerizable compound through light irradiation.
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The production method for a liquid crystal display device of claim 12, wherein, in the step of forming the photo-
alignment film, the photo-alignment film contains a polymer including a main chain and a side chain, the side chain
having a cinnamate group.

The production method for a liquid crystal display device of claim 12 or 13, wherein, in the step of forming the
alignment sustaining layer, the light irradiation is
performed without applying a voltage across the liquid crystal layer.

The production method for a liquid crystal display device of any of claims 12 to 14, wherein, in the step of forming
the photo-alignment film, the light has a wavelength in a range from 250 nm to 400 nm.

The production method for a liquid crystal display device of any of claims 12 to 15, wherein, in the step of forming
the photo-alignment film, light is radiated from a direction which is inclined with respect to a normal direction of a
principal face of at least one of the active matrix substrate and the counter substrate by no less than 5° and no more
than 85°.

The production method for a liquid crystal display device of any of claims 12 to 16, wherein, in the step of forming
the photo-alignment film, the light is unpolarized light.

The production method for a liquid crystal display device of any of claims 12 to 16, wherein, in the step of forming
the photo-alignment film, the light is linearly polarized light, elliptically polarized light, or circularly polarized light.

20



EP 2 306 238 A1

FIG. 1
100
(a) ;
110 112 114
/ Ve -
110
(b) J
142 —_—
146 — "> 140

148 ~~

«—L500000000000000000000000

L~ 150 (152)

000000000000000000000000 | ~

122




EP 2 306 238 A1

(b) 7
/(///// Y
(S F

428d/ \ 4233§ .
'é 428p

22



EP 2 306 238 A1

FIG.3

R

128b
132 128d 128

‘> 128p

128

@uf’f EZ

128d

(©)

o,
iy [f;

128b
/

128d R 1283




FIG.4

(a)

EP 2 306 238 A1

128 S~ T

126 ~—1

122 ~—~

(b)

148 .

146 ~—

142 1~

(c)

142 —_—

146 ~———K

148 —_—<

=L 000000000 U000 O
T000000B00000000000 G000

128 —_—

120 ~—"~

122

(d)

142 S~

146 ~—

148~—1~

~—"~ 150 (152)

ee—{)(0000000000000000000000

000000000000000000000000

"> 160

"~ 130 (132)

128 —_—

126 ~——~

T 10

122 ~—




EP 2 306 238 A1

FIG.5
(a) (b) (c)
110
PD2 EG4
PA @ /128 /PB1 ” DH\ CL\ 5 o /126
(] < ) 1eps (f\'
T OO0 ) I
O Jol L 1— OR3 __A_' L) | EGs
(] O EG1 4
CTOC—O ] X f
He J, | Pod ( 4 Or4
5 ﬁ 7 Pl s bL3
or1 P! OR2 iy EG2
> +X
FIG.6
100 (110)
, 150(152)
| 142
— _ 146}140
148
Y 4
N
rrrrrr_
ol ¥ Yl ver |,
\" 126} 120
122

130 (132)

25



EP 2 306 238 A1

>, :‘:J
e ; w2 2 =E
3"?*“1 WD € > Acc! pot Magn Exp
Y . 100000« TLD 498 0O
PR ' T3R0S

i

pEX

500 (510)

528
1+ 526~ 520

T— 522

26



EP 2 306 238 A1

o
b., do
e’ Q wob
W4_»
=a
,muw
&
nnmv..
g8}k
.nn..L.
2] 3_
1
M.
O
N
w
~~
<
N~

:

H
B

RS Rt 15
Sy e M
Le 2% 5

X

e

FIG.9

600 (610)

FIG.10

664

640

+—642
646

662

27



EP 2 306 238 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2009/002934

A. CLASSIFICATION OF SUBJECT MATTER
G02F1/1337(2006.01)1, CO08F20/00(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
G02F1/1337, CO08F20/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Jitsuyo Shinan Koho 1922-1996
Kokai Jitsuyo Shinan Koho 1971-2009

Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2009
1994-2009

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2008-76950 A (Sharp Corp.), 1-5,12-18
Y 03 April, 2008 (03.04.08), 6-9
A Claims 1, 2, 7; Par. Nos. [0012], [0016] to 10,11

[0020], [0028] to [0033], [0038]; Fig. 1
(Family: none)
X JP 2000-122066 A (Hitachi, Ltd.), 1,2,5,6
A 28 April, 2000 (28.04.00), 10,11
Par. Nos. [0011] to [0015], [0036]; Figs. 1,
4, 5
(Family: none)
Y JP 2006-215184 A (JSR Corp.), 6-9
17 August, 2006 (17.08.06),
Claims 1 to 4
(Family: none)

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

Special categories of cited documents:

document defining the general state of the art which is not considered to
be of particular relevance

“E”  earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the

priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

14 September, 2009 (14.09.09)

Date of mailing of the international search report

29 September, 2009 (29.09.09)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (April 2007)

28




EP 2 306 238 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2009/002934
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 2003-520878 A (Rolic AG.), 1-18

08 July, 2003 (08.07.03),
Par. Nos. [0080], [0094], [0095], [0103] to

[0105]

& US 2003/0039768 Al & EP 1261659 A
& WO 2001/053384 Al & DE 60106213 T
& AU 2497301 A & AT 278731 T
& CN 1395593 A

Form PCT/ISA/210 (continuation of second sheet) (April 2007)

29



EP 2 306 238 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.
Patent documents cited in the description
* JP 11352486 A [0011] « JP 2003149647 A [0011]

» JP 3520376 B [0011] * JP 2007322274 A [0149]
* JP 2002357830 A [0011]

30



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

RBA

H AT SOk
S\EREERE

BEX)

BRETREEREBESE
EP2306238A1
EP2009769917

EEKRA A&
EEKRA

Bk att

MIZUSAKI MASANOBU
NAKAMURA KIMIAKI
NAKANISHI YOHEI
YAMADA YUICHIRO

MIZUSAKI, MASANOBU
NAKAMURA, KIMIAKI
NAKANISHI, YOHEI
YAMADA, YUICHIRO

GO02F1/1337 C08F20/00

patsnap

2011-04-06

2009-06-26

C08F20/00 GO2F1/133719 G02F1/133788 G02F2001/133742 G02F2001/133746 G02F2001/133757

2008169036 2008-06-27 JP
EP2306238A4

Espacenet

BREAXANBEREREE (100 ) SEEFREKFER (120) , HEE
(140 ) MZBEEFEMENR (120 ) ZANEEROEEEE
(160) o MITEEMR (140) . BIREREEMR (120 ) XN EER
(140 ) FED>—NSEXEEME (128,148 ) » RBETEE

(100 ) R BIFRBEXEEAE (128,148 ) FREZ (160 ) ZEHIER
B4R (130,150 ) o BEZIEZE (130,150 ) EEHTXRELEY
REBIMREY (132,152) ,

FIG. 1
100

() Sz

110 12 114

110
by

142 —__—

146 ~~
148~

T 40

T~ 150 (152)

2—1~000000000000000000000000
000000000000000000000000

126 ~~ —K_
122~ B

" 180

~— - 430 (132)

T o



https://share-analytics.zhihuiya.com/view/56fa2dc9-b166-469a-899c-635e2fb2e4f3
https://worldwide.espacenet.com/patent/search/family/041444279/publication/EP2306238A1?q=EP2306238A1

