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ORIENTATION FILM, LIQUID CRYSTAL
DISPLAY HAVING ORIENTATION FILM, AND
METHOD FOR FORMING ORIENTATION
FILM

TECHNICAL FIELD

[0001] The present invention relates to an alignment film
and a liquid crystal display device having the alignment film,
as well as a method of forming an alignment film.

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 crys-
tal display devices with wide viewing angles have been pro-
duced, 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] A liquid crystal display device includes an align-
ment film which defines an alignment direction of liquid
crystal molecules in its neighborhood. In a VA-mode liquid
crystal display device, an alignment film causes liquid crystal
molecules to be aligned substantially perpendicularly to its
principal face. Generic alignment films are made of polyim-
ide, which has advantages in terms of thermal resistance,
solvent resistance, hygroscopicity, and so on.

[0004] As one kind of VA mode, the MVA (Multi-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 atleast 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 (aper-
tures) or ribs (protruding structures) that are provided on
electrodes, for example. The alignment regulating structures
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.

[0005] As another kind of VA mode, the CPA (Continuous
Pinwheel Alignment) mode is also known. 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 cen-
ters 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 mol-
ecules 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.

[0006] Unlike in TN-mode liquid crystal display devices in
which the pretilt direction of liquid crystal molecules is
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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. Simi-
larly, also in the CPA mode, the response speeds of the liquid
crystal molecules will differ within the pixel, and the differ-
ences 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.

[0007] 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 Documents 1 and 2).

[0008] In the liquid crystal display device disclosed in
Patent Document 1, the alignment film is subjected to an
alignment treatment such as rubbing. The alignment film
aligns the liquid crystal molecules so that the liquid crystal
molecules will be aligned with a tilt from the normal direction
of'its principal face even in the absence of an applied voltage,
whereby an improved response speed is realized. Further-
more, 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 align-
ment film and two alignment regions of a second alignment
film, whereby a wide viewing angle is realized.

[0009] An alignment film disclosed in Patent Document 2
is made of a photosensitive material having a photoreactive
functional group, and by obliquely radiating light onto this
alignment film, a pretilt is conferred so that the liquid crystal
molecules will be inclined from the normal direction of a
principal face of the alignment film in the absence of an
applied voltage. An alignment film to which a pretilt is con-
ferred through such a photo-alignment treatment may also be
referred to as a photo-alignment film. In the photo-alignment
film disclosed in Patent Document 2, fluctuations in the pretilt
angle are controlled to 1° or less, by using an alignment, film
material which includes a bonded structure of photoreactive
functional groups.

[0010] An alignment film which is made of one polymer
may not attain adequate characteristics. Therefore, use of two
different polymers to form an alignment film is under study
(see Patent Document 3 and Non-Patent Document 1).
[0011] An alignment film disclosed in Patent Document 3
includes a main layer which is made of a first polymer having
a large molecular weight and/or polarity, and a surface layer
which is made of a second polymer having a small molecular
weight and/or polarity. As the first polymer, a material includ-
ing an aromatic (e.g., SE7690 manufactured by NISSAN
CHEMICAL INDUSTRIES, L'TD.), which hardly gives rise
to any internal DC bias voltage, is used. On the other hand, the
second polymer, which is a material that undergoes a large
change in the pretilt angle in response to ultraviolet irradia-
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tion, is a cyclobutane-type polymer material. In Patent Docu-
ment 3, SE7210 manufactured by NISSAN CHEMICAL
INDUSTRIES, LTD. is used as the second polymer.

[0012] Non-Patent Document 1 discloses an alignment film
including a lower layer whose main component is polyamic
acid and an upper layer whose main component is polyimide.
InNon-Patent Document 1, isolation into the two layers of the
upper layer and the lower layer is achieved by appropriately
setting a pre-bake temperature and time.
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LCD”, Proceedings of 2007 Japanese Liquid Crystal Soci-
ety Annual meeting, September 2007, PAO3, p 138

SUMMARY OF INVENTION
Technical Problem

[0017] Generally speaking, when a liquid crystal display
device keeps displaying the same pattern for a long time, the
previous pattern may remain even after the displayed image is
changed. Such a phenomenon is also called image sticking.
For example, after displaying white in a partial region of the
screen and black in another region for a long time, ifthe entire
liquid crystal panel is caused to display the same intermediate
gray scale level, the region previously displaying white may
appear slightly brighter than the region previously displaying
black.

[0018] One cause of such image sticking is charge accumu-
lation. The amount of charge accumulated in the region which
was displaying black is different from the amount of charge
accumulated in the region which was displaying white, and an
electric field occurs because impurity ions in the liquid crystal
accumulate at the interface between the alignment film and
the liquid crystal layer. Therefore, when entirely switched to
the same gray scale level, different voltages are applied across
the layers of liquid crystal in the respective regions which
were displaying white and black, thus being perceived as
image sticking.

[0019] Note that image sticking caused by such charge
accumulation can be somewhat suppressed by applying volt-
ages of inverted polarities to the respective pixels. Therefore,
an image sticking caused by charge accumulation is also
called DC image sticking. The driving which involves apply-
ing voltages of inverted polarities for the sake of suppressing
DC image sticking is also called polarity inversion driving. In
actuality, even with polarity inversion driving, it is difficult to
apply voltages of completely symmetric polarities and thus a
resultant image sticking may be perceived as flickering.
[0020] Moreover, image sticking will also occur when
minute changes in the pretilt angle occur. When the pretilt
angle changes, the V-T characteristics are affected, and thus
the transmittance will vary even if the same voltage is applied.
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Since the applied voltage when displaying white is different
from the applied voltage when displaying black, the amount
of change in the tilt angle will vary depending on the applied
voltage. When later entirely switched to the same gray scale
level, image sticking may be perceived due to changes in the
tilt angle. Such image sticking cannot be suppressed even by
performing polarity inversion driving, and is also called AC
image sticking.

[0021] The present invention has been made in view of the
above problems, and an objective thereof is to provide an
alignment film which suppresses image sticking caused by
changes in the pretilt angle and a liquid crystal display device
having the alignment film, as well as a method of forming an
alignment film.

Solution to Problem

[0022] An alignment film according to the present inven-
tion is an alignment film comprising: a first alignment layer
containing a first polyimide; and a second alignment layer
containing a second polyimide different from the first poly-
imide and a polymerization product resulting from polymer-
ization of a polyfunctional monomer, wherein the polyfunc-
tional monomer is represented by general formula (1) P1-Al-
(Z1-A2)n-P2 (in general formula (1), P1 and P2 each
independently of the other are an acrylate, methacrylate,
acrylamide, methacrylamide, vinyl, vinyloxy, or epoxy
group; Al and A2 each independently of the other represent a
1,4-phenylene, 1,4-cyclohexane, 2,5-thiophene, or naphtha-
lene-2,6-diyl group; Z1 is a —COO— group, a —OCO—
group, a—O— group, a—CONH— group or a single bond,
where nis 0, 1, or 2).

[0023] In one embodiment, the polyfunctional monomer
contains at least one monomer from among a dimethacrylate
monomer, a diacrylate monomer, a dimethacrylamide mono-
mer, and a diacrylamide monomer.

[0024] Inoneembodiment,inthe polyfunctional monomer,
P1 and P2 are acrylate groups; Z1 is a single bond; and n is 0
orl.

[0025] Inoneembodiment,inthe polyfunctional monomer,
P1 and P2 are methacrylate groups; Z1 is a single bond; and
nisOor 1.

[0026] Inoneembodiment,inthe polyfunctional monomer,
P1 and P2 are acrylamide groups; Z1 is a single bond; and n
isOor 1.

[0027] Inoneembodiment,inthe polyfunctional monomer,
P1 and P2 are methacrylamide groups; Z1 is a single bond;
andnisOor 1.

[0028] In one embodiment, a side chain of a precursor of
the first polyimide does not have any vertical alignment
groups.

[0029] In one embodiment, the first polyimide is repre-
sented by general formula (2x).

[Formula 1]
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[0030] In one embodiment, a side chain of a precursor of
the first polyimide has a vertical alignment group.

[0031] In one embodiment, the first polyimide is repre-
sented by general formula (2y),
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[0032] whereR is a saturated alkyl group or an unsaturated ©©©

alkyl group having 3 to 18 carbons.
[0033] In one embodiment, the second polyimide is repre-
sented by general formula (3).

[Formula 3]
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-continued
[0034] Inoneembodiment, the second polyimide has a side

chain represented by general formula (4),

[Formula 4]

POLYIMIDE (OR POLYAMIC ACID) CHAINl- ---8*—D

E

[0035] where A represents pyrimidine-2,5-diyl, pyridine-2,
5-diyl, 2,5-thiophenylene, 2,5-furanylene, 1,4- or 2,6-naph-
thylene, or phenylene, optionally substituted by a group
selected from fluorine, chlorine, and cyano, or by a C, ;5
cyclic, linear, 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);

[0036] is alinear or branched alkyl residue which is unsub-
stituted, mono-substituted by cyano or halogen, or poly-sub-
stituted by halogen, having 3 to 18 carbon atoms (where one
or more non-adjacent CH, groups may independently be
replaced by a group Q);

[0037] C'and C?each independently of the other represent
an aromatic or alicyclic group (which is unsubstituted or
substituted by fluorine, chlorine, cyano, or by a cyclic, linear,
or branched alkyl residue (which is unsubstituted, mono-
substituted by cyano or halogen, or poly-substituted by halo-
gen, having 1 to 18 carbon atoms and where one or more
non-adjacent CH, groups may independently be replaced by
a group Q));

[0038] D representsan oxygenatom or —NR'— (whereR*
represents a hydrogen atom or lower alkyl);

[0039] S'and S? each independently of the other represent
a single covalent bond or a spacer unit;

[0040] S? represents a spacer unit;

[0041] Q represents a group selected from —O—,
—CO—, —CO—0—, —0—CO—, —Si(CH;),—0—Si
(CH;)—, —NR'— —NR'~CO—, —CO—NR'—,
—NR'—CO—0—, —O—CO—NR'—, —NR'—CO—

NR!—, —CH—=CH—, —C=C—, and —O—CO—0O—
(where R! represents a hydrogen atom or lower alkyl); and

[0042] E and E each independently of the other represent
hydrogen, fluorine, chlorine, cyano, alkyl optionally substi-
tuted by fluorine having carbon atoms 1 to 12 (where option-
ally one or more non-adjacent CH, groups are replaced by
—0—, —CO—0—, —O0—CO— and/or —CH=—CH—).

\
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[0043] In one embodiment, the second polyimide has a
fluorine group.
[0044] In one embodiment, the second polyimide has a

photoreactive functional group.

[0045] In one embodiment, the photoreactive functional
group is one selected from among a cinnamate group, a chal-
cone group, a tolan group, a coumarin group, and an azoben-
zene group.

[0046] Inoneembodiment, aside chain of the second poly-
imide has a vertical alignment group.

[0047] A liquid crystal display device according to the
present invention is a liquid crystal display device compris-
ing: an active matrix substrate having a pixel electrode; a
counter substrate having a counter electrode; and a vertical-
alignment type liquid crystal layer provided between the

@

S!—Cl4—t8*—C*1—B

active matrix substrate and the counter substrate, wherein, at
least one of the active matrix substrate and the counter sub-
strate further includes an alignment film provided on the
liquid crystal layer side; the alignment film includes a first
alignment layer containing a first polyimide, and a second
alignment layer containing a second polyimide different from
the first polyimide and a polymerization product resulting
from polymerization of a polyfunctional monomer; and the
polyfunctional monomer is represented by general formula
(1) P1-A1-(Z1-A2)n-P2 (in general formula (1), P1 and P2
each independently of the other are an acrylate, methacrylate,
acrylamide, methacrylamide, vinyl, vinyloxy, or epoxy
group; Al and A2 each independently of the other represent a
1,4-phenylene, 1,4-cyclohexane, 2,5-thiophene, or naphtha-
lene-2,6-diyl group; Z1 is a —COO— group, a —OCO—
group, a—O— group, a—CONH— group or a single bond,
where nis 0, 1, or 2).

[0048] In one embodiment, the alignment film regulates
liquid crystal molecules in the liquid crystal layer so that the
liquid crystal molecules are inclined with respect to a normal
direction of a principal face of the alignment film in the
absence of an applied voltage.

[0049] Inoneembodiment, theliquid 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 having respectively different reference alignment
azimuths.

[0050] In one embodiment, the plurality of liquid crystal
domains are four liquid crystal domains.

[0051] A method of forming an alignment film according to
the present invention comprises the steps of: forming a first
alignment layer containing a first polyimide; and forming a
second alignment layer containing a second polyimide dif-
ferent from the first polyimide and a polymerization product
resulting from polymerization of a polyfunctional monomer.
[0052] In one embodiment, the step of forming the first
alignment layer comprises: a step of providing a first align-
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ment layer material containing a precursor of the first poly-
imide; a step of applying the first alignment layer material;
and a step of imidizing the precursor of the first polyimide to
form the first polyimide.

[0053] In one embodiment, the step of forming the first
polyimide comprises, after applying the first alignment layer
material, a step of conducting a pre-bake and thereafter con-
ducting a post-bake at a higher temperature than in the pre-
bake.

[0054] In one embodiment, the step of forming the second
alignment layer comprises: a step of providing a second align-
ment layer material containing a precursor of the second
polyimide and a polyfunctional monomer; a step of applying
the second alignment layer material on the first alignment
layer; and a step of forming the second polyimide resulting
from imidization of the precursor of the second polyimide
and forming the polymerization product resulting from poly-
merization of the polyfunctional monomer.

[0055] In one embodiment, in the step of providing the
second alignment layer material, the polyfunctional mono-
mer is represented by general formula (1) P1-A1-(Z1-A2)n-
P2 (in general formula (1), P1 and P2 each independently of
the other are an acrylate, methacrylate, acrylamide, meth-
acrylamide, vinyl, vinyloxy, or epoxy group; Al and A2 each
independently of the other represent a 1,4-phenylene, 1,4-
cyclohexane, 2,5-thiophene, or naphthalene-2,6-diyl group;
71 is a—COO— group, a —OCO— group, a—O— group,
a —CONH— group or a single bond, where n is 0, 1, or 2).

[0056] In one embodiment, in the step of providing the
second alignment layer material, a concentration of the poly-
functional monomer on the basis of the second alignment
layer material is no less than 2 wt % and no more than 20 wt
%.

Advantageous Effects of Invention

[0057] According to the present invention, image sticking
caused by changes in the pretilt angle can be suppressed.

BRIEF DESCRIPTION OF DRAWINGS

[0058] FIG. 1 A schematic cross-sectional view of an
embodiment of an alignment film according to the present
invention.

[0059] FIG. 2 (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.

[0060] FIG. 3 (a) to (c) are schematic diagrams each illus-
trating a production method of the liquid crystal display
device of the present embodiment.

[0061] FIG. 4 (d) to (f) are schematic diagrams each illus-
trating a production method of the liquid crystal display
device of the present embodiment.

[0062] FIG. 5 (a) is a schematic diagram of an alignment
film ofthe liquid crystal display device of the present embodi-
ment; (b) is a schematic diagram of'the alignment film; and (¢)
is a schematic diagram showing alignment directions of lig-
uid crystal molecules in the centers of liquid crystal domains.
[0063] FIG. 6 (a)is a schematic diagram showing an align-
ment state of liquid crystal molecules in a liquid crystal dis-
play device of Example 1-1; and (4) is a schematic diagram
showing alignment treatment directions for the first and sec-
ond alignment films as viewed from the viewer’s side.
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[0064] FIG.7 (a)to (d) are schematic diagrams illustrating
a method of forming an alignment film in a liquid crystal
display device according to Comparative Example.

[0065] FIG. 8 A schematic diagram showing alignment
treatment directions for the first and second alignment films
as viewed from the viewer’s side, in a liquid crystal display
device of Example 4.

[0066] FIG. 9 A schematic diagram showing alignment
treatment directions for the first and second alignment films
as viewed from the viewer’s side, in a liquid crystal display
device of Example 5.

DESCRIPTION OF EMBODIMENTS

[0067] Hereinafter, with reference to the drawings, an
embodiment of an alignment film according to the present
invention and a liquid crystal display device having the align-
ment film will be described.

[0068] FIG. 1 shows a schematic diagram of an alignment
film 100 of the present embodiment. The alignment film 100
includes first alignment layer 102 containing a first polyimide
pl and a second alignment layer 104 containing a second
polyimide p2 and a polymerization product po. The second
alignment layer 104 is located on an upper side of the first
alignment layer 102. In the alignment film 100, the main
chains of the first and second polyimides p1 and p2 align in
essentially one direction.

[0069] The first polyimide p1 is one that has small fluctua-
tions in its electrical characteristics after voltage application,
and the first alignment layer 102 effectively functions to
reduce residual DC voltage. The first polyimide p1 may be a
polyimide that serves as a component of a so-called horizon-
tal alignment film, or a polyimide that serves as a component
of a so-called vertical alignment film.

[0070] The second polyimide p2 is one that leads to greatly
varying pretilt angles of liquid crystal molecules depending
on the alignment treatment, and the second alignment layer
104 effectively functions for the alignment control of liquid
crystal molecules. The second polyimide p2 may be a poly-
imide having a vertical alignment group as a side chain.
Alternatively, the second polyimide p2 may have a photore-
active functional group in its side chain or main chain. The
photoreactive functional group is a cinnamate group, a chal-
cone group, a tolan group, a coumarin group, or an azoben-
zene group, for example.

[0071] From the standpoint of reducing residual DC volt-
age, it is preferable that the first alignment layer 102 is as thick
as possible. It is preferable that the thickness of the first
alignment layer 102 is 50 nm or more, for example. However,
if the first alignment layer 102 is too thick, the time required
for baking becomes too long. Therefore, it is preferable that
the thickness of'the first alignment layer 102 is 120 nm or less.
From the standpoint of alignment control of liquid crystal
molecules, it is preferable that the second alignment layer 102
is as thin as possible. The thickness of the second alignment
layer 102 is no less than 10 nm and no more than 30 nm, for
example.

[0072] Forexample, the first and second polyimides p1 and
p2 are formed through imidization (polymerization) of dif-
ferent precursors. Note that, from the standpoint of reducing
residual DC voltage, it is preferable that the fraction of imide
units of the first polyimide p1 is lower than that of the second
polyimide p2. For example, the fraction of imide units of the
second polyimide p2 is 50% or more and the fraction of imide
units of the first polyimide p1 is 50% or less.
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[0073] The alignment film 100 of the present embodiment
includes a second alignment layer 104 containing the poly-
merization product po, such that the polymerization product
po exists also on the surface of the alignment film 100. The
polymerization product po is formed through polymerization
of a polyfunctional monomer. The polymerization is per-
formed by applying heat or light to the polyfunctional mono-
mer.

[0074] The alignment film 100 is formed in the following
manner. First, an alignment film material is provided. In the
alignment film material of the present embodiment, the mate-
rial for forming the first alignment layer 102 is different from
the material for forming the second alignment layer 104. In
the following description, the material for forming the first
alignment layer 102 will be referred to as a first alignment
layer material, whereas a material for forming the second
alignment layer 104 will be referred to as a second alignment
layer material. The first alignment layer material is obtained
by allowing a precursor of the first polyimide p1 to be dis-
solved in a solvent. The second alignment layer material is
obtained by allowing a precursor of the second polyimide p2
to be dissolved in a solvent, and further mixing a polyfunc-
tional monomer thereto. The concentration of the polyfunc-
tional monomer on the basis of the second alignment layer
material is no less than 2 wt % and no more than 20 wt %.
[0075] The first alignment layer material is applied. Appli-
cation of the first alignment layer material is performed by a
printing technique, an ink jet technique, or a spin coating
technique. Next, the solvent is removed from the alignment
layer material. For example, the solvent is removed through a
heat treatment. The heat treatment also allows the precursor
of'the first polyimide p1 to be imidize into the first polyimide
p1, thereby forming the first alignment layer 102.

[0076] After thus forming the first alignment layer 102, a
second alignment layer material is applied on the first align-
ment layer 102. Application of the second alignment layer
material is performed by a printing technique, an ink jet
technique, or a spin coating technique. Next, the solvent is
removed from the alignment layer material. For example, the
solvent is removed through a heat treatment. The heat treat-
ment also forms the second alignment layer 104, containing
the second polyimide p2 into which the precursor of the
second polyimide p2 has imidized and the polymerization
product po into which the polyfunctional monomer has poly-
merized. The polymerization product po exists also on the
surface of the alignment film 100, whereby changes in the
pretilt angle of the liquid crystal molecules are suppressed.
[0077] The polymerization product po which is formed
through polymerization of the polyfunctional monomer has a
three-dimensional network structure. Moreover, this poly-
functional monomer may have two or more directly-bonded
ring structures or one or more condensed ring structures
between a plurality of functional groups, in which case the
degree of freedom with respect to deformation is low, such
that the polymerization product po is unlikely to deform
under stress. By containing the polymerization product po as
such, the alignment film 100 is structurally stabilized,
whereby fluctuations of the alignment characteristics are sup-
pressed. For example, the polyfunctional monomer contains
atleast one monomer from among dimethacrylate, diacrylate,
diacrylamide, and dimethacrylamide having a plurality of
vinyl groups.

[0078] Hereinafter, with reference to FIG. 2, aliquid crystal
display device 200 having alignment films 110 and 120

Sep. 29, 2011

according to the present embodiment will be described. FIG.
2(a) shows a schematic diagram of the liquid crystal display
device 200. The liquid crystal display device 200 includes a
liquid crystal panel 300, a driving circuit 350 for driving the
liquid crystal panel 300, and a control circuit 360 for control-
ling the driving circuit 350. Although not shown, the liquid
crystal display device 200 may include a backlight as neces-
sary.

[0079] As shown in FIG. 2(b), the liquid crystal panel 300
includes an active matrix substrate 220 having the first align-
ment film 110, a counter substrate 240 having the second
alignment film 120, and a liquid crystal layer 260 provided
between the active matrix substrate 220 and the counter sub-
strate 240. The active matrix substrate 220 further includes a
first insulative substrate 222 and pixel electrodes 224, such
that the first alignment film 110 covers the pixel electrodes
224. Moreover, the counter substrate 240 further includes a
second insulative substrate 242 and a counter electrode 244,
such that the second alignment film 120 covers the counter
electrode 244. The liquid crystal layer 260 is interposed
between the active matrix substrate 220 and the counter sub-
strate 240. For example, the first and the second insulative
substrates 222 and 242 are transparent glass substrates.
[0080] Theliquidcrystal display device 200 includes pixels
composing a matrix of a plurality of rows and a plurality of
columns. On the active matrix substrate 220, at least one
switching element (e.g., thin film transistor (Thin Film Tran-
sistor: TFT)) (not shown in the figure) is provided for each
pixel, and the active matrix substrate 220 is also referred to a
TFT substrate. 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 300 that corresponds to a
“pixel” in displaying.

[0081] Although not shown, a polarizer is provided on each
of the active matrix substrate 220 and the counter substrate
240. Therefore, the two polarizers are disposed so as to
oppose each other with the liquid crystal layer 260 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).

[0082] The first alignment film 110 includes a first align-
ment layer 112 containing the first polyimide p1 and a second
alignment layer 114 containing the second polyimide p2 and
the polymerization product po. The second alignment layer
114 is located on the liquid crystal layer 260 side of the first
alignment layer 112. Similarly, the second alignment film 120
includes a first alignment layer 122 containing the first poly-
imide pl and a second alignment layer 124 containing the
second polyimide p2 and the polymerization product po. The
second alignment layer 124 is located on the liquid crystal
layer 260 side of the first alignment layer 122.

[0083] The first polyimide p1 is formed by imidizing the
precursor thereof. Also, the second polyimide p2 is formed by
imidizing the precursor thereof. The polymerization product
po is formed through polymerization of a polyfunctional
monomer. The polymerization is performed by applying heat
or light to the polyfunctional monomer.
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[0084] The firstalignment film 110 is made of two different
alignment layer materials. The first alignment layer material
is obtained by allowing the precursor of the first polyimide p1
to be dissolved in a solvent. For example, after applying the
first alignment layer material onto the pixel electrodes 224, a
heat treatment is performed to effect solvent evaporation and
imidization, whereby the first alignment layer 112 containing
the first polyimide p1 is formed. The heat treatment is per-
formed twice at different temperatures, for example.

[0085] On the other hand, the second alignment layer mate-
rial is obtained by allowing the precursor of the second poly-
imide p2 and a polyfunctional monomer to be dissolved in a
solvent. For example, after applying the second alignment
layer material onto the first alignment layer 112, a heat treat-
ment is performed to evaporate the solvent and effect imi-
dization and polymerization, whereby the second alignment
layer 114 containing the second polyimide p2 and the poly-
merization product po is formed. The heat treatment is per-
formed twice at different temperatures, for example. Thus,
the first alignment film 110 is formed.

[0086] Similarly, after applying the first alignment layer
material onto the counter electrode 244, a heat treatment is
performed to effect solvent evaporation and imidization,
whereby the first alignment layer 122 containing the first
polyimide pl is formed. Then, after applying the second
alignment layer material onto the first alignment layer 122, a
heat treatment is performed to evaporate the solvent and
effect imidization and polymerization, whereby the second
alignment layer 124 containing the second polyimide p2 and
the polymerization product po is formed. Thus, the second
alignment film 120 is formed.

[0087] The liquid crystal layer 260 contains a nematic lig-
uid crystal material (liquid crystal molecules 262) having
negative dielectric anisotropy. The first alignment film 110
and the second alignment film 120 are each treated so that the
pretilt angle of the liquid crystal molecules 262 is less than
90° with respect to the surface of the vertical alignment film.
The pretilt angle of the liquid crystal molecules 262 is an
angle between principal faces of the first alignment film 110
and the second alignment film 120 and the major axis of each
liquid crystal molecule 262 that is regulated in a pretilt direc-
tion.

[0088] Although the liquid crystal layer 260 is of a vertical-
alignment type, due to the second alignment layers 114 and
124 containing the second polyimide p2, the liquid crystal
molecules 262 in their neighborhood are slightly inclined
from the normal directions of the principal faces of the first
and second alignment films 110 and 120. The pretilt angle is
within a range from 85° to 89.7°, for example. The pretilt
angle is measured by a crystal rotation technique, for
example. The side chain of the second polyimide p2 defines
the pretilt direction of the liquid crystal molecules 262. In the
following description, this component may also be referred to
as a pretilt-angle-exhibiting component.

[0089] Note that the pretilt azimuth of the liquid crystal
molecules 262 introduced by the first alignment film 110 is
different from the pretilt azimuth of the liquid crystal mol-
ecules 262 introduced by the second alignment film 120. For
example, the pretilt azimuth of the liquid crystal molecules
262 introduced by the first alignment film 110 intersects, at
90°, the pretilt azimuth of the liquid crystal molecules 262
introduced by the second alignment film 120. Herein, no
chiral agent is added to the liquid crystal layer 260, so that,
when a voltage is applied across the liquid crystal layer 260,
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the liquid crystal molecules within the liquid crystal layer 260
take a twist alignment in accordance with the alignment regu-
lating forces from the first and second alignment films 110
and 120. However, a chiral agent may be added to the liquid
crystal layer 260 as necessary. In combination with polarizers
which are placed in crossed Nicols, the liquid crystal layer
260 performs displaying in normally black mode.

[0090] Moreover, each of the first and second alignment
films 110 and 120 may have a plurality of alignment regions
for each pixel. For example, a portion of the first alignment
film 110 may be masked, and after a predetermined region of
the first alignment film 110 is irradiated with light from a
certain direction, another region which was not irradiated
with light may be irradiated with light from a different direc-
tion. Furthermore, the second alignment film 120 may be
similarly formed. In this manner, regions that confer different
alignment regulating forces can be formed in each of the first
and second alignment films 110 and 120.

[0091] Forexample, the first polyimide p1 is represented by
general formula (2x).

[Formula 5]
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mula (2x) is one that may be used as a component of a

so-called horizontal alignment film. More specifically, the
first polyimide p1 is represented by structural formula (2xa). °
[Formula 6] Q
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[0093] Alternatively, the first polyimide p1 is represented
by general formula (2y). ©©©
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e [0094] Herein, the R in the side chain is a saturated alkyl

group or an unsaturated alkyl group having 3 to 18 carbons.
oo Note that the first polyimide p1 represented by general for-
mula (2y) is one that may be used as a component of a
so-called vertical alignment film.

b _.CHy [0095] For example, the second polyimide p2 is repre-
me  RERR sented by general formula (3).
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[0096] Note that the side chain of the second polyimide p2
may include a photoreactive functional group. In this case, a
dimerization site is formed in the side chain through light
irradiation. The second alignment layers 114 and 124 con-
taining the second polyimide p2 as such may also be referred
to as a photo-alignment layer. For example, the side chain of
the second polyimide (Polyimide: PI) p2 is represented by
general formula (4).

[Formula 9]

POLYIMIDE (OR POLYAMIC ACID) CHAINl- ---$*—D

E

[0097] Herein, A represents pyrimidine-2,5-diyl, pyridine-
2,5-diyl, 2,5-thiophenylene, 2,5-furanylene, 1,4- or 2,6-naph-
thylene, or phenylene, optionally substituted by a group
selected from fluorine, chlorine, and cyano, or by a C,_,
cyclic, linear, 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).

[0098] B is a linear 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 indepen-
dently be replaced by a group Q).

[0099] C'and C? each independently of the other represent
an aromatic or alicyclic group (which is unsubstituted or

\
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substituted by fluorine, chlorine, cyano, or by a cyclic, linear,
or branched alkyl residue (which is unsubstituted, mono-
substituted by cyano or halogen, or poly-substituted by halo-
gen, 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).

[0100] S'and S* each independently of the other represent
a single covalent bond or a spacer unit. S® represents a spacer
unit.

[0101] Q represents a group selected from —O—,
—CO—, —CO—0—, —O0—CO—, —Si(CH,),—0—Si
(CH;),—, —NR'—, —NR'-—CO—, —CO—NR'—,
—NR'—CO—0O—, —O—CO—NR'—, —NR'—CO—

NR'—, —CH—CH—, —C=C—, and —O—CO—0O—
(where R represents a hydrogen atom or lower alkyl). E and
F each independently of the other represent hydrogen, fluo-
rine, 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—
O—, —O0—CO— and/or —CH—CH—).

[0102] Note that it is preferable that A includes an aromatic
compound; B includes fluorocarbon; D includes at least one
or more hydrocarbon groups; and E and F include hydrogen
atoms.

[0103] Moreover, this side chain may contain a fluorine
atom. When the side chain contains a fluorine atom, the
aforementioned image sticking is suppressed to a certain
extent.

[0104] Specifically, the second polyimide p2 is represented
by structural formula (3a).

@
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[0105] In this case, by irradiating the first or second align-

ment film 110, 120 with light from an oblique direction with
respect to the normal direction of its principal face, an align-
ment regulating force is applied to the second polyimide p2
such that the liquid crystal molecules 262 are aligned so as to
be inclined from the normal directions of the principal faces
of the first and second alignment films 110 and 120 in the
absence of an applied voltage. The second polyimide p2
represented by structural formula (3a) is also referred to as a
photo-alignable polyimide, and such a treatment is also
referred to as a photo-alignment treatment. Since a photo-
alignment treatment is performed without involving any con-
tact, static electricity will not occur due to friction as in a
rubbing treatment, and thus the production yield can be
improved.

[0106] Although the above description illustrates that the
second polyimide p2 has a photoreactive functional group,
and that a photo-alignment treatment is performed as an
alignment treatment, the present invention is not limited
thereto. The side chain of the second polyimide p2 may have
a vertical alignment group, and a rubbing treatment or an ion
beam irradiation may be performed as an alignment treat-
ment. As the precursor of the second polyimide p2, AL60101
manufactured by JSR Corporation may be used. The second
polyimide p2 including a vertical alignment group in its side
chain is also referred to as a vertical-alignment type polyim-
ide. After forming the first and second alignment films 110
and 120, the first and second alignment films 110 and 120
may be subjected to a rubbing treatment or an ion beam
irradiation, whereby a pretilt can be conferred to the liquid
crystal molecules 262.

[0107] The polymerization product po is obtained by poly-
merizing a polyfunctional monomer. The polyfunctional
monomer is represented by general formula (1).

P1-Al-(Z1-A2)n-P2 0

[0108] In general formula (1), P1 and P2 each indepen-
dently of the other are an acrylate, methacrylate, acrylamide,
methacrylamide, vinyl, vinyloxy, or epoxy group; Al and A2
each independently of the other represent a 1,4-phenylene,
1,4-cyclohexane, 2,5-thiophene, or naphthalene-2,6-diyl
group; and Z1 is a —COO— group, a —OCO— group, a
—O— group, a —CONH— group or a single bond, where n
is 0,1, or 2. For example, the main chain of the polyfunctional
monomer has two ring structures, and the polyfunctional
monomer is biphenyldimethacrylate, biphenyldiacrylate,
biphenyldimethacrylamide, or biphenyldiacrylamide.

[0109] Note that the second polyimide p2 and the polymer-
ization product po are present in the second alignment layer

13
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114; however, in the first alignment layer 112, the first poly-
imide p1 is present, but not the polymerization product po.
Similarly, both of the polyimide p2 and the polymerization
product po are present in the second alignment layer 124;
however, in the first alignment layer 122, the polyimide p1 is
present, but not the polymerization product po.

[0110] The polymerization product po exists also on the
surface of the first and second alignment films 110 and 120,
whereby the first and second alignment films 110 and 120 are
structurally stabilized, changes in the alignment function are
suppressed, and the pretilt angle of the liquid crystal mol-
ecules 262 of the liquid crystal layer 260 is maintained. When
the monomer is a monofunctional monomer, the resultant
polymerization product, i.e., along linear polymer, is liable to
deformation, and therefore changes in the alignment function
cannot be sufficiently suppressed. On the other hand, when
the monomer is a polyfunctional monomer, its polymeriza-
tion product can sufficiently suppress changes in the align-
ment function. Note that the alignment films 110 and 120
contain not only the polymerization product po but also the
first and second polyimides p1 and p2, and thus the thermal
resistance, solvent resistance, and hygroscopicity, and other
characteristics of the alignment films 110 and 120 are not
substantially deteriorated as compared to those of a generic
alignment film which is made only of polyimide.

[0111] The concentration of the polymerization product po
is much higher at the surface of the first and second alignment
films 110 and 120 than in the interior of the first and second
alignment films 110 and 120. The concentration of the poly-
merization product po is measured by, for example, time of
flight-secondary ion mass spectrometry (TOF-SIMS) or
X-ray photoelectron spectroscopy (XPS). In the case of XPS,
for example, an apparatus manufactured by ULVAC-PHI,
INCORPORATED may be used to analyze the atoms in the
depth direction while etching with C60.

[0112] Asmentioned earlier, the polymerization product po
is present on the surface of the second alignment layers 114
and 124. Thus, since the polymerization product po is present
on the surface of the first and second alignment films 110 and
120, changes in the pretilt angle of the liquid crystal mol-
ecules 262 can be efficiently suppressed.

[0113] Although the above description illustrates that the
first polyimide p1 is imidized by applying a heat treatment to
the precursor of the first polyimide p1 contained in the first
alignment layer material, the present invention is not limited
thereto. The first alignment layer material may contain a first
polyimide p1 that has a certain fraction of imide units result-
ing from chemical imidization.

[0114] As another technique of suppressing image sticking
caused by changes in the pretilt angle, Polymer Sustained
Alignment Technology (hereinafter referred to as “PSA tech-
nique”) is known. In the PSA technique, the pretilt direction
of the liquid crystal molecules is controlled by a polymeriza-
tion product that is generated by irradiating the polymerizable
compound with an active energy ray (e.g., ultraviolet light)
while applying a voltage across a liquid crystal layer in which
a small amount of polymerizable compound (e.g., a photopo-
lymerizable monomer) is mixed.

[0115] Now, differences between an alignment sustaining
layer which is formed by a generic PSA technique and the
polymerization product po in the alignment films 110 and 120
ofthe liquid crystal display device 200 of the present embodi-
ment will be described.
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[0116] In the PSA technique, the alignment sustaining
layer exists on the alignment film, and when the liquid crystal
panel is disassembled to analyze the surface of the active
matrix substrate or the counter substrate by TOF-SIMS or
XPS, ions or atoms derived from the polymerizable compo-
nent will be detected at the outermost surface of the substrate.
On the other hand, in the display device 200 of the present
embodiment, the polymerization product po is contained in
the alignment films 110 and 120, and when the liquid crystal
panel is disassembled to similarly analyze the surface of the
active matrix substrate 220 or the counter substrate 240, not
only ions or atoms derived from the polymerization product
po but also ions or atoms derived from the second polyimide
p2 of the second alignment layers 114 and 124 will be
detected, indicative that the second polyimide p2 and the
polymerization product po are present at the surface of the
active matrix substrate 220, and also that the second polyim-
ide p2 and the polymerization product po are present at the
surface of the counter substrate 240.

[0117] Moreover, in the PSA technique, a polymerization
product is formed through light irradiation after producing a
liquid crystal panel having an alignment film, whereas in the
liquid crystal display device 200 of the present embodiment,
the polymerization product po is contained in the first and
second alignment films 110 and 120, and the polymerization
product po is formed before the active matrix substrate 220
and the counter substrate 240 are attached together. There-
fore, even if the active matrix substrate 220 and the counter
substrate 240 is to be attached together in a different place
from the place where the active matrix substrate 220 and the
counter substrate 240 were produced, there is no need to
effect formation of the polymerization product at the place
where they are attached together, thus facilitating the produc-
tion of the liquid crystal display device 200.

[0118] Moreover, in the PSA technique, the voltage hold-
ing ratio will be lowered if any unreacted monomer remains
in the liquid crystal layer. Therefore, in the PSA technique,
ultraviolet irradiation must be performed for a long time in
order to reduce the remaining monomer. On the other hand, in
the liquid crystal display device 200 of the present embodi-
ment, a polymerization product for suppressing changes in
the pretilt angle is formed in the alignment films, thus sup-
pressing lowering of the voltage holding ratio and making it
possible to omit irradiation ultraviolet over a long time.
[0119] Intheliquid crystal display device 200 of the present
embodiment, as described above, the alignment films 110 and
120 contain the polymerization product po, which fixes the
pretilt direction of the liquid crystal molecules 262. This is
presumably because the polymerization product po sup-
presses deformation of the pretilt-angle-exhibiting compo-
nent, whereby the alignment direction of the liquid crystal
molecules 262 introduced by the second polyimide p2 is
maintained in a direction which is essentially vertical to the
principal faces of the alignment films 110 and 120. Moreover,
the polymerization product po stabilizes the impurities and
the like which have occurred due to damage during the align-
ment treatment, thus suppressing generation of impurity ions
and occurrence of image sticking.

[0120] Intheliquid crystal display device 200 of the present
embodiment, the polyfunctional monomer represented by
general formula (1) above is introduced in the second align-
ment layer material, and film formation is conducted with a
usual method, as a result of which the polymerization product
po occurring through polymerization of the polyfunctional
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monomer exists on the liquid crystal layer 260 side of the first
and second alignment films 110 and 120. Therefore, the
pretilt angle of the liquid crystal molecules 262 can be stabi-
lized, and it is possible to maintain a high voltage holding
ratio and a low residual DC, thereby preventing image stick-
ing. Since there is no need to perform photopolymerization
after introducing the liquid crystal material unlike in the PSA
technique, production with simple steps is possible, and the
problem of a lowered voltage holding ratio due to any mono-
mer remaining in the liquid crystal material is prevented.
[0121] Hereinafter, with reference to FIG. 3 and FIG. 4, a
production method for the liquid crystal display device 200
will be described.

[0122] First, as shown in FIG. 3(a), the pixel electrodes 224
are formed on the first insulative substrate 222. Although not
shown in FIG. 3(a), TFTs and wiring lines and the like that are
connected thereto are provided between the first insulative
substrate 222 and the pixel electrodes 224. Next, the first
alignment film 110 covering the pixel electrodes 224 is
formed.

[0123] Next, the first alignment film 110 covering the pixel
electrodes 224 is formed. Formation of the first alignment
film 110 is performed as follows. First, two alignment layer
materials are prepared. The first alignment layer material is
obtained (as a mixture) by allowing the precursor of the first
polyimide p1 to be dissolved in a solvent.

[0124] For example, the precursor (polyamic acid) of the
first polyimide pl is represented by general formula (2x').

[Formula 11]
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[0125] The precursor of the first polyimide p1 represented
by general formula (2x') is one that may be used as the
material of a so-called horizontal alignment film. More spe-
cifically, the precursor of the first polyimide p1 is represented
by structural formula (2xa').

[Formula 12]
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[0126] Alternatively, a compound represented by general
formula (2y") may be used as the precursor (polyamic acid) of
the first polyimide pl.

[Formula 13]
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[0127] Herein, R is a saturated alkyl group or an unsatur-
ated alkyl group having 3 to 18 carbons. The precursor of the
first polyimide p1 represented by general formula (2y') is one
that may be used as the material of a so-called vertical align-
ment film.

[0128] The second alignment layer material is obtained (as
a mixture) by allowing the precursor of the second polyimide
p2 and a polyfunctional monomer to be dissolved in a solvent.
For example, the precursor (polyamic acid) of the second
polyimide p2 is represented by general formula (3).
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[0129] More specifically, the precursor of the second poly-
imide p2 is represented by structural formula (3a').

[Formula 15]
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[0130] The side chain of the precursor of the second poly-
imide p2 (Polyamic Acid: PAA) is represented by general

formula (4).

[Formula 16]
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[0131] A represents pyrimidine-2,5-diyl, pyridine-2,5-
diyl, 2,5-thiophenylene, 2,5-furanylene, 1,4- or 2,6-naphth-
ylene, or phenylene, optionally substituted by a group
selected from fluorine, chlorine, and cyano, or by a C,_ ;4
cyclic, linear, 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).

[0132] B is a linear 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 indepen-
dently be replaced by a group Q).

[0133] C'and C?each independently of the other represent
an aromatic or alicyclic group (which is unsubstituted or
substituted by fluorine, chlorine, cyano, or by a cyclic, linear,
or branched alkyl residue (which is unsubstituted, mono-
substituted by cyano or halogen, or poly-substituted by halo-
gen, having 1 to 18 carbon atoms and where one or more
non-adjacent CH, groups may independently be replaced by
agroup Q)). Drepresents an oxygen atom or—NR'— (where
R! represents a hydrogen atom or lower alkyl).

[0134] S’ and S? each independently of the other represent
a single covalent bond or a spacer unit. S represents a spacer
unit.

[0135] Q represents a group selected from —O—,
—CO—, —CO—0—, —O0—CO—, —Si (CH;),—0—Si
(CHy),—, —NR!'—, —NR'-—CO—, —CO—NR'—,
—NR'—CO—0—, —O—CO—NR'—, —NR'—CO—
NR'—, —CH=CH—, —C=C—, and —O—CO—0O—
(where R represents a hydrogen atom or lower alkyl). E and
F each independently of the other represent hydrogen, fluo-
rine, 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—
O—, —0—CO— and/or —CH=—CH—).

[0136] Herein, it is preferable that A includes an aromatic
compound; B includes fluorocarbon; D includes at least one
or more hydrocarbon groups; and E and F include hydrogen
atoms.

[0137] Note that the side chain of the second polyimide p2
may contain a fluorine atom. When the side chain of the
second polyimide p2 contains a fluorine atom, the aforemen-
tioned image sticking is suppressed to a certain extent.
[0138] Moreover, the second polyimide p2 may have a side
chain containing a cinnamate group as a photoreactive func-
tional group. In this case, a dimerization site is formed in the
side chain through light irradiation. Specifically, the second
polyimide p2 is represented by formula (3a).

[Formula 17]
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-continued
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[0139] The precursor thereof is represented by formula
(3a").

[Formula 18]
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[0140] Note that the polyfunctional monomer does not
form a covalent bond with the precursor of the second poly-
imide p2.
[0141] Thus, the first alignment layer material contains the

precursor (polyamic acid) of the first polyimide p1, and the
second alignment layer material contains the second polyim-
ide p2 and the precursor (polyamic acid) thereof. Herein, the
second polyimide and the precursor thereof have a photore-
active functional group in its side chain, as represented by
structural formulae (3a) and (3a'), whereas the precursor of
the first polyimide p1 does not have any photoreactive func-
tional groups in its side chain, as represented by structural
formula (2xa").

[0142] Alternatively, the second polyimide p2 may have a
vertical alignment group in its side chain, and AL60101
manufactured by JSR Corporation may be used as the precur-
sor thereof.
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[0143] Inthe present embodiment, as described above, the
second alignment layer material contains a polyfunctional
monomer. The polyfunctional monomer may have two or
more directly-bonded ring structures or one or more con-
densed ring structures, for example. For example, a meth-
acrylate-type monomer, an acrylate-type monomer, a meth-
acrylamide-type monomer, or an acrylamide-type monomer
is used as the polyfunctional monomer.

[0144] The polyfunctional monomer is represented by gen-
eral formula (1) P1-A1-(Z1-A2)n-P2 (in general formula (1),
P1 and P2 each independently of the other are an acrylate,
methacrylate, acrylamide, methacrylamide, vinyl, vinyloxy,
or epoxy group; Al and A2 each independently of the other
represent a 1,4-phenylene, 1,4-cyclohexane, 2,5-thiophene,
or naphthalene-2,6-diyl group; Z1 is a —COO— group, a
—OCO— group, a —O— group, a —CONH— group or a
single bond, where n is 0, 1, or 2).

[0145] Moreover, the solvent contains y-butyrolactone and
N-methylpyrrolidone (N-methylpyrrolidone: NMP), for
example. The concentration of the polyfunctional monomer
on the basis of the second alignment layer material is no less
than 2 wt % and no more than 20 wt %, for example. Thus, by
allowing the polyfunctional monomer to be contained in the
second alignment layer material at a low concentration, it
becomes possible to control the alignment of the liquid crys-
tal molecules 262 with a small amount of polyfunctional
monomer. Although a high polyfunctional monomer concen-
tration might lower the transmittance of the liquid crystal
display device, the concentration of the polyfunctional mono-
mer may be low, whereby lowering of the transmittance can
be suppressed.

[0146] Next, the first alignment layer material is applied,
and a heat treatment is conducted. As the heat treatment, for
example, two heat treatments may be performed at different
temperatures. Specifically, after performing a first heat treat-
ment, a second heat treatment is performed at a higher tem-
perature than that of the first heat treatment. The first heat
treatment removes most of the solvent. In the following
description, what remains after the solvent has been substan-
tially removed will be referred to as an alignment film. More-
over, through the subsequent second heat treatment, imidiza-
tion progresses, whereby the alignment layer is stabilized.
The first heat treatment is also referred to as a preliminary
bake or a pre-bake, and the second heat treatment is also
referred to as a full bake or a post-bake. Through the heat
treatment, the polyamic acid is imidized, whereby the first
polyimide p1 is formed. In this manner, the first alignment
layer 112 shown in FIG. 3(d) is formed.

[0147] Next, as shown in FIG. 3(¢), the second alignment
layer material is applied through a nozzle, and a heat treat-
ment is conducted to form the second alignment layer 114. As
the heat treatment, for example, two heat treatments may be
performed at different temperatures. Specifically, after per-
forming a first heat treatment, a second heat treatment is
performed at a higher temperature than that of the first heat
treatment. The first heat treatment (pre-bake) removes most
of'the solvent. Moreover, through the subsequent second heat
treatment (post-bake), imidization progresses, whereby the
alignment layer is stabilized. Through the heat treatment, the
polyamic acid is imidized, whereby the second polyimide p2
is formed. For each of the first alignment layer material and
the second alignment layer material, the post-bake time is
adjusted according to the type, thickness, and intended frac-
tion of imide units of the alignment film. The fraction of imide
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units can be adjusted based on the heating temperature, for
example. The post-bake temperature of the second alignment
layer 114 may be the same as or different from that of the first
alignment layer 112. For example, the post-bake time is pref-
erably 10 minutes or more, and more preferably about 40
minutes. Moreover, through the heat treatment, the polyfunc-
tional monomer is polymerized to form the polymerization
product po, such that the polymerization product po exists
also on the surface of the first alignment film 110. Note that
the polymerization product po does not form a covalent bond
with the second polyimide p2. In this manner, the second
alignment layer 114 is formed.

[0148] Next, the first alignment film 110 is subjected to an
alignment treatment. The alignment treatment may be per-
formed after the first heat treatment, or after the second heat
treatment, in the formation ofthe second alignment layer 114.
For example, the alignment treatment is performed by irradi-
ating the first alignment film 110 with light. For example,
light of wavelengths in the range of no less than 250 nm and
no more than 400 nm is radiated onto the first alignment film
110 at an irradiation dose of no less than 20 mJ/cm? and no
more than 200 mJ/cm?, from a direction which is inclined
from the normal direction of the principal face of the first
alignment film 110. If the irradiation dose increases from 200
mJ/cm?, the alignment film may deteriorate so that the volt-
age holding ratio and the like may be lowered. Moreover, the
irradiation angle of light may be in the range of no less than 5°
and no more than 85°, and preferably no less than 40° and no
more than 60°, from the normal direction of the principal face
of'the first alignment film 110. Note that, when the irradiation
angle is small, it becomes difficult to confer a pretilt angle;
when the irradiation angle is too large, it takes more time to
confer the same pretilt. Moreover, light may be unpolarized
light, linearly polarized light, elliptically polarized light, or
circularly polarized light. However, linearly polarized light is
to be used in the case where a cinnamate group is used as the
photoreactive functional group. Alternatively, a rubbing treat-
ment or an ion beam irradiation may be performed for the first
alignment film 110 as the alignment treatment. In this man-
ner, the active matrix substrate 220 shown in FIG. 4(d) is
formed.

[0149] As shown in FIG. 4(e), the counter electrode 244 is
formed on the second insulative substrate 242. Next, the
second alignment film 120 is formed on the counter electrode
244. The second alignment film 120 is formed in a similar
manner to the first alignment film 110 having been described
with reference to FIG. 3(a) to FIG. 3(c).

[0150] First, an alignment layer material is prepared. For
example, this alignment layer material is similar to that of the
first alignment film 110. Next, the first alignment layer mate-
rial is applied, and a heat treatment is conducted to form the
first alignment layer 122. The first heat treatment removes
most of the solvent. Through the subsequent second heat
treatment, imidization progresses, whereby the alignment
layer is stabilized. The polyamic acid is imidized to form the
first polyimide p1.

[0151] Next, the second alignment layer material is
applied, and a heat treatment is conducted to form the second
alignment layer 124. The first heat treatment removes most of
the solvent. Through the subsequent second heat treatment,
imidization progresses, whereby the alignment layer is stabi-
lized. Through the heat treatment, the polyamic acid is imi-
dized to form the second polyimide p2. Moreover, through the
heat treatment, the polyfunctional monomer is polymerized
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to form the polymerization product po, such that the polymer-
ization product po exists also on the surface of the second
alignment film 120. The second alignment film 120 thus
formed is formed. Thereafter, the second alignment film 120
is subjected to an alignment treatment. The alignment treat-
ment is performed in a similar manner to the first alignment
film 110. Thus, the counter substrate 240 is formed.

[0152] Next, as shown in FIG. 4(f), the active matrix sub-
strate 220 and the counter substrate 240 are attached together
so that the first alignment film 110 and the second alignment
film 120 oppose each other. In the present specification, the
active matrix substrate and the counter substrate being
attached together before formation of the liquid crystal layer
may also be referred to as a “vacant panel”.

[0153] Next, a liquid crystal material is provided, and the
liquid crystal material is introduced between the first align-
ment film 110 and the second alignment film 120 of the vacant
panel, thus forming the liquid crystal layer 260. As described
above, the first and second alignment films 110 and 120 have
been subjected to an alignment treatment, and thus the liquid
crystal molecules 262 are aligned so as to be inclined from the
normal directions of the principal faces of the first and second
alignment films 110 and 120 even in the absence of an applied
voltage. Moreover, the polymerization product po maintains
the alignment of the liquid crystal molecules 262, whereby
image sticking is suppressed. The liquid crystal panel 300 is
produced in this manner. Thereafter, the driving circuit 350
and the control circuit 360 shown in FIG. 2(a) are mounted on
the liquid crystal panel 300, whereby the liquid crystal dis-
play device 200 is produced.

[0154] In the aforementioned PSA technique, a polymer-
ization product is formed under an applied voltage. In the case
where ultraviolet for the purpose of polymerization product
formation is radiated while thus applying a voltage, a com-
plex fabrication apparatus is required in which a device for
applying a voltage across the liquid crystal panel and a device
for radiating ultraviolet light are integrated. Moreover, since
ultraviolet light irradiation is performed after a voltage is
applied across the liquid crystal panel for a long time for
obtaining a predetermined alignment, this fabrication appa-
ratus needs to be used for a long time. Moreover, when form-
ing the 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 simulta-
neously produced by using a large-sized mother glass sub-
strate, and thereafter each liquid crystal panel is cut out from
the large-sized mother glass substrate. In this case of simul-
taneously producing a plurality of liquid crystal panels, 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.

[0155] Moreover, 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 ultraviolet light irradiation is performed
with non-uniform voltages being applied, there will be fluc-
tuations in the pretilt angle.

[0156] Moreover, in the case of applying a voltage during
polymerization product formation, 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.
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[0157] On the other hand, according to the present embodi-
ment, no voltage is applied when forming the polymerization
product po. Therefore, the liquid crystal display device 200
can be easily produced without using a complex fabrication
apparatus. Moreover, a liquid crystal panel can be easily
produced even when producing the liquid crystal layer 260
through dropwise application of a liquid crystal material.
Moreover, since it is not necessary to apply a voltage across
the liquid crystal layer 260 of all pixels when forming the
polymerization product po, changes in the pretilt angle
among liquid crystal molecules 262 can be suppressed. Fur-
thermore, the viewing angle can be improved without provid-
ing ribs, slits, or rivets on the pixel electrodes 224 and the
counter electrode 244, thus reducing an increase in the num-
ber of steps.

[0158] Note that slits, ribs, and/or rivets may be provided
on the pixel electrodes 224 and the counter electrode 244.
Alternatively, slits, ribs, and/or rivets may not be provided on
the pixel electrodes 224 and the counter electrode 244, and
the liquid crystal molecules 262 may be aligned in accor-
dance with an oblique electric field which is created by a
highly-symmetrical pixel electrode 226 and the counter elec-
trode 246. As a result, the alignment regulating force of the
liquid crystal molecules 262 under an applied voltage can be
further increased.

[0159] Although the above description illustrates that the
first and second alignment films 110 and 120 are made of the
same alignment layer material, the present invention is not
limited thereto. The first and second alignment films 110 and
120 may be made of different alignment layer materials. For
example, at least one of the first and second polyimides p1 and
p2 and the polymerization product po of the first alignment
film 110 may be different from at least one of the first and
second polyimides p1 and p2 and the polymerization product
po of the second alignment film 120.

[0160] Although the above description illustrates that the
first and second alignment films 110 and 120 each contain the
polymerization product po, the present invention is not lim-
ited thereto. Only one of the first and second alignment films
110 and 120 may contain the corresponding polymerization
product po.

[0161] Although the above description illustrates that the
active matrix substrate 220 and the counter substrate 240
respectively include the first and second alignment films 110
and 120, the present invention is not limited thereto. Only one
of the active matrix substrate 220 and the counter substrate
240 may include the corresponding first or second alignment
film 110 or 120.

[0162] Although the above description illustrates that poly-
merization product po is formed through a heat treatment, the
present invention is not limited thereto. The polymerization
product po may be formed through light irradiation. For
example, in such light irradiation, a light source which mainly
emits ultraviolet light (i-line) with a wavelength of 365 nm is
suitably used. The irradiation time is about 500 seconds, for
example, and the irradiation intensity of light is about 20
mW/cm?. In the case where polymerization is effected
through light irradiation, the polyfunctional monomer will
sufficiently polymerize even if the irradiation intensity of
light is 10 mW/cm? or less. The wavelength of light is pref-
erably 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 with light of a wavelength greater than 400
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nm. Although polymerization can occur with light of a wave-
length of 300 nm or less, the irradiation dose should prefer-
ably be as small as possible because decomposition of organic
matter will occur with irradiation of deep-ultraviolet with
wavelengths near 200 nm.

[0163] Moreover, the liquid crystal display device 200 may
be of the 4D-RTN (4 Domain-Reverse Twisted Nematic)
mode. Hereinafter, a liquid crystal display device of the
4D-RTN mode will be described with reference to FIG. 5.
[0164] FIG. 5(a) shows pretilt directions PA1 and PA2 of
liquid crystal molecules defined on the alignment film 110 of
the active matrix substrate 220, and FIG. 5(b) shows pretilt
directions PB1 and PB2 of liquid crystal molecules defined
on the alignment film 120 of the counter substrate 240. 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.

[0165] FIG. 5(a) to FIG. 5(c) schematically show align-
ment directions of liquid crystal molecules as seen from the
viewer side. FIG. 5(a) to FIG. 5(c) indicate that the end
portions (essentially circular portions) of the cylindrical lig-
uid crystal molecules are tilted toward the viewer.

[0166] As shown in FIG. 5(a), the first alignment film 110
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 110, whereas the liquid crystal molecules regulated by
the second alignment region OR2 of the first alignment film
110 are tilted in the +y direction from the normal direction of
the principal face of the first alignment film 110. 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 110.

[0167] Moreover, as shown in FIG. 5(5), the second align-
ment film 120 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 120, 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
120 are tilted in the —x direction from the normal direction of
the principal face of the second alignment film 120, such that
the +x direction end portions of these liquid crystal molecules
are pointed toward the front face. Thus, the second alignment
film 120 includes third and fourth alignment regions OR3 and
OR4 with different pretilt azimuths.

[0168] An alignment treatment direction 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, sec-
ond, third, and fourth alignment regions are also referred to as
first, second, third, and fourth alignment treatment directions.
[0169] The first alignment region OR1 of the first align-
ment film 110 has been subjected to an alignment treatment
along a first alignment treatment direction PD1, whereas the
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second alignment region OR2 has been subjected to an align-
ment 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 120 has been subjected to an align-
ment 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 treat-
ment direction PD3 is essentially antiparallel to the fourth
alignment treatment direction PD4.

[0170] As shown in FIG. 5(¢), four liquid crystal domains
A, B, C, and D are formed in the liquid crystal layer ofa pixel.
In the liquid crystal layer 260, a portion interposed between
the first alignment region OR1 of the first alignment film 110
and the third alignment region OR3 of the second alignment
film 120 defines the liquid crystal domain A; a portion inter-
posed between the first alignment region OR1 of the first
alignment film 110 and the fourth alignment region OR4 of
the second alignment film 120 defines a liquid crystal domain
B; a portion interposed between the second alignment region
OR2 of the first alignment film 110 and the fourth alignment
region OR4 of the second alignment film 120 defines a liquid
crystal domain C; and a portion interposed between the sec-
ond alignment region OR2 of the first alignment film 110 and
the third alignment region OR3 of the second alignment film
120 defines a liquid crystal domain D. Note that the angle
constituted by the first or second alignment treatment direc-
tion PD1 or PD2 and the third or fourth alignment treatment
direction PD3 or PD4 is essentially 90°, and the twist angle in
each of theliquid crystal domains A, B, C,and D is essentially
90°.

[0171] The alignment direction of a liquid crystal molecule
at the center of a liquid crystal domain A to D is an interme-
diate direction between the pretilt direction for liquid crystal
molecules introduced by the first alignment film 110 and the
pretilt direction for liquid crystal molecules introduced by the
second alignment film 120. 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 align-
ment 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 prin-
cipal face of the first alignment film 110 or the second align-
ment film 120) is referred to as a reference alignment azi-
muth. The reference alignment azimuth characterizes its
corresponding liquid crystal domain, and exerts a predomi-
nant influence on the viewing angle characteristics 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 azimuthal 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 align-
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ment azimuths of the liquid crystal domains A, B, C, and D
are, respectively, 225°, 315°, 45°, and 135°.

[0172] AsshowninFIG.5(c), the domain lines DI.1 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 224, 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 224, whereas
the domain line D14 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 afore-
mentioned central portion. The disclination lines CL and the
domain lines DL1 to DL4 are continuous, thus resulting in
dark lines of a reverse i shape. Although the dark lines
herein are in a reverse i shape, the dark lines may beinan 8
shape.

[0173] 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.

[0174] Although the above description illustrates that each
alignment film includes two alignment layers, the present
invention is not limited thereto. Each alignment film may
include three or more alignment layers.

[0175] Hereinafter, alignment films and liquid crystal dis-
play devices of the present Examples will be described.
Example 1
Example 1-1

[0176] Hereinafter, with reference to FI1G. 2, F1G. 3, F1G. 4,
and FIG. 6, alignment films and a liquid crystal display device
of Example 1-1 will be described. The liquid crystal display
device of Example 1-1 also operates in the RTN mode.
[0177] First, on a principal face of the first insulative sub-
strate 222, although not shown in the figures, TFTs and wiring
lines connected to the TFTs, and an insulating layer and the
like were formed, upon which the pixel electrodes 224 were
formed. Similarly, on a principal face of the second insulative
substrate 242, although not shown in the figures, a colored
layer having color filters, and an insulating layer and the like
were formed, upon which the counter electrode 244 was
formed.

[0178] Next, two alignment layer materials were prepared.
The first alignment layer material was obtained by allowing
the precursor (polyamic acid) of the first polyimide p1 repre-
sented by structural formula (2xa') to be dissolved in a sol-
vent. The second alignment layer material was obtained by
allowing the precursor (polyamic acid) of the second polyim-
ide p2 represented by structural formula (3a') to be dissolved
in a solvent, and thereafter further allowing a polyfunctional
monomer to be dissolved therein. The precursor of the second
polyimide p2 had a cinnamate group in its side chain. The
polyfunctional monomer was biphenyldimethacrylate. The
concentration of the polyfunctional monomer on the basis of
the second alignment layer material was 10 wt %.

[0179] Thefirstalignment layer material was applied on the
pixel electrodes 224. The application of the first alignment
layer material was performed by a printing technique, ink jet
technique, or spin coating technique. As a first heat treatment
(pre-bake), one minute of heating was conducted at 90° C. to
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remove the solvent to a certain extent; and furthermore, 40
minutes of heating was conducted at 200° C. as a second heat
treatment (post-bake). Through such heat treatments, the
polyamic acid was imidized, whereby the first alignment
layer 112 containing the first polyimide p1 was formed.
[0180] Next, the second alignment layer material was
applied onto the first alignment layer 112 through a nozzle.
The application of the second alignment layer material was
performed by a printing technique, ink jet technique, or spin
coating technique. As a first heat treatment (pre-bake), one
minute of heating was conducted at 90° C. to remove the
solvent to a certain extent; and furthermore, 40 minutes of
heating was conducted at 200° C. as a second heat treatment
(post-bake). Through such heat treatments, the second align-
ment layer 114 containing the second polyimide p2, into
which the polyamic acid had imidized, and the polymeriza-
tion product po, into which the polyfunctional monomer had
polymerized, was formed. In this manner, the first alignment
film 110 was formed on the pixel electrodes 224.

[0181] Thereafter, obliquely from a 40° direction with
respect to the normal direction of a principal face of the first
alignment film 110, P-polarized light with a peak wavelength
of 330 nm was radiated at 50 mJ/cm?, thus performing a
photo-alignment treatment. Similarly, the two aforemen-
tioned alignment layer materials were applied to form the
second alignment film 120 including the first alignment layer
122 and the second alignment layer 124 on the counter elec-
trode 244, and a photo-alignment treatment was performed.
An analysis of the first and second alignment films 110 and
120 indicated that the polymerization product po, into which
biphenyldimethacrylate had polymerized, existed only in the
second alignment layers 114 and 124, and not in the first
alignment layers 112 and 122.

[0182] Next, the active matrix substrate 220 and the counter
substrate 240 were attached together so that the first align-
ment film 110 and the second alignment film 120 opposed
each other and that the angle between the alignment treatment
direction of the first alignment film and the alignment treat-
ment direction of the second alignment film was 90°, and
fixed so that the interspace between the active matrix sub-
strate 220 and the counter substrate 240 was about 4 um.
[0183] Next, a nematic liquid crystal material having nega-
tive dielectric anisotropy was provided, which was intro-
duced between the active matrix substrate 220 and the counter
substrate 240. The liquid crystal material had a dielectric
anisotropy A€ of -3, and a birefringence An of 0.085. The
liquid crystal molecules 262 had a pretilt angle of 86.8°.
[0184] FIG. 6(a) shows an alignment state of the liquid
crystal molecules 262 in the liquid crystal display device of
Example 1-1. As shown in FIG. 6(b), the active matrix sub-
strate 220 and the counter substrate 240 were attached
together so that the angle between the alignment treatment
direction PD1 of the first alignment film 110 and the align-
ment treatment direction PD3 of the second alignment film
120 was 90°, and the liquid crystal molecules 262 had a twist
angle of 90°. Herein, the polarization axis of the polarizer on
the active matrix substrate 220 was parallel to the alignment
treatment direction of the first alignment film 110, and the
polarization axis of the polarizer on the counter substrate 240
was parallel to the alignment treatment direction of the sec-
ond alignment film 120. In this manner, a liquid crystal panel
was produced.

[0185] Next, the resultant liquid crystal panel was sub-
jected to a power-on test of continuously applying a voltage of
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10 V for 50 hours at room temperature, and thereafter an
amount of change in the tilt angle was measured, which
indicated that the amount of change in the pretilt angle was
0.02°. A voltage holding ratio measured after finishing the
power-on test was 99.5% or more, indicative that powering
had been sufficiently conducted. A voltage holding ratio
which was measured after storing this liquid crystal panel in
an oven at 70° C. for 1000 h was 99.5% or more. The residual
DC voltage was 50 mV or less, which is sufficiently low. The
liquid crystal panel thus produced showed no image sticking.

Example 1-2

[0186] Hereinafter, with reference to FI1G. 2, F1G. 3, F1G. 4,
and FIG. 6, alignment films and a liquid crystal display device
of Example 1-2 will be described. The liquid crystal display
device of Example 1-2 also operates in the RTN mode.
[0187] First, on a principal face of the first insulative sub-
strate 222, although not shown in the figures, TFTs and wiring
lines connected to the TFTs, and an insulating layer and the
like were formed, upon which the pixel electrodes 224 were
formed. Similarly, on a principal face of the second insulative
substrate 242, although not shown in the figures, a colored
layer having color filters, and an insulating layer and the like
were formed, upon which the counter electrode 244 was
formed.

[0188] Next, two alignment layer materials were prepared.
The first alignment layer material was obtained by allowing
the precursor (polyamic acid) of the first polyimide p1 repre-
sented by structural formula (2xa") to be dissolved in a sol-
vent. The second alignment layer material was obtained by
allowing the precursor (polyamic acid) of the second polyim-
ide p2 represented by structural formula (3a') to be dissolved
in a solvent, and thereafter further allowing a polyfunctional
monomer to be dissolved therein. The precursor of the second
polyimide p2 had a cinnamate group in its side chain. The
polyfunctional monomer was biphenyldimethacrylate. The
concentration of the polyfunctional monomer on the basis of
the second alignment layer material was 10 wt %.

[0189] The firstalignment layer material was applied on the
pixel electrodes 224. The application of the first alignment
layer material was performed by a printing technique, ink jet
technique, or spin coating technique. As a first heat treatment
(pre-bake), one minute of heating was conducted at 90° C. to
remove the solvent to a certain extent; and furthermore, 40
minutes of heating was conducted at 200° C. as a second heat
treatment (post-bake). Through such heat treatments, the
polyamic acid was imidized, whereby the first alignment
layer 112 containing the first polyimide p1 was formed.
[0190] Next, the second alighment layer material was
applied on the first alignment layer 112. The application of the
second alignment layer material was performed by a printing
technique, ink jet technique, or spin coating technique. As a
first heat treatment (pre-bake), one minute of heating was
conducted at 90° C. to remove the solvent to a certain extent.
Thereafter, obliquely from a 40° direction with respect to the
normal direction of a principal face of the first alignment film
110, P-polarized light with a peak wavelength of 330 nm was
radiated at 50 mJ/cm?, thus performing a photo-alignment
treatment. Furthermore, as a second heat treatment (post-
bake), 40 minutes of heating was conducted at 150° C.
Through such heat treatments, the second alignment layer
114 containing the second polyimide p2, into which the
polyamic acid had imidized, and the polymerization product
po, into which the polyfunctional monomer had polymerized,
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was formed. In this manner, the first alignment film 110 was
formed on the pixel electrodes 224.

[0191] Similarly, the two aforementioned alignment layer
materials were applied to form the second alignment film 120
including the first alignment layer 122 and the second align-
ment layer 124 on the counter electrode 244, and a photo-
alignment treatment was performed. An analysis of the first
and second alignment films 110 and 120 indicated that the
polymerization product po, into which biphenyldimethacry-
late had polymerized, existed only in the second alignment
layers 114 and 124, and not in the first alignment layers 112
and 122.

[0192] Next, the active matrix substrate 220 and the counter
substrate 240 were attached together so that the first align-
ment film 110 and the second alignment film 120 opposed
each other and that the angle between the alignment treatment
direction of the first alignment film and the alignment treat-
ment direction of the second alignment film was 90°, and
fixed so that the interspace between the active matrix sub-
strate 220 and the counter substrate 240 was about 4 um.
[0193] Next, a nematic liquid crystal material having nega-
tive dielectric anisotropy was provided, which was intro-
duced between the active matrix substrate 220 and the counter
substrate 240. The liquid crystal material had a dielectric
anisotropy A€ of -3, and a birefringence An of 0.085. The
liquid crystal molecules 262 had a pretilt angle of 87.5°.
[0194] The active matrix substrate 220 and the counter
substrate 240 were attached together so that the angle
between the alignment treatment direction PD1 of the first
alignment film 110 and the alignment treatment direction
PD3 of the second alignment film 120 was 90°, and the liquid
crystal molecules 262 had a twist angle of 90°. Herein, the
polarization axis of the polarizer of the active matrix substrate
220 was parallel to the alignment treatment direction of the
first alignment film 110, and the polarization axis of the
polarizer of the counter substrate 240 was parallel to the
alignment treatment direction of the second alignment film
120. Thus, a liquid crystal panel was produced.

[0195] Next, the resultant liquid crystal panel was sub-
jected to a power-on test of continuously applying voltage of
+10 V for 50 hours at room temperature, and thereafter an
amount of change in the tilt angle was measured, which
indicated that the amount of change in the pretilt angle was
0.02°. A voltage holding ratio measured after finishing the
power-on test was 99.5% or more, indicative that powering
had been sufficiently conducted. A voltage holding ratio
which was measured after storing this liquid crystal panel in
anoven at 70° C. for 1000 h was 99.5% or more. The residual
DC voltage was 50 mV or less, which is sufficiently low. The
liquid crystal panel thus produced showed no image sticking.

Comparative Example 1-1

[0196] Hereinafter, alignment films and a liquid crystal
display device of Comparative Example 1-1 will be
described. The liquid crystal display device of Comparative
Example 1-1 also operates in the RTN mode. Herein, the
method of forming the active matrix substrate of the liquid
crystal display device of Comparative Example 1-1 will be
described with reference to FIG. 7.

[0197] First, on aprincipal face of a first insulative substrate
822 shown in FIG. 7(a), although not shown in FIG. 7, TFTs
and wiring lines connected to the TFTs, and an insulating
layer and the like were formed, upon which the pixel elec-
trodes were formed. Similarly, although not shown in FIG. 7,
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on a principal face of a second insulative substrate, a colored
layer having color filters, and an insulating layer, and the like
were formed, upon which the counter electrode was formed.

[0198] Next, two alignment layer materials were prepared.
The first alignment layer material was obtained by allowing
the precursor (polyamic acid) of the first polyimide repre-
sented by structural formula (2xa') to be dissolved in a sol-
vent. The second alignment layer material was obtained by
allowing the precursor (polyamic acid) of the second polyim-
ide represented by structural formula (3a') to be dissolved in
a solvent, and thereafter further allowing a polyfunctional
monomer to be dissolved therein. The precursor of the second
polyimide had a cinnamate group in its side chain. The poly-
functional monomer was biphenyldimethacrylate. The con-
centration of the polyfunctional monomer on the basis of the
second alignment layer material was 10 wt %.

[0199] Thefirstalignment layer material was applied on the
pixel electrodes. The application of the first alignment layer
material was performed by a printing technique, ink jet tech-
nique, or spin coating technique. As a first heat treatment
(pre-bake), one minute of heating was conducted at 90° C. to
remove the solvent to a certain extent, thereby forming a first
alignment layer 702 shown in FIG. 7(b).

[0200] Next, as shown in FIG. 7(c), the second alignment
layer material was applied onto the first alignment layer 702
through a nozzle. The application of the second alignment
layer material was performed by a printing technique, ink jet
technique, or spin coating technique. As a first heat treatment
(pre-bake), one minute of heating was conducted at 90° C. to
remove the solvent to a certain extent; and furthermore, 40
minutes of heating was conducted at 200° C. as a second heat
treatment (post-bake). Through such heat treatments, as
shown in FIG. 7(d), a mixed layer 705 was formed, such that
the first polyimide, the second polyimide into which the
polyamic acid had imidized, and the polymerization product
into which the polyfunctional monomer had polymerized
were mixed in the mixed layer 705. Thus, the first alignment
film was formed on the pixel electrodes. Thereafter, obliquely
from a 40° direction with respect to the normal direction of a
principal face of the first alignment film 110, P-polarized light
with a peak wavelength of 330 nm was radiated at 50 mJ/cm?,
thus performing a photo-alignment treatment.

[0201] Similarly, the two aforementioned alignment layer
materials were applied to form the second alignment film on
the counter electrode, and a photo-alignment treatment was
performed. An analysis of the first and second alignment films
indicated that each had become a single layer of the mixed
first alignment layer material and second alignment layer
material, such that the polymerization product into which
biphenyldimethacrylate had polymerized was present
throughout the entire alignment film.

[0202] Next, the active matrix substrate and the counter
substrate were attached together so that the first alignment
film and the second alignment film opposed each other and
that the angle between the alignment treatment direction of
the first alignment film and the alignment treatment direction
of the second alignment film was 90°, and fixed so that the
interspace between the active matrix substrate and the counter
substrate was about 4 pm.

[0203] Next, a nematic liquid crystal material having nega-
tive dielectric anisotropy was provided, which was intro-
duced between the active matrix substrate and the counter
substrate. The liquid crystal material had a dielectric anisot-
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ropy A€ of -3, and a birefringence An of 0.085. The liquid
crystal molecules had a pretilt angle of 88.2°.

[0204] The active matrix substrate and the counter substrate
were attached together so that the angle between the align-
ment treatment direction of the first alignment film and the
alignment treatment direction of the second alignment film
was 90°, and the liquid crystal molecules had, a twist angle of
90°. Herein, the polarization axis of the polarizer of the active
matrix substrate was parallel to the alignment treatment
direction of the first alignment film, and the polarization axis
of the polarizer of the counter substrate was parallel to the
alignment treatment direction of the second alignment film.
Thus, a liquid crystal panel was produced.

[0205] Next, the resultant liquid crystal panel was sub-
jected to a power-on test of continuously applying a voltage of
+10 V for 50 hours at room temperature, and thereafter an
amount of change in the tilt angle was measured, which
indicated that the amount of change in the pretilt angle was
0.16°. A voltage holding ratio measured after finishing the
power-on test was 99.5% or more, indicative that powering
had been sufficiently conducted. A voltage holding ratio
which was measured after storing this liquid crystal panel in
anoven at 70° C. for 1000 h was 99.5% or more. The residual
DC voltage was 50 mV or less, which is sufficiently low. The
liquid crystal panel thus produced showed image sticking.
[0206] InComparative Example 1-1, since a post-bake was
not performed after the formation of the first alignment layer,
presumably imidization did not occur and the first alignment
layer was dissolved with application of the second alignment
layer material, and hence no double-layered alignment film
was formed. Moreover, the biphenyldimethacrylate mono-
mer which was contained in the solution of the second align-
ment layer material also entered into the interior of the first
alignment layer upon mixing of the second alignment layer
material with the first alignment layer, as a result of which the
surface distribution density of the polymerization product
was lowered.

Comparative Example 1-2

[0207] Hereinafter, alignment films and a liquid crystal
display device of Comparative Example 1-2 will be
described. FIG. 7 will again be referred to in the description.
The liquid crystal display device of Comparative Example
1-2 also operates in the RTN mode.

[0208] First, on a principal face of the first insulative sub-
strate 822 shown in FIG. 7(a), although not shown in FIG. 7,
TFTs and wiring lines connected to the TFTs, and an insulat-
ing layer and the like were formed, upon which the pixel
electrodes were formed. Similarly, on a principal face of a
second insulative substrate, although not shown in the figures,
acolored layer having color filters, and an insulating layer and
the like were formed, upon which the counter electrode was
formed.

[0209] Next, two alignment layer materials were prepared.
The first alignment layer material was obtained by allowing
the precursor (polyamic acid) of the first polyimide repre-
sented by structural formula (2xa") to be dissolved in a sol-
vent. The second alignment layer material was obtained by
allowing the precursor (polyamic acid) of the second polyim-
ide represented by structural formula (3a') to be dissolved in
a solvent, and thereafter further allowing a polyfunctional
monomer to be dissolved therein. The precursor of the second
polyimide had a cinnamate group in its side chain. The poly-
functional monomer was biphenyldimethacrylate. The con-
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centration of the polyfunctional monomer on the basis of the
second alignment layer material was 10 wt %.

[0210] Thefirstalignment layer material was applied on the
pixel electrodes. The application of the first alignment layer
material was performed by a printing technique, ink jet tech-
nique, or spin coating technique. As a first heat treatment
(pre-bake), one minute of heating was conducted at 90° C. to
remove the solvent to a certain extent, thereby forming a first
alignment layer 702 shown in FIG. 7(5).

[0211] Next, as shown in FIG. 7(c), the second alignment
layer material was applied onto the first alignment layer 702
through a nozzle. The application of the second alignment
layer material was performed by a printing technique, ink jet
technique, or spin coating technique. As a first heat treatment
(pre-bake), one minute of heating was conducted at 90° C. to
remove the solvent to a certain extent. Thereafter, obliquely
from a 40° direction with respect to the normal direction of a
principal face of the first alignment film, P-polarized light
with a peak wavelength of 330 nm was radiated at 50 mJ/cm?,
thus performing a photo-alignment treatment. Furthermore,
as a second heat treatment (post-bake), 40 minutes of heating
was conducted at 150° C. Through such heat treatments, as
shown in FIG. 7(d), a mixed layer 705 was formed, such that
the first polyimide, the second polyimide into which the
polyamic acid had imidized, and the polymerization product
into which the polyfunctional monomer had polymerized
were mixed in the mixed layer 705. Thus, the first alignment
film was formed.

[0212] Similarly, the two aforementioned alignment layer
materials were applied to form the second alignment film on
the counter electrode, and a photo-alignment treatment was
performed. An analysis of the first and second alignment films
indicated that each had become a single layer of the mixed
first alignment layer material and second alignment layer
material, such that the polymerization product into which
biphenyldimethacrylate had polymerized was present
throughout the entire alignment film.

[0213] Next, the active matrix substrate and the counter
substrate were attached together so that the first alignment
film and the second alignment film opposed each other and
that the angle between the alignment treatment direction of
the first alignment film and the alignment treatment direction
of the second alignment film was 90°, and fixed so that the
interspace between the active matrix substrate and the counter
substrate was about 4 pm.

[0214] Next, a nematic liquid crystal material having nega-
tive dielectric anisotropy was provided, which was intro-
duced between the active matrix substrate and the counter
substrate. The liquid crystal material had a dielectric anisot-
ropy A€ of -3, and a birefringence An of 0.085. The liquid
crystal molecules had a pretilt angle of 88.5°.

[0215] Theactive matrix substrate and the counter substrate
were attached together so that the angle between the align-
ment treatment direction of the first alignment film and the
alignment treatment direction of the second alignment film
was 90°, and the liquid crystal molecules had a twist angle of
90°. Herein, the polarization axis of the polarizer of the active
matrix substrate was parallel to the alignment treatment
direction of the first alignment film, and the polarization axis
of the polarizer of the counter substrate was parallel to the
alignment treatment direction of the second alignment film.
Thus, a liquid crystal panel was produced.

[0216] Next, the resultant liquid crystal panel was sub-
jected to a power-on test of continuously applying a voltage of
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=10 V for 50 hours at room temperature, and thereafter an
amount of change in the tilt angle was measured, which
indicated that the amount of change in the pretilt angle was
0.16°. A voltage holding ratio measured after finishing the
power-on test was 99.5% or more, indicative that powering
had been sufficiently conducted. A voltage holding ratio
which was measured after storing this liquid crystal panel in
anoven at 70° C. for 1000 h was 99.5% or more. The residual
DC voltage was 50 mV or less, which is sufficiently low. The
liquid crystal panel thus produced showed image sticking.
[0217] Similarly to Comparative Example 1-1, itis presum-
able that, since thermal imidization of the first alignment
layer did not occur, the first alignment layer was dissolved
upon application of the solution of the second alignment layer
material, so that no double-layered alignment film was
formed. Moreover, the biphenyldimethacrylate monomer
which was contained in the solution of the second alignment
layer material also entered into the interior of the first align-
ment layer upon mixing of the second alignment layer mate-
rial with the first alignment layer, as a result of which the
surface distribution density of the polymerization product
was lowered.

Comparative Example 1-3

[0218] Hereinafter, alignment films and a liquid crystal
display device of Comparative Example 1-3 will be
described. The liquid crystal display device of Comparative
Example 1-3 also operates in the RTN mode.

[0219] First, on a principal face of the first insulative sub-
strate, although not shown in the figures, TFTs and wiring
lines connected to the TFTs, and an insulating layer and the
like were formed, upon which the pixel electrodes were
formed. Similarly, on a principal face of a second insulative
substrate, although not shown in the figures, a colored layer
having color filters, and an insulating layer and the like were
formed, upon which the counter electrode was formed.
[0220] One alignment layer material was provided herein.
The alignment layer material was obtained by allowing the
precursor (polyamic acid) of the first polyimide represented
by structural formula (2xa') and the precursor (polyamic acid)
of the second polyimide represented by structural formula
(3a") to be dissolved in a solvent. No polyfunctional monomer
was mixed in the alignment layer material.

[0221] The alignment layer material was applied on the
pixel electrodes. The application of the alignment layer mate-
rial was performed by a printing technique, ink jet technique,
or spin coating technique. As a first heat treatment (pre-bake),
one minute of heating was conducted at 90° C. to remove the
solvent to a certain extent; and furthermore, 40 minutes of
heating was conducted at 200° C. as a second heat treatment
(post-bake). Through such heat treatments, an alignment film
containing polyimide, into which the polyamic acid had imi-
dized, was formed. Thereafter, obliquely from a 40° direction
with respect to the normal direction of a principal face of the
first alignment film, P-polarized light with a peak wavelength
of 330 nm was radiated at 50 mJ/cm?, thus performing a
photo-alignment treatment.

[0222] Similarly, the aforementioned alignment layer
material was applied to form a second alignment film on the
counter electrode, and a photo-alignment treatment was per-
formed.

[0223] Next, the active matrix substrate and the counter
substrate were attached together so that the first alignment
film and the second alignment film opposed each other and
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that the angle between the alignment treatment direction of
the first alignment film and the alignment treatment direction
of the second alignment film was 90°, and fixed so that the
interspace between the active matrix substrate and the counter
substrate was about 4 um.

[0224] Next, biphenyldimethacrylate was mixed in a nem-
atic liquid crystal material having negative dielectric anisot-
ropy, and this was introduced between the active matrix sub-
strate and the counter substrate. The liquid crystal material
had a dielectric anisotropy A€ of -3, and a birefringence An
0f 0.085. The liquid crystal molecules had a pretilt angle of
88.5°.

[0225] Next, by radiating ultraviolet light with a peak
wavelength of 365 nm for 4 hours at an intensity of 15
mW/cm?, polymerization of the biphenyldimethacrylate was
effected.

[0226] Theactive matrix substrate and the counter substrate
were attached together so that the angle between the align-
ment treatment direction of the first alignment film and the
alignment treatment direction of the second alignment film
was 90°, and the liquid crystal molecules had a twist angle of
90°. Herein, the polarization axis of the polarizer of the active
matrix substrate was parallel to the alignment treatment
direction of the first alignment film, and the polarization axis
of the polarizer of the counter substrate was parallel to the
alignment treatment direction of the second alignment film.
Thus, a liquid crystal panel was produced.

[0227] Next, the resultant liquid crystal panel was sub-
jected to a power-on test of continuously applying a voltage of
10 V for 50 hours at room temperature, and thereafter an
amount of change in the tilt angle was measured, which
indicated that the amount of change in the pretilt angle was
0.03°. A voltage holding ratio measured after finishing the
power-on test was 98.5% or more, indicative that powering
had been sufficiently conducted. A voltage holding ratio
which was measured after storing this liquid crystal panel in
an oven at 70° C. for 1000 h was decreased to 96.0%, and the
residual DC voltage was increased to 100 mV. The decrease in
the voltage holding ratio and the increase in the residual DC
voltage are ascribable to the unpolymerized residual mono-
mer. Moreover, the liquid crystal panel thus produced showed
image sticking. This is presumably because the voltage hold-
ing ratio is low and the residual DC voltage is large.

Comparative Example 1-4

[0228] Hereinafter, alignment films and a liquid crystal
display device of Comparative Example 1-4 will be
described. The liquid crystal display device of Comparative
Example 1-4 also operates in the RTN mode. Comparative
Example 1-4 is similar to the above-described Comparative
Example 1-3 except that 2,6-naphthyldimethacrylate was
mixed in the alignment layer material as a polyfunctional
monomer. The resultant liquid crystal panel had a pretilt angle
of 88.6°.

[0229] Next, the resultant liquid crystal panel was sub-
jected to a power-on test of continuously applying a voltage of
+10 V for 50 hours at room temperature, and thereafter an
amount of change in the tilt angle was measured, which
indicated that the amount of change in the pretilt angle was
0.04°. A voltage holding ratio measured after finishing the
power-on test was 98.5% or more, indicative that powering
had been sufficiently conducted. A voltage holding ratio
which was measured after storing this liquid crystal panel in
an oven at 70° C. for 1000 h was decreased to 96.0%, and the
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residual DC voltage was increased to 100 mV. The decrease in
the voltage holding ratio and the increase in the residual DC
voltage are ascribable to the unpolymerized residual mono-
mer. Moreover, the liquid crystal panel thus produced showed
image sticking. This is presumably because the voltage hold-
ing ratio is low and the residual DC voltage is large.

Comparative Example 1-5

[0230] Hereinafter, alignment films and a liquid crystal
display device of Comparative Example 1-5 will be
described. The liquid crystal display device of Comparative
Example 1-5 also operates in the RTN mode.

[0231] First, on a principal face of the first insulative sub-
strate, although not shown in the figures, TFTs and wiring
lines connected to the TFTs, and an insulating layer and the
like were formed, upon which the pixel electrodes were
formed. Similarly, on a principal face a second insulative
substrate, although not shown in the figures, a colored layer
having color filters, and an insulating layer and the like were
formed, upon which the counter electrode was formed.
[0232] One alignment layer material was provided herein.
The alignment layer material was obtained by allowing the
precursor (polyamic acid) of the first polyimide represented
by structural formula (2xa') and the precursor (polyamic acid)
of the second polyimide represented by structural formula
(3a") to be dissolved in a solvent, to which biphe-
nyldimethacrylate was further mixed as a polyfunctional
monomer. The concentration of biphenyldimethacrylate on
the basis of the alignment layer material was 10 wt %.
[0233] The alignment layer material was applied on the
pixel electrodes. The application of the alignment layer mate-
rial was performed by a printing technique, ink jet technique,
or spin coating technique. As a first heat treatment (pre-bake),
one minute of heating was conducted at 90° C. to remove the
solvent to a certain extent; and furthermore, 40 minutes of
heating was conducted at 200° C. as a second heat treatment
(post-bake). Through such heat treatments, an alignment film
containing the polyimide into which the polyamic acid had
imidized and the polymerization product into which the
biphenyldimethacrylate had polymerized was formed.
[0234] Thereafter, obliquely from a 40° direction with
respect to the normal direction of a principal face of the first
alignment film, P-polarized light with a peak wavelength of
330 nm was radiated at 50 mJ/cm?, thus performing a photo-
alignment treatment.

[0235] Similarly, the aforementioned alignment layer
material was applied to form a second alignment film on the
counter electrode, and a photo-alignment treatment was per-
formed. An analysis of the first and second alignment films
indicated that the first alignment layer and the second align-
ment layer had mixed into a single layer, such that the poly-
merization product into which the biphenyldimethacrylate
had polymerized was present throughout the entire alignment
film.

[0236] Next, the active matrix substrate and the counter
substrate were attached together so that the first alignment
film and the second alignment film opposed each other and
that the angle between the alignment treatment direction of
the first alignment film and the alignment treatment direction
of the second alignment film was 90°, and fixed so that the
interspace between the active matrix substrate and the counter
substrate was about 4 pm.

[0237] Next, biphenyldimethacrylate was mixed in a nem-
atic liquid crystal material having negative dielectric anisot-
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ropy, and this was introduced between the active matrix sub-
strate and the counter substrate. The liquid crystal material
had a dielectric anisotropy A€ of -3, and a birefringence An
0f 0.085. The liquid crystal molecules had a pretilt angle of
88.4°.

[0238] Theactive matrix substrate and the counter substrate
were attached together so that the angle between the align-
ment treatment direction of the first alignment film and the
alignment treatment direction of the second alignment film
was 90°, and the liquid crystal molecules had a twist angle of
90°. Herein, the polarization axis of the polarizer of the active
matrix substrate was parallel to the alignment treatment
direction of the first alignment film, and the polarization axis
of the polarizer of the counter substrate was parallel to the
alignment treatment direction of the second alignment film.
Thus, a liquid crystal panel was produced.

[0239] Next, the resultant liquid crystal panel was sub-
jected to a power-on test of continuously applying a voltage of
+10 V for 50 hours at room temperature, and thereafter an
amount of change in the tilt angle was measured, which
indicated that the amount of change in the pretilt angle was
0.17°. A voltage holding ratio measured after finishing the
power-on test was 99.5% or more, indicative that powering
had been sufficiently conducted. A voltage holding ratio
which was measured after storing this liquid crystal panel in
an oven at 70° C. for 1000 h was 99.5% or more. The residual
DC voltage was 50 mV or less, which is sufficiently low.
[0240] The liquid crystal panel thus produced showed
image sticking. This is presumably because the alignment
film was not double-layered, so that the polymerization prod-
uct present on the surface of the alignment film had a low
concentration and the pretilt angle varied by 0.1° or more.

Example 2

[0241] Hereinafter, with reference to FI1G. 2, F1G. 3, FIG. 4,
and FIG. 6, alignment films and a liquid crystal display device
of Example 2 will be described. The liquid crystal display
device of Example 2 also operates in the RTN mode.

[0242] First, on a principal face of the first insulative sub-
strate 222, although not shown in the figures, TFTs and wiring
lines connected to the TFTs, and an insulating layer and the
like were formed, upon which the pixel electrodes 224 were
formed. Similarly, on a principal face of the second insulative
substrate 242, although not shown in the figures, a colored
layer having color filters, and an insulating layer and the like
were formed, upon which the counter electrode 244 was
formed.

[0243] Next, two alignment layer materials were prepared.
The first alignment layer material was obtained by allowing
the precursor (polyamic acid) of the first polyimide p1 repre-
sented by structural formula (2xa") to be dissolved in a sol-
vent. The second alignment layer material was obtained by
allowing a precursor (polyamic acid) of the second polyimide
p2 to be dissolved in a solvent, and thereafter further allowing
a polyfunctional monomer to be dissolved therein. The pre-
cursor of the second polyimide p2 was a polyamic acid
(AL60101 manufactured by JSR Corporation) having a ver-
tical alignment group in its side chain. The polyfunctional
monomer was biphenyldimethacrylate. The concentration of
the polyfunctional monomer on the basis of the second align-
ment layer material was 10 wt %.

[0244] Thefirstalignment layer material was applied on the
pixel electrodes 224. The application of the first alignment
layer material was performed by a printing technique, ink jet

Sep. 29, 2011

technique, or spin coating technique. As a first heat treatment
(pre-bake), one minute of heating was conducted at 90° C. to
remove the solvent to a certain extent; and furthermore, 40
minutes of heating was conducted at 200° C. as a second heat
treatment (post-bake). Through such heat treatments, the
polyamic acid was imidized, whereby the first alignment
layer 112 containing the first polyimide p1 was formed.
[0245] Next, the second alignment layer material was
applied on the first alignment layer 112. The application of the
second alignment layer material was performed by a printing
technique, ink jet technique, or spin coating technique. As a
first heat treatment (pre-bake), one minute of heating was
conducted at 90° C. to remove the solvent to a certain extent;
and furthermore, 40 minutes of heating was conducted at
200° C. as a second heat treatment (post-bake). Through such
heat treatments, the second alignment layer 114 containing
the second polyimide p2, into which the polyamic acid had
imidized, and the polymerization product po, into which the
polyfunctional monomer had polymerized, was formed. In
this manner, the first alignment film 110 was formed on the
pixel electrodes 224. Thereafter, an ion beam was radiated
obliquely from a 40° direction with respect to the normal
direction of a principal face of the first alignment film 110,
thereby performing an alignment treatment.

[0246] Similarly, the two aforementioned alignment layer
materials were applied to form the second alignment film 120
including the first alignment layer 122 and the second align-
ment layer 124 on the counter electrode 244, and an align-
ment treatment was performed via ion beam irradiation. An
analysis of the first and second alignment films 110 and 120
indicated that the polymerization product po, into which
biphenyldimethacrylate had polymerized, existed only in the
second alignment layers 114 and 124, and not in the first
alignment layers 112 and 122.

[0247] Next, the active matrix substrate 220 and the counter
substrate 240 were attached together so that the first align-
ment film 110 and the second alignment film 120 opposed
each other and that the angle between the alignment treatment
direction of the first alignment film and the alignment treat-
ment direction of the second alignment film was 90°, and
fixed so that the interspace between the active matrix sub-
strate 220 and the counter substrate 240 was about 4 pm.
[0248] Next, a nematic liquid crystal material having nega-
tive dielectric anisotropy was provided, which was intro-
duced between the active matrix substrate 220 and the counter
substrate 240. The liquid crystal material had a dielectric
anisotropy A€ of -3, and a birefringence An of 0.085. The
liquid crystal molecules 262 had a pretilt angle of 86.0°.
[0249] The active matrix substrate 220 and the counter
substrate 240 were attached together so that the angle
between the alignment treatment direction PD1 of the first
alignment film 110 and the alignment treatment direction
PD3 of the second alignment film 120 was 90°, and the liquid
crystal molecules 262 had a twist angle of 90°. Herein, the
polarization axis of the polarizer of the active matrix substrate
220 was parallel to the alignment treatment direction of the
first alignment film 110, and the polarization axis of the
polarizer of the counter substrate 240 was parallel to the
alignment treatment direction of the second alignment film
120. Thus, a liquid crystal panel was produced.

[0250] Next, the resultant liquid crystal panel was sub-
jected to a power-on test of continuously applying a voltage of
+10 V for 50 hours at room temperature, and thereafter an
amount of change in the tilt angle was measured, which
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indicated that the amount of change in the pretilt angle was
0.03°. A voltage holding ratio measured after finishing the
power-on test was 99.5% or more, indicative that powering
had been sufficiently conducted. A voltage holding ratio
which was measured after storing this liquid crystal panel in
an oven at 70° C. for 1000 h was 99.5% or more. The residual
DC voltage was 50 mV or less, which is sufficiently low. The
liquid crystal panel thus produced showed no image sticking.

Comparative Example 2

[0251] Hereinafter, alignment films and a liquid crystal
display device of Comparative Example 2 will be described.
The liquid crystal display device of Comparative Example 2
also operates in the RTN mode.

[0252] First, on a principal face of the first insulative sub-
strate, although not shown in the figures, TFTs and wiring
lines connected to the TFTs, and an insulating layer and the
like were formed, upon which the pixel electrodes were
formed. Similarly, on a principal face of a second insulative
substrate, although not shown in the figures, a colored layer
having color filters, and an insulating layer and the like were
formed, upon which the counter electrode was formed.
[0253] Next, two alignment layer materials were prepared.
The first alignment layer material was obtained by allowing
the precursor (polyamic acid) of the first polyimide repre-
sented by structural formula (2xa') to be dissolved in a sol-
vent. The second alignment layer material was obtained by
allowing a precursor (polyamic acid) of the second polyimide
to be dissolved in a solvent, and thereafter further allowing a
polyfunctional monomer to be dissolved therein. The precur-
sor of the second polyimide had a vertical alignment group in
its side chain (AL60101 manufactured by JSR Corporation).
The polyfunctional monomer was biphenyldimethacrylate.
The concentration of the polyfunctional monomer on the
basis of the second alignment layer material was 10 wt %.
[0254] The first alignment layer material was applied on the
pixel electrodes. The application of the first alignment layer
material was performed by a printing technique, ink jet tech-
nique, or spin coating technique. As a first heat treatment
(pre-bake), one minute of heating was conducted at 90° C. to
remove the solvent to a certain extent, thereby forming the
first alignment layer.

[0255] Next, the second alighment layer material was
applied on the first alignment layer. The application of the
second alignment layer material was performed by a printing
technique, ink jet technique, or spin coating technique. As a
first heat treatment (pre-bake), one minute of heating was
conducted at 90° C. to remove the solvent to a certain extent;
and furthermore, 40 minutes of heating was conducted at
200° C. as a second heat treatment (post-bake). Through such
heat treatments, the second alignment layer including the
second polyimide into which the polyamic acid had imidized
and the polymerization product into which the polyfunctional
monomer had polymerized was formed. Thus, the first align-
ment film was formed on the pixel electrodes. Thereafter, an
ion beam was radiated obliquely from a 40° direction with
respect to the normal direction of a principal face of the first
alignment, thereby performing a photo-alignment treatment.
[0256] Similarly, the two aforementioned alignment layer
materials were applied to form the second alignment film
including the first alignment layer and the second alignment
layer on the counter electrode, and an alignment treatment
with an ion beam was performed. An analysis of the first and
second alignment films indicated that the first polyimide and
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the second polyimide had mixed into a single layer, such that
the polymerization product into which the biphe-
nyldimethacrylate had polymerized was present throughout
the entire alignment film.

[0257] Next, the active matrix substrate and the counter
substrate were attached together so that the first alignment
film and the second alignment film opposed each other and
that the angle between the alignment treatment direction of
the first alignment film and the alignment treatment direction
of the second alignment film was 90°, and fixed so that the
interspace between the active matrix substrate and the counter
substrate was about 4 pm.

[0258] Next, a nematic liquid crystal material having nega-
tive dielectric anisotropy was provided, which was intro-
duced between the active matrix substrate and the counter
substrate. The liquid crystal material had a dielectric anisot-
ropy A€ of -3, and a birefringence An of 0.085. The liquid
crystal molecules had a pretilt angle of 86.2°.

[0259] The active matrix substrate and the counter substrate
were attached together so that the angle between the align-
ment treatment direction of the first alignment film and the
alignment treatment direction of the second alignment film
was 90°, and the liquid crystal molecules had a twist angle of
90°. Herein, the polarization axis of the polarizer of the active
matrix substrate was parallel to the alignment treatment
direction of the first alignment film, and the polarization axis
of the polarizer of the counter substrate was parallel to the
alignment treatment direction of the second alignment film.
Thus, a liquid crystal panel was produced.

[0260] Next, the resultant liquid crystal panel was sub-
jected to a power-on test of continuously applying a voltage of
+10 V for 50 hours at room temperature, and thereafter an
amount of change in the tilt angle was measured, which
indicated that the amount of change in the pretilt angle was
0.19°. A voltage holding ratio measured after finishing the
power-on test was 99.5% or more, indicative that powering
had been sufficiently conducted. A voltage holding ratio
which was measured after storing this liquid crystal panel in
anoven at 70° C. for 1000 h was 99.5% or more. The residual
DC voltage was 50 mV or less, which is sufficiently low. The
liquid crystal panel thus produced showed image sticking.
[0261] In Comparative Example 1-1, as in 1-2, since a
post-bake was not performed after the formation of the first
alignment layer, presumably imidization did not occur and
the first alignment layer was dissolved with application of the
second alignment layer material, and hence no double-lay-
ered alignment film was formed. Moreover, the biphe-
nyldimethacrylate monomer which was contained in the solu-
tion of the second alignment layer material also entered into
the interior of the first alignment layer upon mixing of the
second alignment layer material with the first alignment
layer, as a result of which the surface distribution density of
the polymerization product was lowered.

Example 3

[0262] Hereinafter, with reference to FIG. 2, F1G. 3, F1G. 4,
and FIG. 6, alignment films and a liquid crystal display device
of Example 3 will be described. The liquid crystal display
device of Example 3 also operates in the RTN mode.

[0263] First, on a principal face of the first insulative sub-
strate 222, although not shown in the figures, TFT's and wiring
lines connected to the TFTs, and an insulating layer and the
like were formed, upon which the pixel electrodes 224 were
formed. Similarly, on a principal face of the second insulative
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substrate 242, although not shown in the figures, a colored
layer having color filters, and an insulating layer and the like
were formed, upon which the counter electrode 244 was
formed.

[0264] Next, two alignment layer materials were prepared.
The first alignment layer material was obtained by allowing
the precursor (polyamic acid) of the first polyimide p1 repre-
sented by structural formula (2xa") to be dissolved in a sol-
vent. The second alignment layer material was obtained by
allowing a precursor (polyamic acid) of the second polyimide
p2to be dissolved in a solvent, and thereafter further allowing
a polyfunctional monomer to be dissolved therein. The pre-
cursor of the second polyimide p2 was a polyamic acid
(AL60101 manufactured by JSR Corporation) having a ver-
tical alignment group in its side chain. The polyfunctional
monomer was biphenyldimethacrylate. The concentration of
the polyfunctional monomer on the basis of the second align-
ment layer material was 10 wt %.

[0265] Thefirstalignment layer material was applied on the
pixel electrodes 224. The application of the first alignment
layer material was performed by a printing technique, ink jet
technique, or spin coating technique. As a first heat treatment
(pre-bake), one minute of heating was conducted at 90° C. to
remove the solvent to a certain extent; and furthermore, 40
minutes of heating was conducted at 200° C. as a second heat
treatment (post-bake). Through such heat treatments, the
polyamic acid was imidized, whereby the first alignment
layer 112 containing the first polyimide p1 was formed.
[0266] Next, the second alignment layer material was
applied on the first alignment layer 112. The application of the
second alignment layer material was performed by a printing
technique, ink technique, or spin coating technique. As a first
heat treatment (pre-bake), one minute of heating was con-
ducted at 90° C. to remove the solvent to a certain extent; and
furthermore, 40 minutes of heating was conducted at 200° C.
as a second heat treatment (post-bake). Through such heat
treatments, the second alignment layer 114 containing the
second polyimide p2, into which the polyamic acid had imi-
dized, and the polymerization product po, into which the
polyfunctional monomer had polymerized, was formed. In
this manner, the first alignment film 110 was formed on the
pixel electrodes 224. Thereafter, a principal face of the first
alignment film 110 was subjected to a rubbing treatment.
[0267] Similarly, the two aforementioned alignment layer
materials were applied to form the second alignment film 120
including the first alignment layer 122 and the second align-
ment layer 124 on the counter electrode 244, and a rubbing
treatment was performed. An analysis of the first and second
alignment films 110 and 120 indicated that the polymeriza-
tion product po, into which biphenyldimethacrylate had poly-
merized, existed only in the second alignment layers 114 and
124, and not in the first alignment layers 112 and 122.
[0268] Next, the active matrix substrate 220 and the counter
substrate 240 were attached together so that the first align-
ment film 110 and the second alignment film 120 opposed
each other and that the angle between the alignment treatment
direction of the first alignment film and the alignment treat-
ment direction of the second alignment film was 90°, and
fixed so that the interspace between the active matrix sub-
strate 220 and the counter substrate 240 was about 4 um.
[0269] Next, a nematic liquid crystal material having nega-
tive dielectric anisotropy was provided, which was intro-
duced between the active matrix substrate 220 and the counter
substrate 240. The liquid crystal material had a dielectric
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anisotropy A€ of -3, and a birefringence An of 0.085. The
liquid crystal molecules 262 had a pretilt angle of 85.9°.
[0270] The active matrix substrate 220 and the counter
substrate 240 were attached together so that the angle
between the alignment treatment direction PD1 of the first
alignment film 110 and the alignment treatment direction
PD3 of the second alignment film 120 was 90°, and the liquid
crystal molecules 262 had a twist angle of 90°. Herein, the
polarization axis of the polarizer of the active matrix substrate
220 was parallel to the alignment treatment direction of the
first alignment film 110, and the polarization axis of the
polarizer of the counter substrate 240 was parallel to the
alignment treatment direction of the second alignment film
120. Thus, a liquid crystal panel was produced.

[0271] Next, the resultant liquid crystal panel was sub-
jected to a power-on test of continuously applying a voltage of
=10 V for 50 hours at room temperature, and thereafter an
amount of change in the tilt angle was measured, which
indicated that the amount of change in the pretilt angle was
0.03°. A voltage holding ratio measured after finishing the
power-on test was 99.5% or more, indicative that powering
had been sufficiently conducted. A voltage holding ratio
which was measured after storing this liquid crystal panel in
anoven at 70° C. for 1000 h was 99.5% or more. The residual
DC voltage was 50 mV or less, which is sufficiently low. The
liquid crystal panel thus produced showed no image sticking.

Comparative Example 3

[0272] Hereinafter, alignment films and a liquid crystal
display device of Comparative Example 3 will be described.
The liquid crystal display device of Comparative Example 3
also operates in the RTN mode.

[0273] First, on a principal face of the first insulative sub-
strate, although not shown in the figures, TFTs and wiring
lines connected to the TFTs, and an insulating layer and the
like were formed, upon which the pixel electrodes were
formed. Similarly, on a principal face of a second insulative
substrate, although not shown in the figures, a colored layer
having color filters, and an insulating layer and the like were
formed, upon which the counter electrode was formed.
[0274] Next, two alignment layer materials were prepared.
The first alignment layer material was obtained by allowing
the precursor (polyamic acid) of the first polyimide repre-
sented by structural formula (2xa") to be dissolved in a sol-
vent. The second alignment layer material was obtained by
allowing a precursor (polyamic acid) of the second polyimide
to be dissolved in a solvent, and thereafter further allowing a
polyfunctional monomer to be dissolved therein. The precur-
sor of the second polyimide had a vertical alignment group in
its side chain (AL60101 manufactured by JSR Corporation).
The polyfunctional monomer was biphenyldimethacrylate.
The concentration of the polyfunctional monomer on the
basis of the second alignment layer material was 10 wt %.
[0275] Thefirstalignment layer material was applied on the
pixel electrodes. The application of the first alignment layer
material was performed by a printing technique, ink jet tech-
nique, or spin coating technique. As a first heat treatment
(pre-bake), one minute of heating was conducted at 90° C. to
remove the solvent to a certain extent, thereby forming the
first alignment layer.

[0276] Next, the second alignment layer material was
applied on the first alignment layer. The application of the
second alignment layer material was performed by a printing
technique, ink jet technique, or spin coating technique. As a
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first heat treatment (pre-bake), one minute of heating was
conducted at 90° C. to remove the solvent to a certain extent;
and furthermore, 40 minutes of heating was conducted at
200° C. as a second heat treatment (post-bake). Through such
heat treatments, the second alignment layer including the
second polyimide into which the polyamic acid had imidized
and the polymerization product into which the polyfunctional
monomer had polymerized was formed. Thus, the first align-
ment film was formed on the pixel electrodes. Thereafter, a
principal face of the first alignment film was subjected to a
rubbing treatment.

[0277] Similarly, the two aforementioned alignment layer
materials were applied to form the second alignment film
including the first alignment layer and the second alignment
layer on the counter electrode, and a rubbing treatment was
performed. An analysis of the first and second alignment films
indicated that the first polyimide and the second polyimide
had mixed into a single layer, such that the polymerization
product into which the biphenyldimethacrylate had polymer-
ized was present throughout the entire alignment film.
[0278] Next, the active matrix substrate and the counter
substrate were attached together so that the first alignment
film and the second alignment film opposed each other and
that the angle between the alignment treatment direction of
the first alignment film and the alignment treatment direction
of the second alignment film was 90°, and fixed so that the
interspace between the active matrix substrate and the counter
substrate was about 4 pm.

[0279] Next, a nematic liquid crystal material having nega-
tive dielectric anisotropy was provided, which was intro-
duced between the active matrix substrate and the counter
substrate. The liquid crystal material had a dielectric anisot-
ropy A€ of -3, and a birefringence An of 0.085. The liquid
crystal molecules had a pretilt angle of 86.0°.

[0280] The active matrix substrate and the counter substrate
were attached together so that the angle between the align-
ment treatment direction of the first alignment film and the
alignment treatment direction of the second alignment film
was 90°, and the liquid crystal molecules had a twist angle of
90°. Herein, the polarization axis of the polarizer of the active
matrix substrate was parallel to the alignment treatment
direction of the first alignment film, and the polarization axis
of the polarizer of the counter substrate was parallel to the
alignment treatment direction of the second alignment film.
Thus, a liquid crystal panel was produced.

[0281] Next, the resultant liquid crystal panel was sub-
jected to a power-on test of continuously applying a voltage of
+10 V for 50 hours at room temperature, and thereafter an
amount of change in the tilt angle was measured, which
indicated that the amount of change in the pretilt angle was
0.17°. A voltage holding ratio measured after finishing the
power-on test was 99.5% or more, indicative that powering
had been sufficiently conducted. A voltage holding ratio
which was measured after storing this liquid crystal panel in
an oven at 70° C. for 1000 h was 99.5% or more. The residual
DC voltage was 50 mV or less, which is sufficiently low. The
liquid crystal panel thus produced showed image sticking.
[0282] In Comparative Example as in Comparative
Example 1-2 and Comparative Example 2, since a post-bake
was not performed after the formation of the first alignment
layer, presumably imidization did not occur and the first
alignment layer was dissolved with application of the second
alignment layer material, and hence no double-layered align-
ment film was formed. Moreover, the biphenyldimethacrylate
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monomer which was contained in the solution of the second
alignment layer material also entered into the interior of the
first alignment layer upon mixing of the second alignment
layer material with the first alignment layer, as a result of
which the surface distribution density of the polymerization
product was lowered.

Example 4

[0283] Hereinafter, with reference to FIG. 2, F1G. 3, F1G. 4,
and F1G. 8, alignment films and a liquid crystal display device
of Example 4 will be described. The liquid crystal display
device of Example 4 also operates in the RTN mode.

[0284] First, on a principal face of the first insulative sub-
strate 222, although not shown in the figures, TFTs and wiring
lines connected to the TFTs, and an insulating layer and the
like were formed, upon which the pixel electrodes 224 were
formed. Similarly, on a principal face of the second insulative
substrate 242, although not shown in the figures, a colored
layer having color filters, and an insulating layer and the like
were formed, upon which the counter electrode 244 was
formed.

[0285] Next, two alignment layer materials were prepared.
The first alignment layer material was obtained by allowing
the precursor (polyamic acid) of the first polyimide p1 repre-
sented by structural formula (2xa") to be dissolved in a sol-
vent. The second alignment layer material was obtained by
allowing the precursor (polyamic acid) of the second polyim-
ide p2 represented by structural formula (3a') to be dissolved
in a solvent, and thereafter further allowing a polyfunctional
monomer to be dissolved therein. The precursor of the second
polyimide p2 had a cinnamate group in its side chain. The
polyfunctional monomer was biphenyldimethacrylate. The
concentration of the polyfunctional monomer on the basis of
the second alignment layer material was 10 wt %.

[0286] The firstalignment layer material was applied on the
pixel electrodes 224. The application of the first alignment
layer material was performed by a printing technique, ink jet
technique, or spin coating technique. As a first heat treatment
(pre-bake), one minute of heating was conducted at 90° C. to
remove the solvent to a certain extent; and furthermore, 40
minutes of heating was conducted at 200° C. as a second heat
treatment (post-bake). Through such heat treatments, the
polyamic acid was imidized, whereby the first alignment
layer 112 containing the first polyimide p1 was formed.
[0287] Next, the second alignment layer material was
applied on the first alignment layer 112. The application of the
second alignment layer material was performed by printing
technique, ink jet technique, or spin coating technique. As a
first heat treatment (pre-bake), one minute of heating was
conducted at 90° C. to remove the solvent to a certain extent;
and furthermore, 40 minutes of heating was conducted at
200° C. as a second heat treatment (post-bake). Through such
heat treatments, the second alignment layer 114 containing
the second polyimide p2, into which the polyamic acid had
imidized, and the polymerization product po, into which the
polyfunctional monomer had polymerized, was formed. In
this manner, the first alignment film 110 was formed on the
pixel electrodes 224.

[0288] Thereafter, regions of the first alignment film 110
each corresponding to a half of a pixel were irradiated at 50
mJ/em? with P-polarized light having a peak wavelength of
330 nm, at an azimuth angle of 0° and obliquely from a 40°
direction with respect to the normal direction of a principal
face of the first alignment film 110. When the light irradiation
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was performed, the cinnamate group underwent a dimeriza-
tion reaction, whereby a dimerization site was formed. Next,
regions each corresponding to the other half of a pixel of the
first alignment film 110 were irradiated at 50 mJ/cm® with
P-polarized light having a peak wavelength of 330 nm, at an
azimuth angle of 180° and obliquely from a 40° direction with
respect to the normal direction of a principal face of the first
alignment film 110. Thus, photo-alignment treatments were
performed to form regions with different alignment treatment
directions.

[0289] Similarly, the two aforementioned alignment layer
materials were consecutively applied on the counter electrode
244, and each alignment layer material was heated at 90° C.
for one minute so as to remove the solvent to a certain extent,
further followed by 40 minutes of heating at 200° C. The first
and second polyimides pl and p2 were formed, and the
dimethacrylate polymerized to form the polymerization prod-
uct po. Thus, the second alignment film 120 was formed on
the counter electrode 244. Thereafter, each pixel of the second
alignment film 120 was irradiated at 50 mJ/cm® with P-polar-
ized light having a peak wavelength of 330 nm, obliquely
from a 40° direction with respect to the normal direction of a
principal face of the second alignment film 120. A photo-
alignment treatment was thus performed. An analysis of the
first and second alignment films 110 and 120 indicated that
the polymerization product po, into which biphe-
nyldimethacrylate had polymerized, existed only in the sec-
ond alignment layers 114 and 124, and not in the first align-
ment layers 112 and 122.

[0290] Next, the active matrix substrate 220 and the counter
substrate 240 were attached together so that the first align-
ment film 110 and the second alignment film 120 opposed
each other and that the angle between the alignment treatment
direction of the first alignment film and the alignment treat-
ment direction of the second alignment film was 90°, and
fixed so that the interspace between the active matrix sub-
strate 220 and the counter substrate 240 was about 4 pm.
[0291] Next, a nematic liquid crystal material having nega-
tive dielectric anisotropy was provided, which was intro-
duced between the active matrix substrate 220 and the counter
substrate 240. The liquid crystal material had a dielectric
anisotropy AE of -3, and a birefringence An of 0.085.
[0292] FIG. 8 shows the alignment treatment directions of
the first and second alignment films 110 and 120 of Example
4. As described earlier, the active matrix substrate 220 and the
counter substrate 240 were attached together so that the
angles between the alignment treatment directions PD1 and
PD2 of the first alignment film 110 and the alignment treat-
ment direction PD3 of the second alignment film 120 were
90°, and the liquid crystal molecules 262 had a twist angle of
90°. A voltage holding ratio measured after finishing the
power-on test was 99.5% or more, indicative that powering
had been sufficiently conducted. The liquid crystal panel thus
produced showed no image sticking.

Example 5

[0293] Hereinafter, with reference to FI1G. 2, FI1G. 3, FIG. 4,
and FIG. 9, alignment films and a liquid crystal display device
of Example 5 will be described. The liquid crystal display
device of Example 5 also operates in the RTN mode.

[0294] First, on a principal face of the first insulative sub-
strate 222, although not shown in the figures, TFTs and wiring
lines connected to the TFTs, and an insulating layer and the
like were formed, upon which the pixel electrodes 224 were
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formed. Similarly, on a principal face of the second insulative
substrate 242, although not shown in the figures, a colored
layer having color filters, and an insulating layer and the like
were formed, upon which the counter electrode 244 was
formed.

[0295] Next, two alignment layer materials were prepared.
The first alignment layer material was obtained by allowing
the precursor (polyamic acid) of the first polyimide p1 repre-
sented by structural formula (2xa") to be dissolved in a sol-
vent. The second alignment layer material was obtained by
allowing the precursor (polyamic acid) of the second polyim-
ide p2 represented by structural formula (3a') to be dissolved
in a solvent, and thereafter further allowing a polyfunctional
monomer to be dissolved therein. The precursor of the second
polyimide p2 had a cinnamate group in its side chain. The
polyfunctional monomer was biphenyldimethacrylate. The
concentration of the polyfunctional monomer on the basis of
the second alignment layer material was 10 wt %.

[0296] Thefirstalignment layer material was applied on the
pixel electrodes 224. The application of the first alignment
layer material was performed by a printing technique, ink jet
technique, or spin coating technique. As a first heat treatment
(pre-bake), one minute of heating was conducted at 90° C. to
remove the solvent to a certain extent; and furthermore, 40
minutes of heating was conducted at 200° C. as a second heat
treatment (post-bake). Through such heat treatments, the
polyamic acid was imidized, whereby the first alignment
layer 112 containing the first polyimide p1 was formed.
[0297] Next, the second alignment layer material was
applied on the first alignment layer 112. The application of the
second alignment layer material was performed by a printing
technique, ink jet technique, or spin coating technique. As a
first heat treatment (pre-bake), one minute of heating was
conducted at 90° C. to remove the solvent to a certain extent;
and furthermore, 40 minutes of heating was conducted at
200° C. as a second heat treatment (post-bake). Through such
heat treatments, the second alignment layer 114 containing
the second polyimide p2, into which the polyamic acid had
imidized, and the polymerization product po, into which the
polyfunctional monomer had polymerized, was formed. In
this manner, the first alignment film 110 was formed on the
pixel electrodes 224.

[0298] Thereafter, regions of the first alignment film 110
each corresponding to a half of a pixel were irradiated at 50
mJ/em* with P-polarized light having a peak wavelength of
330 nm, at an azimuth angle of 0° and obliquely from a 40°
direction with respect to the normal direction of a principal
face of the first alignment film 110. When the light irradiation
was performed, the cinnamate group underwent a dimeriza-
tion reaction, whereby a dimerization site was formed. Next,
regions each corresponding to the other half of a pixel of the
first alignment film 110 were irradiated at 50 mJ/cm? with
P-polarized light having a peak wavelength of 330 nm, at an
azimuth angle of 180° and obliquely from a 40° direction with
respect to the normal direction of a principal face of the first
alignment film 110. Thus, photo-alignment treatments were
performed to form regions with different alignment treatment
directions.

[0299] Similarly to the first alignment film 110, the afore-
mentioned first alignment layer material was applied on the
counter electrode 244, and heated at 90° C. for one minute so
as to remove the solvent to a certain extent. After further
heating at 200° C. for 40 minutes, the second alignment layer
material was further applied, and similarly heated at 90° C.
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for one minute so as to remove the solvent to a certain extent,
further followed by 40 minutes of heating at 200° C. As a
result, the polyamic acid was imidized, whereby the first
alignment layer 122 containing the first polyimide p1 and the
second alignment layer 124 including the second polyimide
p2 were formed. Thus, the second alignment film 120 was
formed on the counter electrode 244.

[0300] Thereafter, regions ofthe second alignment film 120
each corresponding to a half of a pixel were irradiated at 50
mJ/cm? with P-polarized light having a peak wavelength of
330 nm, at an azimuth angle of 90° and obliquely from a 40°
direction with respect to the normal direction of a principal
face of the second alignment film 120. When the light irra-
diation was performed, the cinnamate group underwent a
dimerization reaction, whereby a dimerization site was
formed. Next, regions each corresponding to the other half of
a pixel of the second alignment film 120 were irradiated at 50
mJ/cm? with P-polarized light having a peak wavelength of
330 nm, at an azimuth angle of 270° and obliquely from a 40°
direction with respect to the normal direction of a principal
face of the second alignment film 120. Thus, photo-alignment
treatments were performed to form regions with different
alignment treatment directions. An analysis of the first and
second alignment films 110 and 120 indicated that the
dimethacrylate had polymerized, such that the polymeriza-
tion product po existed also at the alignment film surface.

[0301] Next, the active matrix substrate 220 and the counter
substrate 240 were attached together so that the first align-
ment film 110 and the second alignment film 120 opposed
each other and that the angle between the alignment treatment
direction of the first alignment film and the alignment treat-
ment direction of the second alignment film was 90°, and
fixed so that the interspace between the active matrix sub-
strate 220 and the counter substrate 240 was about 4 um.

[0302] Next, a nematic liquid crystal material having nega-
tive dielectric anisotropy was provided, which was intro-
duced between the active matrix substrate 220 and the counter
substrate 240. The liquid crystal material had a dielectric
anisotropy AE of -3, and a birefringence An of 0.085.

[0303] FIG. 9 shows the alignment treatment directions of
the first and second alignment films 110 and 120 of Example
5.As described earlier, the active matrix substrate 220 and the
counter substrate 240 were attached together so that the
angles between the alignment treatment directions PD1 and
PD2 of the first alignment film 110 and the alignment treat-
ment directions PD3 and PD4 of the second alignment film
120 were 90°, and the liquid crystal molecules 262 had a twist
angle of 90°. A voltage holding ratio measured after finishing
the power-on test was 99.5% or more, indicative that power-
ing had been sufficiently conducted. The liquid crystal panel
thus produced showed no image sticking.

[0304] For reference sake, the entire disclosure of Japanese
Patent Application No. 2008-303231, on which the present
application claims priority, is incorporated herein by refer-
ence.

INDUSTRIAL APPLICABILITY

[0305] An alignment film according to the present inven-
tion is able to suppress image sticking caused by changes in
the pretilt angle. Moreover, a liquid crystal display device
according to the present invention can be easily produced. For
example, there is no need to perform polymerization after
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attaching an active matrix substrate and a counter substrate
together, thus providing an increased degree of freedom in
terms of production.

REFERENCE SIGNS LIST
[0306] 100 alignment film
[0307] p1 first polyimide
[0308] p2 second polyimide
[0309] po polymerization product
[0310] 102 first alignment layer
[0311] 104 second alignment layer
[0312] 110 first alignment film
[0313] 112 first alignment layer
[0314] 114 second alignment layer
[0315] 120 second alignment film
[0316] 122 first alignment layer
[0317] 124 second alignment layer
[0318] 200 liquid crystal display device
[0319] 220 active matrix substrate
[0320] 222 first insulative substrate
[0321] 224 pixel electrode
[0322] 240 counter substrate
[0323] 242 second insulative substrate
[0324] 244 counter electrode
[0325] 260 liquid crystal layer
[0326] 262 liquid crystal molecules
[0327] 300 liquid crystal panel

1. An alignment film comprising:

a first alignment layer containing a first polyimide; and

a second alignment layer containing a second polyimide

different from the first polyimide and a polymerization
product resulting from polymerization of a polyfunc-
tional monomer, wherein

the polyfunctional monomer is represented by general for-

mula (1) P1-A1-(Z1-A2)n-P2 (in general formula (1),
P1 and P2 each independently of the other are an acry-
late, methacrylate, acrylamide, methacrylamide, vinyl,
vinyloxy, or epoxy group; Al and A2 each indepen-
dently of the other represent a 1,4-phenylene, 1,4-cyclo-
hexane, 2,5-thiophene, or naphthalene-2,6-diyl group;
71 is a —COO— group, a —OCO— group, a —O—
group, a —CONH— group or a single bond, where n is
0,1, or2).

2. The alignment film of claim 1, wherein the polyfunc-
tional monomer contains at least one monomer from among a
dimethacrylate monomer, a diacrylate monomer, a
dimethacrylamide monomer, and a diacrylamide monomer.

3. The alignment film of claim 1, wherein, in the polyfunc-
tional monomer, P1 and P2 are acrylate groups; 71 is a single
bond; andnisOor 1.

4. The alignment film of claim 1, wherein, in the polyfunc-
tional monomer, P1 and P2 are methacrylate groups; Z1 is a
single bond; and nis O or 1.

5. The alignment film of claim 1, wherein, in the polyfunc-
tional monomer, P1 and P2 are acrylamide groups; Z1 is a
single bond; and nis O or 1.

6. The alignment film of claim 1, wherein, in the polyfunc-
tional monomer, P1 and P2 are methacrylamide groups; Z1 is
a single bond; and nis O or 1.

7. The alignment film of claim 1, wherein a side chain of a
precursor of the first polyimide does not have any vertical
alignment groups.
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8. The alignment film of claim 7, wherein the first polyim- 10. The alignment film of claim 9, wherein,
ide is represented by general formula (2x). the first polyimide is represented by general formula (2y),

[Formula 2]
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9. The alignment film of claim 1, wherein a side chain of a
precursor of the first polyimide has a vertical alignment
group.
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-continued -continued
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where R is a saturated alkyl group or an unsaturated alkyl
cH, group having 3 to 18 carbons.
~CH 11. The alignment film of claim 1, wherein the second
CH(CH, ), CHT o
HC CH; polyimide is represented by general formula (3).
H,C
[Formula 3]
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12. The alignment film of claim 1, wherein,
the second polyimide has a side chain represented by gen-
eral formula (4),

[Formula 4]

=}

[POLYIMIDE (OR POLYAMIC ACID) CHAIN}- - --§°—D

E

where

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,_, 4 cyclic,
linear, 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

B is a linear or branched alkyl residue which is unsubsti-
tuted, 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);
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C' and C? each independently of the other represent an

aromatic or alicyclic group (which is unsubstituted or
substituted by fluorine, chlorine, cyano, or by a cyclic,
linear, or branched alkyl residue (which is unsubstituted,
mono-substituted by cyano or halogen, or poly-substi-
tuted by halogen, having 1 to 18 carbon atoms and where
one or more non-adjacent CH, groups may indepen-
dently be replaced by a group Q));

D represents an oxygen atom or —NR'— (where R* rep-

resents a hydrogen atom or lower alkyl);

S! and S? each independently of the other represent a single

covalent bond or a spacer unit;

S? represents a spacer unit;

Q represents a group selected from —O—, —CO—,

—CO—0—, —O— CO— —Sl(CH3)2—O SI(CH3)
s ~NR'—, —NR! —CO—, —CO—NR'—
—NRI—CO—O—, ~ 0 CO NR'~, —NR'
CO—NR'—, —CH=CH—, —CEC—, and
—O—CO—O— (where R' represents a hydrogen atom
or lower alkyl); and

E and F each independently of the other represent hydro-

gen, fluorine, chlorine, cyano, alkyl optionally substi-
tuted 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—).

13. The alignment film of claim 1, wherein the second
polyimide has a fluorine group.

14. The alignment film of claim 1, wherein the second
polyimide has a photoreactive functional group.

15. The alignment film of claim 14, wherein the photore-
active functional group is one selected from among a cin-
namate group, a chalcone group, a tolan group, a coumarin
group, and an azobenzene group.

16. The alignment film of claim 1, wherein a side chain of
the second polyimide has a vertical alignment group.

17. A liquid crystal display device comprising:

an active matrix substrate having a pixel electrode;

a counter substrate having a counter electrode; and

a vertical-alignment type liquid crystal layer provided
between the active matrix substrate and the counter sub-
strate, wherein,

F

\

SI—CI-}]—[—SZ—CZ-]KZ—B
"

at least one of the active matrix substrate and the counter
substrate further includes an alignment film provided on
the liquid crystal layer side;

the alignment film includes

a first alignment layer containing a first polyimide, and

a second alignment layer containing a second polyimide
different from the first polyimide and a polymerization
product resulting from polymerization of a polyfunc-
tional monomer; and

the polyfunctional monomer is represented by general for-
mula (1) P1-A1-(Z1-A2)n-P2 (in general formula (1),
P1 and P2 each independently of the other are an acry-
late, methacrylate, acrylamide, methacrylamide, vinyl,
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vinyloxy, or epoxy group; Al and A2 each indepen-
dently of the other represent a 1,4-phenylene, 1,4-cyclo-
hexane, 2,5-thiophene, or naphthalene-2,6-diyl group;
71 is a —COO— group, a —OCO— group, a —O—
group, a—CONH— group or a single bond, where n is
0,1,0r2).

18. The liquid crystal display device of claim 17, wherein
the alignment film regulates liquid crystal molecules in the
liquid crystal layer so that the liquid crystal molecules are
inclined with respect to a normal direction of a principal face
of the alignment film in the absence of an applied voltage.

19. The liquid crystal display device of claim 17, 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 having respectively
different reference alignment azimuths.

20. The liquid crystal display device of claim 17, wherein
the plurality of liquid crystal domains are four liquid crystal
domains.

21. A method of forming an alignment film, comprising the
steps of:

forming a first alignment layer containing a first polyimide;

and

forming a second alignment layer containing a second

polyimide different from the first polyimide and a poly-
merization product resulting from polymerization of a
polyfunctional monomer.

22. The method of forming an alignment film of claim 21,
wherein the step of forming the first alignment layer com-
prises:

a step of providing a first alignment layer material contain-

ing a precursor of the first polyimide;

a step of applying the first alignment layer material; and

a step of imidizing the precursor of the first polyimide to

form the first polyimide.
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23. The method of forming an alignment film of claim 22,
wherein the step of forming the first polyimide comprises,
after applying the first alignment layer material, a step of
conducting a pre-bake and thereafter conducting a post-bake
at a higher temperature than in the pre-bake.

24. The method of forming an alignment film of claim 21,
wherein the step of forming the second alignment layer com-
prises:

a step of providing a second alignment layer material con-

taining a precursor of the second polyimide and a poly-
functional monomer;

a step of applying the second alignment layer material on
the first alignment layer; and

a step of forming the second polyimide resulting from
imidization of the precursor of the second polyimide and
forming the polymerization product resulting from
polymerization of the polyfunctional monomer.

25. The method of forming an alignment film of claim 24,
wherein, in the step of providing the second alignment layer
material, the polyfunctional monomer is represented by gen-
eral formula (1) P1-A1-(Z1-A2)n-P2 (in general formula (1),
P1 and P2 each independently of the other are an acrylate,
methacrylate, acrylamide, methacrylamide, vinyl, vinyloxy,
or epoxy group; Al and A2 each independently of the other
represent a 1,4-phenylene, 1,4-cyclohexane, 2,5-thiophene,
or naphthalene-2,6-diyl group; Z1 is a —COO— group, a
—OCO— group, a—O— group, a —CONH— group or a
single bond, where n is 0, 1, or 2).

26. The method of forming an alignment film of claim 24,
wherein, in the step of providing the second alignment layer
material, a concentration of the polyfunctional monomer on
the basis of the second alignment layer material is no less than
2 wt % and no more than 20 wt %.
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