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(7) ABSTRACT

A highly reliable vertical alignment film for aligning display-
use liquid crystal molecules in a direction slightly tilted from
the substrate normal line direction and a method of manufac-
turing the vertical alignment film are provided. A layer com-
posed of a liquid crystalline monomer that has a crystalline
framework, and that has characteristics to align the crystalline
framework vertically to an interface with a dissimilar material
and polymerizable characteristics is formed on a transparent
substrate. A magnetic field is applied thereto while the liquid
crystal state is maintained, and thereby the liquid crystalline
framework of the liquid crystalline monomer is aligned in a
direction slightly tilted from the normal line direction of the
substrate. In this state, the liquid crystalline monomer is poly-
merized, and a hardened layer formed from a complex com-
posed of the unreacted liquid crystalline monomer and a
liquid crystalline monomer polymer is formed as a vertical
alignment film.
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VERTICAL ALIGNMENT FILM AND
METHOD OF MANUFACTURING THEREOF,
VERTICAL ALIGNMENT SUBSTRATE AND
METHOD OF MANUFACTURING THEREOF,
AND LIQUID CRYSTAL DISPLAY DEVICE

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present application claims priority to Japanese
Patent Application JP 2007-313200 filed in the Japanese
Patent Office on Dec. 4, 2007, the entire contents of which is
being incorporated herein by reference.

BACKGROUND

[0002] The present disclosure relates to a vertical align-
ment film for controlling alignment of display-use liquid
crystal molecules in a liquid crystal display device and a
method of manufacturing the vertical alignment film, a ver-
tical alignment substrate including the vertical alignment film
and a method of manufacturing the vertical alignment sub-
strate, and a liquid crystal display device.

[0003] Currently, aliquid crystal display unit is widely used
as a display section for an electronic device such as a mobile
phone and a liquid crystal television or as a display unit for a
personal computer (PC). A transmissive liquid crystal display
unit generally used as a full color display unit is composed of
a transmissive liquid crystal display device including a color
filter (liquid crystal display panel) and a backlighting unit that
irradiates the rear face side with white color. In the transmis-
sive liquid crystal display unit, an image is displayed by
controlling a transmission factor of the irradiated light pass-
ing the liquid crystal display device.

[0004] FIG. 16 is a partial cross sectional view showing a
basic structure of an existing liquid crystal display device. In
a liquid crystal display device 100, a liquid crystal cell 105 is
formed from a liquid crystal layer 101 and a pair of transpar-
ent substrates 102a and 1025 oppositely arranged with the
liquid crystal layer 101 in between. On the outer face sides of
the transparent substrates 1024 and 1024, a pair of polariza-
tion plates 1064 and 1065 is respectively arranged.

[0005] The transparent substrates 102a and 1025 are made
of a glass substrate or the like. On the inner face side of the
transparent substrate 1024, a transparent electrode 103a an
alignment film 104¢ and the like are formed. On the inner face
side of the transparent substrate 1025, an (not-shown) color
filter composed of three primary colors R (red), G (green),
and B (blue), a transparent electrode 1035, an alignment film
1045 and the like are formed. The transparent electrode 103«
and the transparent electrode 1034 are composed of, for
example, ITO (Indium Tin Oxide) or the like. The alignment
film 104 and the alignment film 1045 are provided to be
contacted with the liquid crystal layer 101.

[0006] The polarization plates 106a and 1065 are respec-
tively made of a polarization film and two pieces of transpar-
ent protective films or the like. The polarization film is gen-
erally made of a uniaxially-stretched polyvinyl alcohol film
orthe like; and iodine, a dichroic dye or the like that is held by
the film. On the both sides thereof, as the transparent protec-
tive film, a TAC (triacetyl cellulose) film or the like is bonded.
[0007] In the liquid crystal display device 100, when an
electric field is not applied, liquid crystal molecules of the
liquid crystal layer 101 are kept in a state of specific regular
alignment between the transparent substrates 1024 and 1025.
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By applying an electric field to the liquid crystal molecules,
the alignment state of the liquid crystal molecules is changed,
and the light transmission factor of the liquid crystal display
device 100 is changed. Therefore, one of the keys to deter-
mine the quality of the liquid crystal display device is the
alignment technology to keep the liquid crystal molecules in
a state of specific alignment when an electric field is not
applied.

[0008] According to differences in the foregoing alignment
technology, a method of changing the alignment state of the
liquid crystal molecules by an electric field and the like,
various modes exist for the liquid crystal display device 100.
For example, TN (Twisted Nematic) mode, EPS (In-Plane
Switching mode), ECB (Electrically Controlled Birefrin-
gence) mode, OCB (Optically Compensatory Bend) mode,
VA (Vertical Alignment) mode and the like have been pro-
posed (for example, refer to “Color TFT liquid crystal display
(revised version),” edited and supervised by Teruhiko
Yamazaki, Hideaki Kawakami, and Hiroo Hori, Kyoritsu
Shuppan Co., Ltd. (2005)).

[0009] FIG. 17A is an explanation view showing an align-
ment technology used in TN mode, IPS mode, ECB mode,
OCB mode and the like. FIG. 17A shows an alignment state
of liquid crystal molecules that are contacted with a horizon-
tal alignment film 114 and are homogeneous-aligned to the
horizontal alignment film 114. In these operation modes,
when an electric field is not applied, the horizontal alignment
film 114 horizontally aligns the long axis direction of liquid
crystal molecules 110 contacted therewith so that the long
axis direction of the liquid crystal molecules 110 are almostin
parallel with a face of the transparent substrate 102 and are
ordered in a certain direction. In this case, as shown in FIG.
174, itis important that the alignment direction of the liquid
crystal molecules 110 that are horizontally aligned is slightly
tilted to the substrate face (pretilted). If pretilted, it is possible
to prevent reverse tilt that the liquid crystal molecules 110 are
tilted in the opposite direction when an electric field is
applied, and to realize favorable operation characteristics and
favorable optical characteristics as a liquid crystal display
device.

[0010] In the foregoing respective operation modes, the
horizontal alignment film 114 is essential. The horizontal
alignment film 114 currently used widely is formed by form-
ing an organic polymer resin film composed of polyimide or
the like on a substrate and providing rubbing treatment to
strongly rub the surface thereof in a certain direction with the
use of a cloth made of rayon, nylon or the like. In relation to
the polymer resin film provided with the rubbing treatment,
the liquid crystal molecules 110 are aligned so that the long
axis direction is in parallel with the rubbing direction. The
polyimide film is suitably used. since therewith a pretilt angle
of about several degree is obtained by the rubbing treatment.

[0011] However, in the rubbing treatment, minute dust is
generated from the rubbing cloth, the polymer resin film and
the like. The dust may cause a defect of the liquid crystal
display device, and necessitates a washing step, a drying step
and the like to remove the dust, resulting in increasing the
number of manufacturing steps. Further, in the rubbing treat-
ment, static electrical charge is generated, and thus, for
example, in the case of an active matrix liquid crystal display
unit, a semiconductor device such as thin film transistor may
be destroyed. Further the pretilt angle capable of being real-
ized by the rubbing treatment is limited to a narrow range by
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the material characteristics of the polymer resin. To realize a
reproducible pretilt angle, it is necessary to precisely control
the rubbing state.

[0012] Therefore, methods of manufacturing the horizontal
alignment film not using the rubbing treatment have been
proposed. For example, in the following Japanese Unexam-
ined Patent Application Publication No. 2-43517 (pp. 2-5), a
method of manufacturing a liquid crystal-use alignment film
has been proposed. In the method, a main chain type liquid
crystal polymer is kept in a state of liquid crystal and is
exposed in a parallel magnetic field. The main chains are
aligned, and then major part of the alignment state is solidi-
fied by a subsequent given treatment. Thereby, a horizontal
alignment film suitable for STN (Super TN) mode is formed.
“Main chain type” herein represents a type in which a
mesogenic group contributing to formation of the liquid crys-
tal state exists in the main chain of a molecule. “Liquid crystal
polymer” includes thermotropic liquid crystal that shows lig-
uid crystal state in a certain temperature range at the melting
point or more and lyotropic liquid crystal that shows liquid
crystal state in the case where it is melted in an appropriate
solvent in high concentration.

[0013] In the method of Japanese Unexamined Patent
Application Publication No. 2-43517, in the case where the
main chain type liquid crystal polymer is the thermotropic
liquid crystal, after a layer composed of the liquid crystal
polymer is formed on a substrate, the liquid crystal polymer
layer is heated up to an appropriate temperature of the melting
point or more to obtain the liquid crystal state. In this state, the
liquid crystal polymer layer is exposed in the parallel mag-
netic field for a given time. After the main chains are aligned,
temperature of the liquid crystal polymer layer is lowered to
the level under the melting point. Then, while the alignment
state is maintained as much as possible, the liquid crystal
polymer layer is solidified.

[0014] Meanwhile, in the case where the main chain type
liquid crystal polymer is the lyotropic liquid crystal, after the
liquid crystal polymer is dissolved in an appropriate solvent,
the solution is arranged on the substrate by a method such as
coating, and a solution layer in which the liquid crystal poly-
mer is in a state of liquid crystal state is formed. In this state,
the liquid crystal polymer is exposed in the parallel magnetic
field for a given time. After the main chains are aligned, the
solvent is evaporated from the solution layer to precipitate the
liquid crystal polymer. Then, the liquid crystal polymer is
solidified while the alignment state is maintained as much as
possible.

[0015] In Example 1 of Japanese Unexamined Patent
Application Publication No. 2-43517, an example in which a
horizontal alignment film expressing a pretilt angle of 35 to
37 degree was obtained when a magnetic field was applied so
that an angle made by the substrate face and flux became 45
degree is shown. As another example, an example in which a
horizontal alignment film expressing a pretilt angle of 25 to
47 degree was obtained when a magnetic field was applied so
that an angle made by the substrate face and flux becomes 30
to 50 degree is described. Further, it is therein described that
in the case where the alignment film is composed of non-
orientational polymer and main chain type liquid crystal
polymer, which are formed in a phase separation fashion so
that a single phase size becomes about 1 um or less, the
alignment of the main chain type liquid crystal polymer mol-
ecules tend to be more uniform.
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[0016] Further, in the following Japanese Patent No.
3572787 (pp. 4, 5, 7, and 8, particularly paragraph 0009 and
FIG. 3), a technology to express a pretilt angle of about 10
degree in a reproducible fashion is proposed, and a method of
manufacturing a liquid crystal cell using such a technology is
proposed. In the method of manufacturing a liquid crystal
cell, first, a mesogenic layer composed of an ultraviolet ray
absorber, a photopolymerization initiator, and a polymeriz-
able liquid crystalline monomer is formed on the substrate
main face capable of transmitting ultraviolet ray. Next, the
substrate is kept at given temperature at which the polymer-
izable liquid crystalline monomer is kept in a state of liquid
crystal. While a magnetic field in a desired direction is
applied, the mesogenic layer is irradiated with ultraviolet ray
through the substrate, and thereby the polymerizable liquid
crystalline monomer is polymerized to form a polymer layer.
Next, unreacted substances on the surface are removed by
washing with an organic solvent to leave only the polymer
layer and thereby an alignment film is obtained. After that, a
pair of substrates is arranged so that the alignment films are
opposed to each other, and bonded with each other with a
desired gap in between. Liquid crystal fills in the gap, and
thereby a liquid crystal cell is formed. It is described that the
mesogenic layer may be a layer composed of low-molecular
liquid crystal, an ultraviolet absorber, a photopolymerization
initiator, and a polymerizable liquid crystalline monomer,
and a magnetic field and an electric field may be used
together.

[0017] Further, itis described that when the main face of the
substrate was previously coated with a silane coupler layer or
a polar organic resin layer, it was effective to form a uniform
mesogenic layer thereon. Actually, in Japanese Patent No.
3572787, in all examples in which a pretilt angle is specifi-
cally shown, the main face of the substrate is coated with a
silane coupler layer or a polar organic resin layer, and a
mesogenic layer is formed thereon.

[0018] FIG. 17B is a schematic view showing a horizontal
alignment film and sections in the vicinity thereof based on
the following description that is described in Example 1 of
Japanese Patent No. 3572787. In Example 1, first, a silane
coupler layer 115 composed of vinyltrimethoxy silane was
formed on a main face of a low alkali glass substrate 1024 (or
1025) provided with an ITO transparent electrode. After that,
the surface thereof was coated with an acetone solution in
which a small amount of benzophenone photopolymerization
initiator was added to a polymerizable liquid crystalline
monomer 116 such as 4-acryloyloxy-4'-butyl-bicyclohexyl.
After that, the resultant was air-dried to form a mesogenic
layer. According to observation with a polarization micro-
scope, the mesogenic layer showed liquid crystal phase.
[0019] Next, a magnetic field was applied so that an angle
made by a normal line of the substrate 102 and flux became
about 65 degree (an angle made by a substrate face and flux
became about 25 degree) to align the polymerizable liquid
crystalline monomer 116. In this state, the mesogenic layer
was irradiated with ultraviolet ray from the rear face side of
the substrate 102 to polymerize at least part of the mesogenic
layer, and thereby the polymer layer was formed. After that,
the polymer layer was dipped into acetone for several min-
utes, unreacted substances were removed to obtain a horizon-
tal alignment film 117. It was confirmed that retardation
existed in the horizontal alignment film 117.

[0020] Afterthat, the pair of substrates was arranged so that
the horizontal alignment films 117 were opposed to each
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other and so that the direction of the magnetic field applied in
forming the horizontal alignment film 117 became antiparal-
lel, and was bonded together with a certain gap (10 pm) in
between. Nematic liquid crystal ZL1-2293, Merck Ltd. make
filled in the gap to form a liquid crystal cell. The pretilt angle
in the liquid crystal cell was in the range from 23.2 to 23.5
degree.

[0021] In Japanese Patent No. 3572787, in addition, an
example in which a horizontal alignment film was obtained is
described. In the example, when an angle made by the sub-
strate face and flux was 5 degree, 10 degree, and 15 degree,
the horizontal alignment film expressed pretilt angles of 4.9 to
5.1 degree, 9.4 to 9.7 degree, and 13.6 to 13.8 degree.
[0022] Meanwhile, FIGS. 18A and 18B are cross sectional
views showing an alignment technology used in VA mode.
FIG. 18A shows an alignment state of homeotropic-aligned
liquid crystal molecules 120 when an electric field is not
applied. In VA mode, as the liquid crystal molecules 120
composing the liquid crystal layer 101, liquid crystal mol-
ecules having characteristics being aligned vertically to an
interface with a dissimilar material are selected. As a result,
when an electric field is not applied, the liquid crystal mol-
ecules 120 are able to be aligned vertically to a substrate face
(homeotropic alignment state).

[0023] Further, as the liquid crystal molecules 120, mol-
ecules with negative dielectric constant anisotropy having
characteristics that the long axis of the molecule is aligned
approximately vertically to the electric field direction when
an electric field is applied is selected and used. As a result, as
shown in FIG. 18B, when an electric field is applied, the
alignment direction of the liquid crystal molecules 120 is able
to be changed close to a state that the long axis of the liquid
crystal molecules 120 is aligned approximately vertically to
the electric field direction (state that the long axis of the liquid
crystal molecules 120 is aligned in parallel with the substrate
face).

[0024] Further, in VA mode, two pieces of polarization
plates 1064 and 1065 (refer to FIG. 16) are arranged in a cross
nicol fashion so that each polarizing axis is perpendicular to
each other. Thereby, the liquid crystal display deviceis able to
be operated as a normally black liquid crystal display device
in which when an electric field is not applied and the display-
use liquid crystal molecules 120 are aligned vertically to the
substrate face, almost no light is transmitted as shown in FIG.
18A; and when an electric field is applied and the display-use
liquid crystal molecules 120 are aligned tilted from the nor-
mal line direction of a substrate face, light is transmitted as
shown in FIG. 18B.

[0025] In VA mode, in the time of light blocking when an
electric field is not applied, the liquid crystal molecules are
aligned vertically to the substrate face. Thus, the light trans-
mission factor in the time of light blocking becomes the
minimum value determined by orthogonal nature of the polar-
ization plates 106a and 1065. Therefore, compared to other
operation modes, black close to real black darkness is able to
be realized, and high contrast is obtained.

[0026] However, as shown in FIG. 18B, in the case of single
domain VA mode in which all liquid crystal molecules
belonging to the same pixel are tilted in the same direction,
there are problems that tone reversal phenomenon is gener-
ated, for example, a direction in which light is not transmitted
1s generated in the time of applying an electric field when light
should be transmitted, and accordingly view angle depen-
dence is excessively increased. As a measure against such an
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issue, MVA (Multi-domain VA) mode, PVA (Patterned VA)
mode (also known as EVA (Electrically tilted VA) mode) and
the like are proposed.

[0027] FIGS. 19A and 19B are partial cross sectional views
showing an alignment technology used in MVA mode. FIG.
19A shows an alignment state of liquid crystal molecules
when an electric field is not applied. FIG. 19B shows an
alignment state of the liquid crystal molecules 120 when an
electric field is applied. In MVA mode, a small transparent
protrusion 130 is provided in the center of a pixel by using
photoresist technology. Therefore, when an electric field is
not applied, major part of the liquid crystal molecules 120 in
one pixel is aligned vertically to a substrate face. Meanwhile,
liquid crystal molecules 131 surrounded with dotted lines in
the figure that are located in the vicinity of the protrusion 130
are aligned in a direction slightly tilted to the right or the left
from the direction perpendicular to the substrate face.
Thereby, when an electric field is applied, alignment of the
other liquid crystal molecules 120 is changed in a domino
fashion, which s spread from the liquid crystal molecules 131
that are contacted with the protrusion 130 and are previously
tilted as the origin point. As a result, one pixel is automatically
divided into even numbers of domains in which each tilt
direction of the liquid crystal molecules is opposite to each
other based on the protrusion 130 as a boundary. FIGS. 19A
and 19B show an example that two domains are formed right
and left. However, in general, one pixel is divided right and
left and back and forth centering on the protrusion 130, and
accordingly four domains are formed.

[0028] As shown in FIG. 19B, in MVA mode, even if a
liquid crystal screen is viewed from an oblique direction, light
passing the liquid crystal molecules in which each tilt direc-
tion 1s opposite to each other reaches the screen from the
plurality of domains in one pixel. Therefore, angle depen-
dence is averaged, and view angle dependence is kept small.
[0029] FIGS.20A and 20B are cross sectional views show-
ing an alignment technology used in PVA mode. FIG. 20A
shows an alignment state of liquid crystal molecules imme-
diately after an electric field starts to be applied. FIG. 20B
shows an alignment state of the liquid crystal molecules 120
when sufficient time lapses and alignment is completed after
applying an electric field. In PVA mode, a slit 141 is provided
in a transparent electrode 140, an electric field (fringe electric
field) in an oblique direction is applied to partial liquid crystal
molecules, and thereby the tilt direction of the liquid crystal
molecules 120 is controlled. In this case, when an electric
field is applied, first, liquid crystal molecules 142 receiving
electric field (fringe electric field) in an oblique direction
surrounded with dotted lines in F1G. 20A aretilted leftward or
rightward according to the electric field direction. Next,
alignment of the other liquid crystal molecules is changed in
a domino fashion, which is spread from the former liquid
crystal molecules as the origin point. As a result, as shown in
FIG. 20B, one pixel is automatically divided into ever num-
bers of domains in which each tilt direction of the liquid
crystal molecules is opposite to each other based on the slit
141 as the boundary.

[0030] In PVA mode, in the same manner as that of MVA
mode, evenifa liquid crystal screenis viewed from an oblique
direction, light passing the liquid crystal molecules in which
each tilt direction is opposite to each other reaches the screen
from the plurality of domains in one pixel. Therefore, angle
dependence is averaged, and view angle dependence is kept
small.
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[0031] Intheliquidcrystal display device in MVA mode, in
the time of light blocking when an electric field is not applied,
the partial liquid crystal molecules 131 are not aligned verti-
cally to the substrate face. Thus, light anisotropy is generated
in the liquid crystal layer, and the light transmission factor in
the time of light blocking becomes slightly larger than the
minimum value determined by orthogonal nature of the polar-
ization plates 106a and 1065. Therefore, compared to the
liquid crystal display device in VA mode shown in FIGS. 18A
and 18B, the contrast may be slightly lowered. Meanwhile, in
the liquid crystal display device in PVA mode, the all liquid
crystal molecules 120 are aligned vertically to the substrate
face in the time of light blocking. Therefore, black close to
real black darkness is able to be realized, and high contrast is
obtained.

[0032] As described above, in VA mode including MVA
mode and PVA mode, the alignment film 104 is not essential.
However, in some cases. a vertical alignment film is formed as
a support for vertical alignment of the liquid crystal mol-
ecules 120. In the foregoing horizontal alignment film, the
liquid crystal molecules are aligned to be almost in parallel
with the alignment film. Meanwhile, in the vertical alignment
film, the liquid crystal molecules are aligned vertically to the
alignment film. Therefore, the vertical alignment film neces-
sitates the surface physicality and the surface structure that
are totally different from those of the horizontal alignment
film. Therefore, as a material of the vertical alignment film,
for example, vertical alignment type polyimide or a silane
coupling agent vertical alignment material is used, and rub-
bing treatment is not generally provided. Accordingly, though
being called “alignment film” generically, the horizontal
alignment film and the vertical alignment film are totally
different in purposes and methods of realizing the purposes.
Thus, the horizontal alignment film and the vertical alignment
film should be regarded as a film different from each other.

[0033] In the simple VA mode shown in FIGS. 18A and
18B, the protrusion 130 or the slit 140 that regulates the tilt
direction of the liquid crystal molecules 120 when the electric
field is applied does not exist. In this case, any tilt direction of
the liquid crystal molecules 120 from the normal line direc-
tion of the substrate face is equivalent. Therefore, when an
electric field is applied, the tilt direction of the liquid crystal
molecules 120 tends to be irregular. To prevent such an issue,
as the pretilt is expressed by the horizontal alignment film, it
1s desirable that the liquid crystal molecules 120 are regulated
so that the long axis direction of the liquid crystal molecules
120 is slightly tilted in a given direction from the normal line
direction of the substrate face by a vertical alignment film
when the electric field is not applied.

[0034] In MVA mode and PVA mode, as described above,
when an electric field is applied, the tilt direction of the liquid
crystal molecules 120 is not irregular. However, in MVA
mode, alignment of the other liquid crystal molecules is
changed in a domino fashion, which is spread from the liquid
crystal molecules 131 previously tilted that are located in the
vicinity of the protrusion 130 as the origin point. Therefore,
compared to a case that alignment of all liquid crystal mol-
ecules is concurrently changed, the response speed is slower.
Further, in PVA mode, alignment of the other liquid crystal
molecules is changed in a domino fashion, which is spread
from the liquid crystal molecules 142 that are firstly tilted by
the electric field (fringe electric field) in an oblique direction
as the origin point. Therefore, compared to the case that
alignment of all liquid crystal molecules is concurrently
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changed, the response speed is slower. In PVA mode, further,
there is an issue that a region not contributing to display is
generated in a region in which an electric field is able to be
applied to the liquid crystal layer 101 only vertically. There-
fore, in these operation modes, it is also desirable to regulate
the liquid crystal molecules 120 so that the long axis direction
of the liquid crystal molecules 120 is slightly tilted in a given
direction from the normal line direction of the substrate face
by a vertical alignment film when an electric field is not
applied.

[0035] As one of methods to slightly tilt the alignment
direction of the liquid crystal molecules 120 from the normal
line direction of the substrate face when an electric field is not
applied, a method to process the surface of the vertical align-
ment film by rubbing treatment may be provided. However,
such a method easily causes unevenness, and it is difficult to
realize uniform tilts with the use of such a method. Accord-
ingly, such a method has not been used.

[0036] As another method, a method of manufacturing a
vertical alignment film using a photo-alignment material has
been proposed. The photo-alignment material is a material
that generates anisotropic liquid crystal alignment ability if
being radiated with light in an oblique direction. In such a
method, after the vertical alignment film is formed by using
the vertical alignment material having photo-alignment char-
acteristics, the vertical alignment film is irradiated with light
in an oblique direction, and thereby the anisotropic liquid
crystal alignment ability is expressed. For example, in the
following Japanese Unexamined Patent Application Publica-
tion No. 2001-242465 (pp. 7-8, Examples 6, 4, and 1, and
FIG. 1), a method of forming a vertical alignment polyimide
film and irradiating the film with light twice in different
irradiation directions is proposed, and an example in which
the pretilt angle of a formed vertical alignment liquid crystal
cell is 88 degree (tilt from the normal line direction of the
substrate face is 2 degree) is reported.

[0037] Though different from the method of processing the
vertical alignment film, in the following Japanese Unexam-
ined Patent Application Publication No. 2002-357830 (pp.
9-10 and FIG. 1), a liquid crystal display unit in MVA mode
in which the alignment direction of liquid crystal molecules
when an electric field is not applied is slightly tilted from the
normal line direction of the substrate face by forming a poly-
mer hardened material aligned in a certain direction in the
liquid crystal layer is proposed. The polymer hardened mate-
rial is formed as follows. A small amount of light hardened
liquid crystalline monomer is mixed in a liquid crystal layer.
After aliquid crystal cell is assembled, a voltage is applied to
the liquid crystal layer, and liquid crystal molecules and the
liquid crystalline monomer are aligned. In this state, the lig-
uid crystal layer is irradiated with ultraviolet light. The poly-
mer hardened material desirably includes a liquid crystalline
framework to effectively control the alignment of the liquid
crystal molecules.

[0038] As described above, except for the rubbing treat-
ment, as a method of aligning the liquid crystal molecules in
adirection slightly tilted from the normal line direction of the
substrate face, the structure using the vertical alignment film
made of a light-alignment material is proposed in Japanese
Unexamined Patent Application Publication No. 2001-
242465 and the like. Further, the structure in which the poly-
mer hardened material to align the liquid crystal molecules is
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provided in the liquid crystal layer is proposed in Japanese
Unexamined Patent Application Publication No. 2002-
357830.

[0039] However, in the structure using the photo-alignment
material, it is insufficient as regarding long-time driving and
thermal reliability. Further, in the structure providing the
alignment-use structure in the liquid crystal layer such as
Japanese Unexamined Patent Application Publication No.
2002-357830, there is concern that the voltage retention ratio
is lowered due to mixing ionic impurities into the liquid
crystal layer, operation characteristics and optical character-
istics of the liquid crystal display device are impaired by the
alignment-use structure.

[0040] In Japanese Unexamined Patent Application Publi-
cation No. 2-43517 and Japanese Patent No. 3572787, the
methods of manufacturing the alignment film made of the
aligned liquid crystalline material are proposed. However,
these methods are the methods of manufacturing the horizon-
tal alignment film having a pretilt angle of about 10 degree,
for example, and not a method of manufacturing a vertical
alignment film. For example, it is not impossible to form a
vertical alignment film having a pretilt angle close to 90
degree only by simply changing the directions of an applied
magnetic field and an applied electric field while the compo-
nent material of the horizontal alignment film and the method
of manufacturing it proposed in Japanese Patent No. 3572787
are not changed.

SUMMARY

[0041] Inview ofthe foregoing, it is an object of the present
disclosure to provide a highly reliable vertical alignment film
for aligning display-use liquid crystal molecules in a direc-
tion slightly tilted from the normal line direction of the sub-
strate face and a method of manufacturing the vertical align-
ment film, a vertical alignment substrate including the
vertical alignment film and a method of manufacturing the
vertical alignment substrate, and a liquid crystal display
device.

[0042] That is, in an embodiment a vertical alignment film
is provided to be contacted with a display-use liquid crystal
molecule layer for at least one of substrates in a liquid crystal
display device having the display-use liquid crystal molecule
layer and the substrates arranged with the display-use liquid
crystal molecule layer in between, and that controls an align-
ment direction of display-use liquid crystal molecules in the
display-use liquid crystal molecule layer approximately ver-
tically to a substrate face of the substrate. The vertical align-
ment film is formed from a layer composed of polymerizable
liquid crystal molecules that have a crystalline framework,
and have characteristics to align a director (alignment vector)
vertically to an interface with a dissimilar material and poly-
merizable characteristics. At least part of the polymerizable
liquid crystal molecules is polymerized in the case where the
layer composed of the polymerizable liquid crystal molecules
is in a state of liquid crystal and in a state that the director is
aligned in a direction slightly tilted from a normal line direc-
tion of the substrate face, the layer composed of the polymer-
izable liquid crystal molecules is changed into a layer formed
from a complex composed of the unreacted polymerizable
liquid crystal molecules and a polymerizable liquid crystal
molecule polymer and hardened, and thereby the vertical
alignment film is formed. The alignment direction of the
director in the complex is fixed in the direction slightly tilted
from the normal line direction of the substrate face.
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[0043] It is enough that the polymerizable liquid crystal
molecules are polymerized to the degree that the complex is
hardened and the alignment direction of the liquid crystalline
framework in the complex is surely fixed. The foregoing
description, “at least part of the polymerizable liquid crystal
molecules is polymerized” means that the unreacted poly-
merizable liquid crystal molecules in some degree may be left
in the complex if such a condition is satisfied. It is not neces-
sary to totally eliminate the unreacted polymerizable liquid
crystal molecules, and in actuality, it is not possible to totally
eliminate the unreacted polymerizable liquid crystal mol-
ecules. Further, it is often the case that the polymerizable
liquid crystal molecules are a polymerizable monomer, but
may be an oligomer such as a dimer.

[0044] Further, in an embodiment a method of forming a
vertical alignment film that is provided to be contacted with a
display-use liquid crystal molecule layer for at least one of
substrates in a liquid crystal display device having the dis-
play-use liquid crystal molecule layer and the substrates
arranged with the display-use liquid crystal molecule layer in
between, and that controls an alignment direction of display-
use liquid crystal molecules in the display-use liquid crystal
molecule layer approximately vertically to a substrate face of
the substrate is provided. The method includes: forming a
layer composed of polymerizable liquid crystal molecules
that have a crystalline framework, and have characteristics to
align a director (alignment vector) vertically to an interface
with a dissimilar material and polymerizable characteristics
for the substrate; aligning the director in a direction slightly
tilted from a normal line direction of the substrate face while
keeping the layer composed of the polymerizable liquid crys-
tal molecules in a state of liquid crystal; and polymerizing at
least part of the polymerizable liquid crystal molecules in the
foregoing state that the director is aligned, changing the layer
composed of the polymerizable liquid crystal molecules into
a layer formed from a complex composed of the unreacted
polymerizable liquid crystal molecules and a polymerizable
liquid crystal molecule polymer and hardening the layer. As
the vertical alignment film, the layer composed of the com-
plex in which the alignment direction of the director is fixed
in the direction slightly tilted from the normal line direction of
the substrate face is formed.

[0045] Further, in an embodiment a vertical alignment sub-
strate is provided and is arranged to be contacted with a
display-use liquid crystal molecule layer of a liquid crystal
display device, characterized in that the vertical alignment
film is provided on a face side contacted with the display-use
liquid crystal molecule layer. Further, an embodiment relates
to a method of manufacturing a vertical alignment substrate
arranged to be contacted with a display-use liquid crystal
molecule layer of a liquid crystal display device, character-
ized in that a step of forming a vertical alignment film on a
face side contacted with the display-use liquid crystal mol-
ecule layer by the method of forming a vertical alignment film
1s included.

[0046] Further, in an embodiment a liquid crystal display
device includes: a display-use liquid crystal molecule layer;
and substrates arranged oppositely with the display-use liquid
crystal molecule layer in between, characterized in that the
vertical alignment film is provided for at least one of the
substrates so that the vertical alignment film is contacted with
the display-use liquid crystal molecule layer. An alignment
direction of the display-use liquid crystal molecules when an
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electric field is not applied is controlled in a direction slightly
tilted from a normal line direction of the substrate face.

[0047] The vertical alignment film of the embodiment is
characterized in that at least part of the polymerizable liquid
crystal molecules is polymerized, the layer composed of the
polymerizable liquid crystal molecules is changed into the
layer formed from the complex composed of the unreacted
polymerizable liquid crystal molecules and the polymeriz-
able liquid crystal molecule polymer and hardened, and
thereby the vertical alignment film is formed, and that the
alignment direction of the director in the complex forming the
vertical alignment film is fixed in the direction slightly tilted
from the normal line direction of the substrate face. The
polymerizable liquid crystal molecules and the polymer in the
complex having the liquid crystalline framework aligned as
above align the long axis of the display-use liquid crystal
molecules arranged contacted therewith in a direction slightly
tilted from the normal line direction of the substrate face by
interaction between the liquid crystal molecules.

[0048] Inan embodiment, the method of forming a vertical
alignment film includes: forming the layer composed of the
polymerizable liquid crystal molecules that have the crystal-
line framework, and have the characteristics to align the
director (alignment vector) vertically to the interface with a
dissimilar material and the polymerizable characteristics for
the substrate; and aligning the director in the direction
slightly tilted from the normal line direction of the substrate
face while keeping the layer composed of the polymerizable
liquid crystal molecules in the state of liquid crystal. As the
polymerizable liquid crystal molecules, the molecules that
have the characteristics to align the director vertically to the
interface with a dissimilar material are used. Therefore, in the
layer composed of the polymerizable liquid crystal mol-
ecules, the step of aligning the director in the direction
slightly tilted from the normal line direction of the substrate
face is able to be easily performed by using an action of a
magnetic field or the like.

[0049] Further, as a material forming the vertical alignment
film, the polymerizable liquid crystal molecules that have the
polymerizable characteristics are used. Therefore, by the step
of polymerizing at least part of the polymerizable liquid crys-
tal molecules in the foregoing state that the director is aligned,
changing the layer composed of the polymerizable liquid
crystal molecules into the layer formed from the complex
composed of the unreacted polymerizable liquid crystal mol-
ecules and the polymerizable liquid crystal molecule polymer
and hardening the layer, the alignment of the director is able
1o be fixed.

[0050] Accordingly, the vertical alignment film in which
alignment of the director is well ordered is able to be surely
formed.

[0051] Further, in the vertical alignment substrate of the
embodiment, the vertical alignment film is provided on the
face side contacted with the display-use liquid crystal mol-
ecule layer. Therefore, the vertical alignment substrate func-
tions as a substrate to express the function of the vertical
alignment film. Further, the method of manufacturing a ver-
tical alignment substrate includes the step of forming the
vertical alignment film on the face side contacted with the
display-use liquid crystal molecule layer by the method of
forming a vertical alignment film. Therefore, the vertical
alignment film in which alignment of the director is well
ordered is able to be surely formed.
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[0052] In the liquid crystal display device, the vertical
alignment film is provided to be contacted with the display-
use liquid crystal molecule layer for at least one of the sub-
strates, and the alignment direction of the display-use liquid
crystal molecules when an electric field is not applied is
controlled in the direction slightly tilted from the normal line
direction of the substrate face. Therefore, when an electric
field is applied, the tilt direction of the display-use liquid
crystal molecules is not irregular, and favorable operation
characteristics and favorable optical characteristics as aliquid
crystal display device are able to be realized. Furthermore, the
alignment of the all display-use liquid crystal molecules are
concurrently changed. Thus, compared to the liquid crystal
display device in MVA mode or in PVA mode in which
alignment of the other liquid crystal molecules is changed in
a domino fashion, which is spread from partial liquid crystal
molecules as the origin point, faster response speed is able to
be realized.

[0053] Inthe vertical alignment film, it is preferable that the
layer composed of the polymerizable liquid crystal molecules
is alayer that has been once in a state of liquid crystal in which
the director is aligned vertically to the substrate face and then
has changed to the state in which the director is aligned in the
direction slightly tilted from the normal line direction of the
substrate face. In this case, since the polymerizable liquid
crystal molecules are the molecules having characteristics to
align the director vertically to an interface, the polymerizable
liquid crystal molecules comparatively easily come into a
state of liquid crystal in which the director is aligned verti-
cally to the substrate face, and each alignment direction of
each polymerizable liquid crystal molecule is easily ordered.
In the case where only the orientation of the director of this
layer is slightly changed when characteristics of the polymer-
izable liquid crystal molecules to regulate respective align-
ment directions by interaction between the liquid crystal mol-
ecules and to cooperatively behave are expressed, the
previous state is changed to the state in which the director is
aligned in the direction slightly tilted from the normal line
direction of the substrate face. Therefore, a layer in which the
alignment direction of each polymerizable liquid crystal mol-
ecule in the layer is uniformly ordered in a given direction is
formed.

[0054] Further, the alignment direction of the director in the
complex is preferably in a direction tilted by 0.1 to 20 degree
from the normal line direction of the substrate face. The
alignment direction of the director in the complex is desirably
in a direction tilted by 1 to 10 degree from the normal line
direction, and more desirably tilted by 1 to 5. In the case
where the alignment direction is excessively small, the func-
tion to incline the display-use liquid crystal molecules is
hardly expressed. Meanwhile, in case where the alignment
direction is excessively large, in-plane retardation tends to
become large, and front face contrast tends to be lowered. In
this case, the alignment direction of the director represents the
average alignment direction in the long axis direction of the
liquid crystalline framework, and is able to be obtained from,
for example, tilt angle (incident angle) dependence of retar-
dation. Then, it is necessary to consider that in the case where
light diagonally enters the liquid crystal layer from the air, an
angle of light actually passing the liquid crystal layer is
smaller than the incidence angle of the light entering the
interface with the liquid crystal layer from the air due to
refraction of light at the interface.
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[0055] In this case, the alignment direction of the liquid
crystal display device when an electric field is not applied is
able to be controlled in a direction tilted by 0.1 to 5 degree
from the normal line direction of the substrate face. The
alignment direction is desirably a direction tilted by 0.5 to 2.5
degree from the normal line direction, and more preferably a
direction tilted by 0.8 to 1.5 degree from the normal line
direction. The tilt angle of the display-use liquid crystal mol-
ecules is able to be examined by, for example, crystal rotation
method. In the case that where the tilt in the alignment direc-
tion of the liquid crystal display device is excessively small,
effect to determine the regular tilt direction of the display-use
liquid crystal molecules when an electric field is applied, and
effect to realize fast response speed by concurrent alignment
change of the all display-use liquid crystal molecules are not
obtained. Meanwhile, in the case where the tilt in the align-
ment direction of the liquid crystal display device is exces-
sively large, in-plane retardation is generated by optical
anisotropy of the aligned liquid crystal display device, light
transmission factor in the time of blocking becomes exces-
sively large, and front face contrast is lowered down to an
unacceptable level.

[0056] Further, the polymerizable liquid crystal molecules
preferably have at least one functional group selected from
the group consisting of an acryloyloxy group, a methacryloy-
loxy group, a vinyl ether group, and an epoxy group as a
polymerizable functional group. These functional groups are
able to be polymerized by irradiation of ultraviolet ray, infra-
red ray, or electron ray, and/or heating. To make the polymer-
izable liquid crystal molecules come into the alignment state
slightly tilted from the normal line direction of the substrate
face, it is preferable that firstly the polymerizable liquid crys-
tal molecules are aligned almost totally perpendicular to the
substrate face, and then the alignment direction is slightly
tilted. To align the polymerizable liquid crystal molecules
vertically to the substrate face, the polymerizable functional
group is preferably the acryloyloxy group or the methacry-
loyloxy group.

[0057] Further, the polymerizable liquid crystal molecules
are preferably molecules having large magnetic susceptibility
anisotropy. In this case, in the case where the liquid crystal-
line framework of the polymerizable liquid crystal molecules
is aligned by a magnetic field, the magnetic field effectively
acts o the polymerizable liquid crystal molecules. Diamag-
netism shown by molecules are largely expressed, for
example, in the case where local existence of n electron such
as a benzene ring is released and a circular current is formed
qualitatively. Therefore, the polymerizable liquid crystal
molecules are preferably a molecule having an aromatic ring.
The larger number of aromatic rings in the molecule is pref-
erable, since thereby anisotropy of the diamagnetic suscepti-
bility becomes larger.

[0058] Then, to align the polymerizable liquid crystal mol-
ecules by a magnetic field, the polymerizable liquid crystal
molecules are preferably a bar-like molecule. The reason
thereof is as follows. In the benzene ring exposed in the
magnetic field, when the plane of the benzene ring is perpen-
dicular to the direction of the magnetic field, energy becomes
highest, and when the plane of the benzene ring is in parallel
with the direction of the magnetic field, energy becomes
lowest. Therefore, the polymerizable liquid crystal molecules
in the magnetic field are aligned so that the benzene ring in the
molecules is in parallel with the magnetic field. In the case
where the polymerizable liquid crystal molecules are the
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bar-like molecule, the orientation of the director corresponds
with the direction of the molecular framework including the
benzene ring, and thus the director is aligned in the direction
of the magnetic field. As a result, the direction of the director
is able to be determined only by application of the magnetic
field. Meanwhile, in the case where the polymerizable liquid
crystal molecules are a disk-like molecule, the direction of the
director is perpendicular to the plane of the molecule frame-
work including the benzene ring. Therefore, the director is
aligned perpendicular to the direction of the magnetic field.
As a result, the direction of the director is not determined
uniquely only by the application of the magnetic field. To
determine the direction of the director, it is necessary to use
another method in addition to the magnetic field.

[0059] Further, in each pixel, the layer composed of the
complex is preferably formed as a pattern composed of a
plurality of regions in which the tilt direction of the director is
different from each other. In this case, the pixel is formed in a
multidomain fashion, and view angle dependence of the lig-
uid crystal display device is able to be kept small.

[0060] The display-use liquid crystal molecules are prefer-
ably aligned in a direction tilted by 0.1 to 5 degree from the
normal line direction of the substrate face, desirably in a
direction tilted by 0.5 to 2.5 degree from the normal line
direction of the substrate face, and more desirably in a direc-
tion tilted by 0.8 to 1.5 degree from the normal line direction
ofthe substrate face. Thereason thereofis as described above.
[0061] Further, the display-use liquid crystal molecules are
preferably aligned tilted in the opposite direction of the align-
ment direction of the director in relation to the normal line
direction ofthe substrate face. Such an example was observed
in an example. In this case, tone change due to change of the
vie angle is inhibited, and effect to resolve view angle depen-
dence is obtained.

[0062] Mechanism that the tilt direction of the director 1s
opposite to the tilt direction of the display-use liquid crystal
molecules is currently unknown. Alignment of the director in
a bulk of the layer composed of the polymerizable liquid
crystal molecules when a magnetic field is applied is under-
stood by so-called continuous elastic body theory. In this
case, in the central section in the film thickness direction of
the layer composed of the polymerizable liquid crystal mol-
ecules, the liquid crystalline framework is aligned in the
magpetic direction most. The alignment direction of the
director in the bulk is able to be measured by measuring tilt
angle dependence of retardation or the like.

[0063] Meanwhile, it is the liquid crystalline framework
located on the surface of the layer composed of the complex,
that is, the liquid crystalline framework of the polymerizable
liquid crystal molecules that have occupied the surface of the
layer composed of the polymerizable liquid crystal molecules
to directly control the alignment of the display-use liquid
crystal molecules. The crystalline framework is contacted
with air such as nitrogen atmosphere, and it is not always
depict it by the totally same elastic body theory as that of the
bulk. For example, in a free interface, according to the rela-
tion of surface energy, a specific group in the polymerizable
liquid crystal molecules is possibly arranged toward the free
interface. Further, it is conceived that in the interface between
the layer composed of the polymerizable liquid crystal mol-
ecules and an air layer, the density is continuously changed,
which may be regarded as a state changing from a liquid
crystal phase to an isotropic phase. Accordingly, the polymer-
izable liquid crystal molecules on the surface are aligned in a
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direction different from the direction of the polymerizable
liquid crystal molecules in the bulk. As a result, it is possible
that the display-use liquid crystal molecules are aligned tilted
in the opposite direction of the direction in which the director
1s aligned (in the bulk) in relation to the normal line direction
of the substrate.

[0064] In the method of forming a vertical alignment film,
it is preferable that before the step of aligning the director, a
treatment to make the polymerizable liquid crystal molecules
come into a state of liquid crystal in which the director is
aligned vertically to the substrate face in the layer composed
of the polymerizable liquid crystal molecules is performed.
The polymerizable liquid crystal molecules are the molecule
having the characteristics to align the director vertically to an
interface. Therefore, it is comparatively easy to make the
polymerizable liquid crystal molecules come into the state of
liquid crystal in which the director is aligned vertically to the
substrate face. In the case where the orientation of the director
of this layer is changed, change portion in the alignment
direction of the director may be small. Further, characteristics
that the polymerizable liquid crystal molecule regulates each
alignment direction by interaction between the liquid crystal
molecules and behaves cooperatively are able to be used.
Therefore, each polymerizable liquid crystal molecule in the
layer is able to be aligned in a given direction uniformly and
orderly.

[0065] Then, after the step of forming the layer composed
of the polymerizable liquid crystal molecules and before the
step of aligning the director, a step of increasing temperature
of the layer composed of the polymerizable liquid crystal
molecules, once making the polymerizable liquid crystal
molecules come into a state of isotropic phase, and then
gradually lowering the temperature of the layer composed of
the polymerizable liquid crystal molecules, and thereby mak-
ing the polymerizable liquid crystal molecules come into a
state of liquid crystal in which the director is aligned verti-
cally to the substrate face is preferably performed. In the case
where once the polymerizable liquid crystal molecules come
into the state of isotropic phase as described above, a state of
the initial layer composed of the polymerizable liquid crystal
molecules divided into many small regions in which though
the alignment direction of the polymerizable liquid crystal
molecules is ordered in every small region, each alignment
direction of the polymerizable liquid crystal molecules varies
according to each small region, and a state in which a defect
such as disclination exists are resolved, and then the layer
composed of the polymerizable liquid crystal molecules is
gradually cooled during a sufficient time to align the poly-
merizable liquid crystal molecules in an optimal state, and
thereby a layer in which alignment of almost all polymeriz-
able liquid crystal molecules is ordered in one direction per-
pendicular to the interface is able to be formed.

[0066] Further, the director in the layer composed of the
polymerizable liquid crystal molecules is preferably aligned
in a direction tilted by 0.1 to 20 degree from the normal line
direction of the substrate face, desirably in a direction tilted
by 1 to 10 degree from the normal line direction of the sub-
strate face, and more desirably in a direction tilted by 1 to 5
degree from the normal line direction of the substrate face by
the magnetic field. The reason thereof is as described above.
[0067] Further, the polymerizable liquid crystal molecules
are preferably polymerized by irradiation of ultraviolet ray,
infrared ray, or electron ray, and/or heating. As a method of
polymerizing the polymerizable liquid crystal molecules,
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these methods are cited, but the method is not particularly
limited thereto. However, radiation of ultraviolet ray is most
preferable, since therewith various polymerizable liquid crys-
tal molecules are able to beapplied and it is easy to implement
it. In this case, as described above, as the polymerizable liquid
crystal molecules, molecules having at least one functional
group selected from the group consisting of an acryloyloxy
group, a methacryloyloxy group, a vinyl ether group, and an
epoxy group as a polymerizable functional group is prefer-
ably used.

[0068] Further, the director is preferably aligned in the
direction slightly tilted from the normal line direction of the
substrate face by applying a magnetic field to the layer com-
posed of the polymerizable liquid crystal molecules kept in
the state of liquid crystal. In this case, as described above, as
the polymerizable liquid crystal molecules, molecules having
large magnetic susceptibility anisotropy such as molecules
having an aromatic ring are preferably used. However, the
method is not limited to the foregoing method, but for
example, the director may be aligned by an electric field.
[0069] Further, it is preferable to perform a step of poly-
merizing the polymerizable liquid crystal molecules in partial
regions in each pixel by radiation of ultraviolet ray, infrared
ray, or electron ray with the use of a photo mask is performed
for every plurality of regions in a pixel while changing an
application direction of a magnetic field, and thereby in each
pixel, the layer composed of the complex is preferably
formed as a pattern composed of a plurality of regions in
which a tilt direction of the crystalline framework is different
from each other. In this case, the pixel is easily and surely
changed into a state of multidomain, and thereby the view
angle dependence of the liquid crystal display device is kept
small.

[0070] Inthe liquid crystal display device, it is preferable
that the vertical alignment films are provided for the both
substrates, and each aligmnent direction of the crystalline
framework in the respective films arranged oppositely is in
parallel with each other in the two vertical alignment films. In
this case, each alignment direction of each long axis of the
display-use liquid crystal molecules controlled by the two
vertical alignment films becomes in parallel with each other,
and the display-use liquid crystal molecules are aligned uni-
formly tilted from the normal line direction of the substrate
face. The vertical alignment film may be provided for only
one of the substrates.

[0071] Further, the alignment direction of the display-use
liquid crystal molecules when an electric field is not applied
is preferably a direction tilted from the normal line direction
of the substrate by 0.1 to 5 degree, desirably by 0.5 to 2.5
degree, and more desirably by 0.8 to 1.5 degree. The reason
thereof is as described above.

[0072] Further, the alignment direction of the display-use
liquid crystal molecules when an electric field is not applied
1s preferably the opposite direction of the alignment direction
of the crystalline framework in the vertical alignment film in
relation to the normal line direction of the substrate face.
[0073] Further, an optical compensated layer to eliminate
optical anisotropy generated by the vertical alignment film
and the display-use liquid crystal molecules when an electric
field is not applied is preferably provided. The optical com-
pensated layer is able to be formed from a negative C plate
having the same alignment direction as that of the vertical
alignment film. In this case, the foregoing optical anisotropy
is eliminated, and thereby increase of the light transmission
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factor in the time of light blocking and contrast lowering due
to the foregoing optical anisotropy are kept to a minimum.
[0074] Further, the liquid crystal display device may be
structured as a transmissive liquid crystal display device that
forms a transmissive liquid crystal display unit in combina-
tion with a backlighting unit.

[0075] Other and further objects, features and advantages
will appear more fully from the following description.
[0076] Additional features and advantages are described
herein, and will be apparent from the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0077] FIGS. 1A and 1B are partial cross sectional views
showing structures of a vertical alignment film and a liquid
crystal display device according to a first embodiment;
[0078] FIGS. 2A to 2C are partial cross sectional views
showing a flow of steps of forming the vertical alignment
film, a vertical alignment substrate, and the liquid crystal
display device according to the first embodiment;

[0079] FIGS. 3A and 3B are partial cross sectional views
showing a flow of steps of forming the vertical alignment
film, the vertical alignment substrate, and the liquid crystal
display device according to the first embodiment;

[0080] FIG. 4 is a partial cross sectional view showing a
structure of a liquid crystal display device based on a modi-
fied example of the first embodiment;

[0081] FIGS. 5A and 5B are partial cross sectional views
showing structures of a vertical alignment film and a liquid
crystal display device according to a second embodiment;
[0082] FIGS. 6A to 6C are partial cross sectional views
showing a flow of steps of forming the vertical alignment
film, a vertical alignment substrate, and the liquid crystal
display device according to the second embodiment;

[0083] FIGS. 7A and 7B are partial cross sectional views
showing a flow of steps of forming the vertical alignment
film, the vertical alignment substrate, and the liquid crystal
display device according to the second embodiment;

[0084] FIG. 8A isa graph showing a measurement result of
retardation of a vertical alignment substrate of an example,
FIG. 8B is an explanation diagram showing a measurement
direction, and FIG. 8C is a cross sectional view of a liquid
crystal cell;

[0085] FIG.9A isa graph showing a measurement result of
retardation of a vertical alignment substrate of a comparative
example, FIG. 9B is an explanation diagram showing a mea-
surement direction, and FIG. 9C is a cross sectional view of a
liquid crystal cell;

[0086] FIGS. 10A and 10B are photographs showing
change of an external appearance of the liquid crystal cells
when a voltage applied to the liquid crystal cells of Example
1 and Comparative example 1 is turned on and off;

[0087] FIGS. 11A and 11B are observation images by a
polarization microscope when a voltage is applied to the
liquid crystal cells of Example 1 and Comparative example 1,
[0088] FIG. 12A is a graph showing a measurement result
of retardation of the liquid crystal cell of the example, FIG.
12Bis an explanation diagram showing a measurement direc-
tion, and FIG. 12C is a cross sectional view of the liquid
crystal cell;

[0089] FIG. 13A is a graph showing a measurement result
of retardation of the liquid crystal cell of the example, FIG.
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13B is an explanation diagram showing a measurement direc-
tion, and FIG. 13C is a cross sectional view of the liquid
crystal cell;

[0090] FIG. 14A is a graph showing a measurement result
of retardation of the liquid crystal cell of the comparative
example, FIG. 14B is an explanation diagram showing a
measurement direction, and FIG. 14C is a cross sectional
view of the liquid crystal cell;

[0091] FIGS. 15A and 15B are graphs showing a result of
measuring retardation while applying a voltage for the liquid
crystal cell of the example;

[0092] FIG. 16 is a partial cross sectional view showing a
basic structure of an existing liquid crystal display device;
[0093] FIG. 17A is an explanation view showing an align-
ment technology used in TN mode, IPS mode, ECB mode,
OCB mode and the like; and FIG. 17B is an explanation view
showing an example of a horizontal alignment film;

[0094] FIGS. 18A and 18B are partial cross sectional views
showing an alignment technology used in VA mode;

[0095] FIGS. 19A and 19B are partial cross sectional views
showing an alignment technology used in MVA mode; and
[0096] FIGS. 20A and 20B are partial cross sectional views
showing an alignment technology used in PVA mode.

DETAILED DESCRIPTION

[0097] Next, embodiments will be hereinafter described
more specifically with reference to the drawings.

First Embodiment

[0098] Inthe first embodiment, descriptions will be mainly
given of an example of a vertical alignment film described in
claims 1 to 8 and 13 and a method of manufacturing it
described in claims 14 to 24, a vertical alignment substrate
and a method of manufacturing it described in claims 26 and
27, and a liquid crystal display device described in claims 28
to 35.

[0099] FIGS. 1A and 1B are partial cross sectional views
showing structures of the vertical alignment film, the vertical
alignment substrate, and the liquid crystal display device
based on the first embodiment. A liquid crystal display device
10 is structured as a liquid crystal display device that operates
in VA (Vertical Alignment) mode. FIG. 1A shows an align-
ment state of a display-use liquid crystal molecules 11 when
an electric field is not applied.

[0100] Inthe liquid crystal display device 10, a liquid crys-
tal cell 9 is formed from a liquid crystal layer 1 as the fore-
going display-use liquid crystal molecule layer and a pair of
transparent substrates 2a and 25 oppositely arranged with the
liquid crystal layer 1 in between. On the outer face sides of the
transparent substrates 2a and 2b, a pair of polarization plates
6a and 6b are respectively arranged. The transparent sub-
strates 2a and 25 as the substrate are made of a glass substrate
or the like. On the inner face side of the transparent substrate
2a, atransparent electrode 3a and a vertical alignment film 4a
are formed. On the inner face side of the transparent substrate
25, an (not-shown) color filter composed of three primary
colors R (red), G (green), and B (blue), atransparent electrode
3b, and a vertical alignment film 45 are formed. The trans-
parent electrodes 3a and 35 are composed of, for example,
ITO (Indium Tin Oxide) or the like. The transparent substrate
2a and the transparent substrate 25 respectively provided with
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the vertical alignment film 44 and the vertical alignment film
4b are a vertical alignment substrate 5a and a vertical align-
ment substrate 5é.

[0101] The display-use liquid crystal molecules 11 com-
posing the liquid crystal layer 1 are molecules having char-
acteristics to be aligned vertically to an interface with a dis-
similar material. Therefore, when an electric field is not
applied, as shown in FIG. 1A, the display-use liquid crystal
molecules 11 are homeotropic-aligned almost vertically to a
face of the transparent substrate 2 (hereinafter 2a and 2b are
collectively referred to as 2, and the same is applied to the
other members). However, the alignment direction of the
display-use liquid crystal molecules 11 is not totally vertical
to the face of the transparent substrate 2. The reason thereof is
that the long axis of the display-use liquid crystal molecules
11 is controlled to be aligned in a direction slightly tilted from
the normal line direction of the transparent substrate 2, for
example, in the direction tilted by 0.1 to 5 degree, desirably by
0.5 to 2.5 degree, and more desirably by 0.8 to 1.5 degree by
action of the vertical alignment film 4 based on the present
application.

[0102] The vertical alignment film 4 is formed from, as a
starting point, a layer composed of polymerizable liquid crys-
tal molecules 12 that have a crystalline framework and that
have characteristics to align the director (alignment vector)
vertically to an interface with a dissimilar material and poly-
merizable characteristics. That is, in the layer composed of
the polymerizable liquid crystal molecules 12 formed on the
transparent substrate 2, at least part of the polymerizable
liquid crystal molecules 12 composing the layer is polymer-
ized in a state of liquid crystal and in a state that the director
is slightly tilted from the normal line direction of the trans-
parent substrate 2. Thereby, the layer composed of the poly-
merizable liquid crystal molecules 12 is changed into a layer
formed from a complex 14 composed of the unreacted poly-
merizable liquid crystal molecules 12 and a polymerizable
liquid crystal molecule polymer 13, and hardened.

[0103] As aresult, the alignment direction of the director in
the complex 14 composing the vertical alignment film 4 is
fixed in a direction slightly tilted from the normal line direc-
tion of the transparent substrate 2, for example, in the direc-
tion tilted by 0.1 to 20 degree, desirably by 1 to 10 degree, and
more desirably by 1 to 5 degree. Due to interaction between
the liquid crystal molecules, the crystalline framework
slightly tilted from the normal line direction of the transparent
substrate 2 is able to align the long axis of the display-use
liquid crystal molecules 11 in a direction slightly tilted from
the normal line direction of the transparent substrate 2, for
example, in the directiontilted by 0.1 to 5 degree, desirably by
0.5 to 2.5 degree, and more desirably by 0.8 to 1.5 degree.
FIG. 1A shows an example that the liquid crystalline frame-
work in the vertical alignment film 4 aligns the display-use
liquid crystal molecules 11 in an opposite tilt direction of the
tilt direction of the director in relation to the normal line
direction of the transparent substrate 2.

[0104] FIG. 1A shows an example that the vertical align-
ment films 4a and 45 are respectively provided for both the
transparent substrates 2a and 25, and each alignment direc-
tion of the director in the two vertical alignment films 4a and
44 is in parallel with each other. In this case, each alignment
direction of each long axis of the display-use liquid crystal
molecules 11 controlled by the two vertical alignment films
4a and 4b becomes in parallel with each other, and the dis-
play-use liquid crystal molecules 11 are aligned uniformly
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tilted from the normal line direction of the main face of the
transparent substrate 2. Though FIG. 1A shows an example
that the vertical alignment film is provided for the both trans-
parent substrates 2a and 25, the vertical alignment film may
be provide for only one of the transparent substrates 2a and
2b.

[0105] Thepolymerizable liquid crystal molecules 12 pref-
erably have at least one functional group selected from the
group consisting of an acryloyloxy group, a methacryloyloxy
group, a vinyl ether group, and an epoxy group as a polymer-
izable functional group. These functional groups are able to
be polymerized by irradiation of ultraviolet ray, infrared ray,
or electron ray, and/or heating. Specially, a polymerizable
functional group having characteristics being polymerized by
irradiation of ultraviolet ray is preferable, since such a func-
tional group is able to be easily polymerized by irradiation of
ultraviolet ray. To keep the polymerizable liquid crystal mol-
ecules 12 in a state of alignment slightly tilted from the
normal line direction of the substrate face of the transparent
substrate 2, it is preferable that firstly the polymerizable lig-
uid crystal molecules 12 are aligned almost totally vertically
to the substrate face, and then the alignment direction is
slightly tilted. To align the polymerizable liquid crystal mol-
ecules 12 vertically to the substrate face, the polymerizable
functional group is preferably an acryloyloxy group or a
methacryloyloxy group.

[0106] Further, as described before, the polymerizable lig-
uid crystal molecules 12 are preferably molecules having
large magnetic susceptibility anisotropy. Thereby, in the case
where the crystalline framework of the polymerizable liquid
crystal molecules 12 is aligned by a magnetic field, the mag-
netic field effectively acts on the polymerizable liquid crystal
molecules 12. To this end, the polymerizable liquid crystal
molecules 12 are preferably molecules having an aromatic
ring. The larger number of aromatic rings in the molecule is
preferable, since thereby anisotropy of dimagnetic suscepti-
bility becomes large. The polymerizable liquid crystal mol-
ecules 12 are preferably bar-like molecules in order to control
the orientation of the director by only the magnetic field.
[0107] Further, the polymerizable liquid crystal molecules
12 preferably have characteristics that the layer composed of
the polymerizable liquid crystal molecules 12 is easily
formed by providing coating method or the like. That is, it is
necessary that the coating uniformity and the stability thereof
on the transparent electrode 2 such as ITO are also consid-
ered. The stability herein means that cohesion and alignment
change are hardly generated during the period from coating to
the step of polymerizing the polymerizable liquid crystal
molecules 12. Further, since it is essential that the polymer-
izable liquid crystal molecules 12 have a function to align the
display-use liquid crystal molecules 11, it is preferable that an
interfacial active agent and a polymerization inhibitor that are
materials other than the polymerizable liquid crystal mol-
ecules 12 are not contained as much as possible.

[0108] According to the temperature range in which the
liquid crystal state is kept, drying conditions of the solvent,
and alignment treatment conditions, it is possible to mix
several types of the polymerizable liquid crystal molecules 12
and adjust the liquid crystal temperature range as appropriate.
Further, in view of ability to realize a nematic phase at room
temperature, a monofunctional polymerizable liquid crystal
molecules are able to be used preferably as the polymerizable
liquid crystal molecules 12.

[0109] Asmolecules to satisfy the foregoing conditions, the
polymerizable liquid crystal molecules 12 are, for example,
preferably the liquid crystal molecules shown in the follow-
ing formulas.
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Chemical formula 1

CH,==CH—CO—0 Cqlly

:

Chemical formula 2

CH,=—=CH—CO0—0 Cslly

é?

Chemical formula 3

CH,=—CH—C0—0 [oh: A

é?

Chemical formula 4

CH,=CH—CO—0 O—CgHyy

;

Chemical formula 5

CH,=—=CH—CO—0

CH;=CH—CO—OOCEC
CH2=CH—CO—OOCEC

CH,=CH—CO—0

CN

;

Chemical formula 6

Gl

J

Chemical formula 7

GsHyy

.

Chemical formula §

CoHyo

g

[0110] To enable the liquid crystal device 10 operate in VA
mode, as the display-use liquid crystal molecules 11, mol-
ecules that have the negative dielectric constant anisotropy,
and that have characteristics that the long axis of the mol-
ecules are aligned almost vertically to the electric field direc-
tion when an electric field is applied are used. Therefore, in
the case where a voltage is applied between the transparent
electrode 3a and the transparent electrode 35 and an electric
field is applied to the display-use liquid crystal molecules 11,
as shown in FIG. 1B, the display-use liquid crystal molecules
11 change the alignment direction close to a state that the long
axis thereof is aligned approximately vertically to the electric
field direction (state that the long axis is aligned in parallel
with the substrate face).

[0111] As the display-use liquid crystal molecules 11, for
example, the liquid crystal molecules shown in the following
general formula I are able to be used (refer to Japanese Unex-
amined Patent Application Publication No 8-104869).

General formula 1

R! R?
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[0112] Inthe formula, R' and R are respectively and inde-
pendently H, or an unsubstituted alkyl group/an unsubstituted
alkenyl group having carbon atoms up to 18 in number. One
CH, group or two or more nonadjacent CH, groups existing
in the group may be substituted with a group selected from the
group consisting of —O—, —S—, and —C=C—.

[0113] Further, the two piece of polarization plates 6a and
64 are arranged in a cross nicol state in which each polarizing
axis is perpendicular to each other. Therefore, the liquid crys-
tal display device 10 is operated as a normally black liquid
crystal display device in which when an electric field is not
applied and the display-use liquid crystal molecules 11 are
aligned almost vertically to the face of the transparent sub-
strate 2, almost no light is transmitted as shown in FIG. 1A,
and when an electric field is applied and the display-use liquid
crystal molecules 11 are aligned tilted from the normal line

direction of a substrate, light is transmitted as shown in FIG.
1B.

[0114] As described above, in the liquid crystal display
device 10, in the time of light blocking when an electric field
is not applied, the display-use liquid crystal molecules 11 are
not totally aligned vertically to the substrate face. Further, in
the vertical alignment film 4, the crystalline framework
aligned tilted to the normal line direction of the transparent
substrate 2 exists. Therefore, the light transmission factor in
the time of light blocking becomes slightly larger than the
minimum value determined by orthogonal nature of the polar-
ization plates 64 and 65, due to the optical anisotropy of the
display-use liquid crystal molecules and the optical anisot-
ropy of the liquid crystalline framework. As a result, com-
pared to the liquid crystal display device in VA mode and the
liquid crystal display device in PVA mode (refer to FIGS. 18A
and 18B), contrast is slightly lowered. However, such contrast
lowering is in a tolerable range, if the tilt of the display-use
liquid crystal molecules 11 from the normal line direction is,
for example, 0.1 to 5 degree, desirably 0.5 to 2.5 degree, and
more desirably 0.8 to 1.5 degree. Further, if necessary, as a
modified example described later, the contrast lowering is
able 10 be kept to a minimum by adding an optical compen-
sated layer for compensating the foregoing optical anisot-
ropy.

[0115] Theliquid crystal display device 10 is characterized
in as follows. That s, the alignment direction of the display-
use liquid crystal molecules 11 when an electric field is not
applied is controlled to be slightly tilted to a given direction
from the normal line direction of the transparent substrate 2
by the vertical alignment film 4. Therefore, when an electric
field is applied, the tilt direction of the display-use liquid
crystal molecules 11 is not irregular, and favorable operation
characteristics and favorable optical characteristics as aliquid
crystal display device are realized. Furthermore, the align-
ment of the all display-use liquid crystal molecules 11 are
concurrently changed. Thus, compared to the liquid crystal
display device in MVA mode or in PVA mode in which
alignment of the other liquid crystal molecules is changed in
a domino fashion, which is spread from partial liquid crystal
molecules as the origin point, the response speed becomes
higher.

[0116] FIGS. 2A to 2C and FIGS. 3A and 3B are partial
cross sectional views showing a flow of steps of forming the
vertical alignment film 4, the vertical alignment substrate 5,
and the liquid crystal display device 10 based on the first
embodiment.
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[0117] First, a solution in which the polymerizable liquid
crystal molecules 12 are dissolved in an appropriate solvent is
formed. As described before, the polymerizable liquid crystal
molecules 12 are molecules that have the crystalline frame-
work and that have characteristics to align the crystalline
framework vertically to an interface with a dissimilar mate-
rial. Further, in view of manufacture such as easiness of
formation steps, the polymerizable liquid crystal molecules
12 are desirably molecules having large magnetic suscepti-
bility, and desirably molecules having characteristics poly-
merizable by irradiation of ultraviolet ray As the polymeriz-
able liquid crystal molecules 12 to satisfy the foregoing
conditions, for example, 4-(4'-propyl)cyclohexyl-1-acryloy-
loxybenzene and 4-(p-propylphenyl)ethynyl-1-acryloyloxy-
benzene are used by mixture.

[0118] As the solvent to dissolve the polymerizable liquid
crystal molecules 12, a known solvent is able to be used.
Specially, a solvent that is highly dissolve the polymerizable
liquid crystal molecules 12, has low vapor pressure at room
temperature, and is hardly evaporated at room temperature is
preferable. In the case where a solvent that is easily evapo-
rated at room temperature is used, evaporation rate of the
solvent after the transparent substrate 2 is coated with the
solution of the polymerizable liquid crystal molecules 12 is
excessively high. Thus, in a layer 8A of the polymerizable
liquid crystal molecules 12 formed after evaporation of the
solvent, alignment of the polymerizable liquid crystal mol-
ecules 12 is easily disordered. There is a tendency that such
disorder is not able to be resolved even if alignment treatment
in which the layer 8A is gradually cooled after heating the
layer 8A up to temperature of liquid crystal-isotropic phase
transition temperature described later is provided. An inap-
propriate solvent that is easily evaporated at room tempera-
ture is, for example, acetone, methanol, ethanol and the like.
The solution ofthe polymerizable liquid crystal molecules 12
may be added with a polymerization initiator, a polymeriza-
tion inhibitor, an interfacial active agent and the like.

[0119] The transparent substrate 2a provided with the
transparent electrode 3a composed of ITO or the like is coated
with the foregoing solution by spin coat method or the like.
After that, the solvent is evaporated, and as shown in FIG. 24,
the layer 8a composed of the polymerizable liquid crystal
molecules 12 is formed. In the layer 8a, the polymerizable
liquid crystal molecules 12 are in a state of liquid crystal.
However, the layer 8a is divided into many small regions. In
each small region, though the alignment direction ofthe poly-
merizable liquid crystal molecules 12 is ordered, each align-
ment direction of the polymerizable liquid crystal molecules
12 varies according to each small region, and a defect such as
disclination also exists.

[0120] Next, temperature of the layer 8A composed of the
polymerizable liquid crystal molecules 12 is increased. Once
the layer 8A is changed into a layer 8B in which the polymer-
izable liquid crystal molecules 12 are in a state of isotropic
phase as shown in FIG. 2B, and then temperature of the layer
8B composed of the polymerizable liquid crystal molecules
12 is gradually lowered. Thereby, as shown in FIG. 2C, the
layer 8b is changed into a layer 8C in which the polymerizable
liquid crystal molecules 12 are in a state of liquid crystal. In
the layer 8C, almost all the polymerizable liquid crystal mol-
ecules 12 in the wide range of regions are aligned vertically to
the interface and in a state of one ordered liquid crystal, in a
manner, “in a state of one united liquid crystal” in a wide
range.
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[0121] It was found that the small regions having each
alignment direction of the polymerizable liquid crystal mol-
ecules 12 different from each other that existed in the layer 8A
in the initial state by obtaining the layer 8B in a state of
isotropic phase. After that, the layer 8B was gradually cooled
while providing sufficient time for aligning the polymerizable
liquid crystal molecules 12 in an optimal state. Thereby, the
layer 8C in which almost all the polymerizable liquid crystal
molecules 12 were ordered vertically to the interface and
which were “in a state of one united liquid crystal” in a wide
range was able to be formed.

[0122] Further, it was found that it was difficult to uni-
formly align the polymerizable liquid crystal molecules 12 in
the layer 8A in a given direction by straightly applying a
magnetic field to the layer 8A not in a state of uniform align-
ment, since, for example, the many small regions in which
each alignment direction of the polymerizable liquid crystal
molecules 12 was different from each other were formed.
However, in the case where a magnetic field was applied after
the layer 8B was changed into the layer 8C in which each
alignment direction of each polymerizable liquid crystal mol-
ecule 12 in the layer was ordered vertically to the interface
and which were “in a state of one united liquid crystal” as
described above in the foregoing step, respective polymeriz-
able liquid crystal molecules 12 in the layer 8C were able to
be ordered and uniformly aligned in a given direction.

[0123] The reason thereof may be regarded as follows. In
the case where a magnetic field is applied to the layer 8A in
which each alignment direction of the polymerizable liquid
crystal molecules 12 varies according to each small region
described above, each angle made by the alignment direction
of the polymerizable liquid crystal molecules 12 and the
magnetic field direction varies according to each small
region. Therefore, action given from the magnetic field to
each polymerizable liquid crystal molecule 12 is not uniform.
In addition, in the layer 8A not in a state of uniform vertical
alignment, characteristics that each polymerizable liquid
crystal molecule 12 regulates an alignment direction of other
polymerizable liquid crystal molecule 12 by interaction
between the liquid crystal molecules and behaves coopera-
tively are hardly expressed. As a result, in the layer 8A, the
polymerizable liquid crystal molecules 12 hardly respond to
application of the magnetic field, and an alignment structure
of the polymerizable liquid crystal molecules 12 aligned in
the magnetic field application direction is hardly formed. If
formed, a surface structure having large variation of the align-
ment direction of the polymerizable liquid crystal molecules
12 is formed. The vertical alignment film formed from such a
layer has insufficient performance to regulate the alignment
direction of the display-use liquid crystal molecules 11
arranged contacted with the surface thereofin a certain direc-
tion.

[0124] Meanwhile, in the case where a magnetic field is
applied to the layer 8C in which the polymerizable liquid
crystal molecules 12 in the layer are vertically aligned uni-
formly and are “in a state of one united liquid crystal” as
described above, each angle made by the alignment direction
of the polymerizable liquid crystal molecules 12 and the
magnetic field direction is the same as each other. Action
given from the magnetic field to each polymerizable liquid
crystal molecule 12 is uniform. In addition, in the layer 8Cin
astate of uniform vertical alignment, characteristics that each
polymerizable liquid crystal molecule 12 regulates an align-
ment direction of other polymerizable liquid crystal molecule
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12 by interaction between the liquid crystal molecules and
behaves cooperatively are strongly expressed. As a result, the
alignment of the entire polymerizable liquid crystal molecule
12 inthe layer 8C is changed as a so-called elastic continuum.
Therefore, an alignment structure of the polymerizable liquid
crystal molecules 12 aligned in the magnetic field application
direction is easily formed. Further, a surface structure having
an uniaxial anisotropy having small variation of the align-
ment direction of the polymerizable liquid crystal molecules
12 is formed. The vertical alignment film formed from such a
layer has high performance to regulate the alignment direc-
tion of the display-use liquid crystal molecules 11 arranged
contacted with the surface thereof.

[0125] Next, as shown in FIG. 3A, the director of the poly-
merizable liquid crystal molecules 12 is aligned in a direction
slightly tilted from the normal line direction of the transparent
substrate 2a, for example, in the direction tilted by 0.1 to 5
degree, desirably by 1 to 10 degree, and more desirably by 1
to 5 degree by applying a magnetic field of, for example,
about 1T (tesla) to the layer 8C composed of the polymeriz-
able liquid crystal molecules kept in a state of liquid crystal in
a direction tilted from the normal line direction of the trans-
parentsubstrate 2a. In this state, the layer 8C is irradiated with
ultraviolet ray, at least part of the polymerizable liquid crystal
molecules 12 is polymerized, and the layer 8C composed of
the polymerizable liquid crystal molecules is changed into the
layer formed from the complex 14 composed of the unreacted
polymerizable liquid crystal molecules 12 and the polymer-
izable liquid crystal molecule polymer 13, and hardened.
[0126] As described above, the vertical alignment film 4a
composed ofthe complex 14 in which thealignment direction
of the director is fixed in the direction slightly tilted from the
normal line direction of the substrate 2a is able to be formed
on the transparent substrate 2a, and the vertical alignment
substrate 5a including the vertical alignment film 4a is able to
be formed.

[0127] A method to align the crystalline framework of the
polymerizable liquid crystal molecules 12 in a given direction
is not particularly limited. In addition to applying the mag-
netic field, applying an electric field or the like is cited.
However, applying the magnetic field is most preferable,
since it 1s easily controlled. Further, a method of polymeriz-
ing the polymerizable liquid crystal molecules 12 is not par-
ticularly limited. In addition to radiation of ultraviolet ray,
radiation of infrared ray or electron ray, and/or a method such
as heating are cited. However, radiation of ultraviolet ray is
most preferable, since therewith various polymerizable liquid
crystal molecules 12 are able to be applied and it is easy to
implement it.

[0128] Next, as shown in FIG. 3B, the foregoing transpar-
ent substrate 2a and the transparent substrate 25 for which the
vertical alignment film 45 was formed similarly are opposed
with an (not-shown) spacer in between. Ends are sealed with
a sealing member to form a housing (empty cell) of the liquid
crystal cell 9. The display-use liquid crystal molecules 11
forming the liquid crystal layer 1 is injected into the housing
to form the liquid crystal cell 9. Then, as described above,
each alignment direction of the director in the two vertical
alignment films 4a and 4b 1s set to be in parallel with each
other.

[0129] After that, the polarization plates 6a and 65 are
arranged in a state of cross nicol on the outer surface of the
transparent substrates 2a and 256 to form the liquid crystal
display device 10.
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[0130] As described above, according to the method of
manufacturing a vertical alignment film based on this
embodiment, the polymerizable liquid crystal molecules 12
are the molecules having the characteristics to align the direc-
tor vertically to an interface with a dissimilar material. There-
fore, in the layer 8C composed of the polymerizable liquid
crystal molecules 12, the polymerizable liquid crystal mol-
ecules 12 are able to be aligned so that the director is vertical
to the interface with a vapor phase and the interface with the
transparent substrate 2. In addition, it is possible to easily
perform the step in which a magnetic field or the like is
applied to the layer 8C to align the crystalline framework in
the direction slightly tilted from the normal line direction.
Then, in some cases, a structure to support the vertical align-
ment ofthe polymerizable liquid crystal molecules 12 may be
desirable. However, a structure to damage the vertical align-
ment should be avoided. For example, in the case where a
supplementary layer is provided on the surface of the trans-
parent substrate 2 as in Japanese Patent No. 3572787, the
material is limited to a vertical alignment type organic resin
material (polyimide or the like) or a silane coupling agent
vertical alignment material.

[0131] Further, the polymerizable liquid crystal molecules
12 are the polymerizable molecules. Therefore, it is possible
that at least part of the polymerizable liquid crystal molecules
12 is polymerized in the foregoing state that the crystalline
framework is aligned, and thereby the layer composed of the
polymerizable liquid crystal molecules 12 is changed into the
layer formed from the complex 14 composed of the unreacted
polymerizable liquid crystal molecules 12 and the polymer-
izable liquid crystal molecule polymer 13, and the alignment
of the crystalline framework is fixed.

[0132] Accordingly, the vertical alignment film 4 in which
the alignment of the crystalline framework is well ordered is
able to be surely manufactured.

[0133] Meanwhile, the methods of manufacturing an align-
ment film proposed in Japanese Unexamined Patent Applica-
tion Publication No. 2-43517 and Japanese Patent No.
3572787, as clearly described in each document, the methods
are intended to form a horizontal alignment film, and not
intended to form a vertical alignment film. Therefore, the
main chain type liquid crystal polymer used in Japanese
Unexamined Patent Application Publication No.2-43517 and
the polymerizable liquid crystalline monomer used in Japa-
nese Patent No. 3572787 are structured to be lined almost in
parallel with the substrate before performing alignment treat-
ment by a magnetic field or the like. Therefore, the horizontal
alignment film having a pretilt angle of about 10 degreeis able
to be easily formed. Meanwhile, it is not possible that a
vertical alignment film having a pretilt angle close to 90
degree from such a main chain liquid crystal polymer or such
a polymerizable liquid crystalline monomer that are lined
almost in parallel with the substrate only by changing appli-
cation direction of a magnetic field or an electric field.
[0134] For example, to align liquid crystalline polymers
lined almost in parallel with a substrate in a self-organization
fashion almost vertically to the substrate against the charac-
teristics, a strong magnetic field or the strong electric field is
demanded. In the case where the crystalline molecules are a
polymer as in Japanese Unexamined Patent Application Pub-
lication No. 2-43517, such a demand is particularly signifi-
cant. Further, if such a strong magnetic field or the strong
electric field is able to be applied, in the case where alignment
change close to 90 degree is generated, it is not possible to



US 2009/0147200 A1

uniformly and precisely order alignment directions of all the
liquid crystalline molecules (it is evident from existing
examples of driving display-use liquid crystal molecules).
Variation in alignment directions of the liquid crystalline
molecules in the alignment film causes variation in alignment
directions of the display-use liquid crystal molecules
arranged contacted therewith. As a result, in the liquid crystal
display device in VA mode, variation in alignment directions
of the display-use liquid crystal molecules in the time of
blocking when a voltage is not applied is generated, the light
transmission factor ofthe liquid crystal layer is increased, and
the contrast is lowered. Accordingly, characteristics of the
liquid crystal display device in VA mode may be fatally dam-
aged.

[0135] Further, the step of polymerizing the polymerizable
liquid crystalline monomer, and then washing and removing
the unreacted material with the organic solvent to leave only
the polymer layer, and thereby obtaining the alignment film
described in Japanese Patent No. 3572787 may be effective
for manufacturing the horizontal alignment film in which the
polymerizable liquid crystalline monomer and the polymer
thereof are lining in parallel with the substrate. However such
astep is not applicable for manufacturing a vertical alignment
film. If applicable, such a step gives no effect. In the vertical
alignment film, as in the present application, it is enough that
the layer formed from the complex 14 composed of the unre-
acted polymerizable liquid crystal molecules 12 and the poly-
merizable liquid crystal molecule polymer 13 is directly used
as the vertical alignment film 4. That is, if alignment of the
crystalline framework is fixed, the both polymerizable liquid
crystal molecules 12 and the polymerizable liquid crystal
polymer 13 may be used to align the display-use liquid crystal
molecules 11.

[0136] 4-acryloyloxy-4'-butyl-bicyclohexyl and the like
that is exemplified as a suitable polymerizable liquid crystal-
line monomer in Japanese Patent No. 3572787 are liquid
crystal molecules having characteristics to be aligned verti-
cally to an interface with other material that is suitable as the
polymerizable liquid crystal molecules. In the case where the
polymerizable liquid crystalline monomer having such verti-
cal alignment characteristics is used, though not clearly
described in Japanese Patent No. 3572787, it is conceivable
that an additional structure to align the polymerizable liquid
crystalline monomer almost in parallel with the substrate, for
example, coating the substrate surface with a horizontal
alignment film or a silane coupling horizontal alignment
material is always performed.

[0137] FIG. 4 is a partial cross sectional view showing a
structure of a liquid crystal display device based on a modi-
fied example of the first embodiment. FIG. 4 shows an align-
ment state of the display-use liquid crystal molecules 11
when an electric field is not applied. The liquid crystal display
device corresponds to the liquid crystal display device
described in claim 34. In the liquid crystal display device, an
optical compensated layer 7 to eliminate optical anisotropy
generated by the vertical alignment film 4 and the display-use
liquid crystal molecules 11 when an electric field is not
applied is provided between the transparent substrate 2 and
the polarization plate 6. The other structures are the same as
those of the liquid crystal display device 10 shown in FIGS.
1A and 1B.

[0138] As described before, in the liquid crystal display
device 10, in the time of light blocking when an electric field
is not applied, the display-use liquid crystal molecules 11 are
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not totally aligned vertically to the face of the transparent
substrate 2. Further, in the vertical alignment film 4, the liquid
crystalline framework aligned slightly tilted to the normal
line direction of the transparent substrate 2 exists. Therefore,
the light transmission factor in the time of light blocking is
slightly larger than the minimum value determined by
orthogonal nature of the polarization plates 6a and 65 due to
the optical anisotropy of the display-use liquid crystal mol-
ecules 11 and the optical anisotropy of the liquid crystalline
framework in the vertical alignment film 4.

[0139] The optical compensated layer 7 is intended to
eliminate the optical anisotropy belonging to the liquid crys-
tal cell 9 described above so that the light transmission factor
in the time of light blocking is close to the minimum value
determined by orthogonal nature of the polarization plates 6a
and 65 as much as possible. By adding the optical compen-
sated layer 7, contrast lowering due to the optical anisotropy
belonging to the liquid crystal cell 9 is able to be kept to a
minimum. The optical compensated layer 7 is able to be
formed from a negative C plate having the same alignment
direction as that of the vertical alignment film 4 or the like.
[0140] FIG. 4 shows an example in which the optical com-
pensated layers 7a and 75 are respectively provided for the
both transparent substrates 2a and 2b. However, the optical
compensated layer may be provided only for one of the trans-
parent substrates 2a and 2.

Second Embodiment

[0141] In the second embodiment, descriptions will be
mainly given of a vertical alignment film according to claim
9, a method of manufacturing it according to claim 25, and a
liquid crystal display device provided with the vertical align-
ment film. A liquid crystal display device composing a liquid
crystal television or the like is expected to have wide view
angle characteristics. In the past, as a technology to address
such a task, multidomain by MVA mode or PVA mode has
been known. In the second embodiment, a vertical alignment
film in each pixel is formed as a pattern composed of a
plurality of domains in which the liquid crystalline frame-
work is aligned in different directions, and a liquid crystal
display device having wide view angle characteristics is real-
ized.

[0142] FIGS. 5A and 5B are partial cross sectional views
showing structures of the vertical alignment film, a vertical
alignment substrate, and the liquid crystal display device
according to the second embodiment. A liquid crystal display
device 20 is structured as a liquid crystal display device that
works in VA mode. FIG. 5A shows an alignment state of the
display-use liquid crystal molecules 11 when an electric field
is not applied.

[0143] In the liquid crystal display device 20, in the same
manner as that of the liquid crystal display device 10, a liquid
crystal cell 29 is formed from the liquid crystal cell 1 and the
pair of transparent substrates 2a and 25 oppositely arranged
with the liquid crystal layer 1 in between. On the outer face
sides of the transparent substrates 2a and 2b, the pair of
polarization plates 6a and 6b are respectively arranged. The
transparent substrates 2a and 2b are made of a glass substrate
or the like. On the inner face side of the transparent substrate
2a, the transparent electrode 3a and a vertical alignment film
24a are formed. On the inner face side of the transparent
substrate 25, an (not-shown) color filter composed of three
primary colors R (red), G (green), and B (blue), the transpar-
ent electrode 3b, a vertical alignment film 245 are formed.
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The transparent electrodes 3a and 3b are composed of, for
example, ITO or the like. The transparent substrate 2a and the
transparent substrate 25 respectively provided with the verti-
cal alignment film 24 and the vertical alignment film 245 are
a vertical alignment substrate 25q and a vertical alignment
substrate 255.

[0144] In the liquid crystal device 20, in correspondence
with claim 9, in each pixel, a complex layer composing the
vertical alignment film 24 is formed as a pattern composed of
aplurality of regions (domains) in which each tilt direction of
the crystalline framework is different from each other. The
other structures are the same as those of the liquid crystal
display device 10 shown in FIGS. 1A and 1B. Therefore,
descriptions will be hereinafter given with an emphasis on the
differences avoiding overlap.

[0145]  As the vertical alignment film 4 of the liquid crystal
display device 10, the vertical alignment film 24 is formed
from, as a starting point, a layer composed of the polymeriz-
able liquid crystal molecules 12, and is formed from a layer
composed of a complex of the polymerizable liquid crystal
molecules 12 and the polymerizable liquid crystal molecule
polymer 13. However, as shown in FIG. 5A; the vertical
alignment film 24 is formed as a pattern composed of a region
(domain) formed from a complex 21 in which the director
alignment direction in the complex is fixed in a direction
slightly tilted to the right side from the normal line direction
ofthe transparent substrate 2, for example, in a direction tilted
by 0.1 to 5 degree to the right side; and a region (domain) as
bilaterally symmetric region to the former region, which is
formed from a complex 22 in which the director alignment
direction in the complex is fixed in a direction slightly tilted to
the left side from the normal line direction of the transparent
substrate 2 in each pixel.

[0146] When an electric field is not applied, each crystal-
line framework of each region (domain) aligns the long axis
of the display-use liquid crystal molecules 11 in a direction
corresponding to a director tilt by interaction between the
liquid crystal molecules. As a result, in each pixel, the dis-
play-use liquid crystal molecules 11 on each region (domain)
are aligned in a direction slightly tilted from the normal line
direction of the transparent substrate 2, for example, in a
direction tilted by 0.1 to 5 degree in a bilaterally-symmetric
fashion. FIG. 5A shows an example in which the crystalline
framework in the vertical alignment film 4 aligns the display-
use liquid crystal molecules 11 tilted in the direction opposite
to the tilt direction of the liquid crystalline framework in
relation to the normal line direction of the transparent sub-
strate 2.

[0147] Therefore, when a voltage is applied between the
transparent electrode 3a and the transparent electrode 35 and
an electric field is applied to the display-use liquid crystal
molecules 11, as shown in FIG. 5B, the display-use liquid
crystal molecules 11 change the alignment direction close to
a state that the long axis thereof is aligned approximately
vertically to the electric field direction (state that the long axis
is aligned in parallel with the substrate face). Then, the dis-
play-use liquid crystal molecules 11 on each region (domain)
respectively change the alignment direction in a bilaterally-
symmetric fashion. As in MVA mode shown in FIG. 19B, in
the state of FIG. 5B, even if a liquid crystal screen is viewed
from an oblique direction, light passing the liquid crystal
molecules 11 in which each tilt direction is opposite to each
other reaches the screen from the plurality of domains in one
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pixel. Therefore, angle dependence is averaged, and view
angle dependence is kept small.

[0148] FIGS. 5A and 5B show an example that two
domains are formed in a bilaterally-symmetric fashion. How-
ever, it is possible that an pixel is formed into multi-domains
more intricately, for example, domains may be also formed
right and left in a bilaterally-symmetric fashion, and thereby
view angle dependence of the liquid crystal display device
may be further kept small.

[0149] FIGS. 5A and 5B show an example in which the
vertical alignment films 24a and 244 are respectively pro-
vided for the both transparent substrates 2a and 25, and each
alignment direction of the liquid crystalline framework in
each film located oppositely is in parallel with each other in
the two vertical alignment films 24a and 245. In this case, the
alignment direction of the long axis of the display-use liquid
crystal molecules 11 controlled by the two vertical alignment
films 24a and 24b becomes in parallel therewith, and the
display-use liquid crystal molecules 11 are aligned uniformly
tilted from the normal line direction of the main face of the
transparent substrate 2. Though. FIGS. 5A and 5B show an
example that the vertical alignment film is provided for the
both transparent substrates 2a and 24, the vertical alignment
film may be provided for only one of the transparent sub-
strates 2a and 2b.

[0150] FIGS. 6Ato 6B and FIGS. 7A to 7B are partial cross
sectional views showing a flow of steps of forming the verti-
cal alignment film 24, the vertical alignment substrate 25, and
the liquid crystal display device 20 based on the second
embodiment. Descriptions will be hereinafter given with an
emphasis on the differences from steps of forming the liquid
crystal display device 10 avoiding overlap with the first
embodiment.

[0151] First, in the same manner as that of the first embodi-
ment, a solution in which the polymerizable liquid crystal
molecules 12 are dissolved in an appropriate solvent is
formed. The transparent substrate 2a provided with the trans-
parent electrode 3a composed of ITTO or the like is coated with
the solution. After that, the solvent is evaporated, and as
shown in FIG. 6A, the layer 8¢ composed of the polymeriz-
able liquid crystal molecules 12 is formed. In the layer 84, the
polymerizable liquid crystal molecules 12 are in a state of
liquid crystal. However, the layer 8a is divided into many
small regions. In each small region, though the alignment
direction of the polymerizable liquid crystal molecules 12 is
ordered, each alignment direction of the polymerizable liquid
crystal molecules 12 varies according to each small region,
and a defect such as disclination also exists.

[0152] Next, temperature of the layer 8A composed of the
polymerizable liquid crystal molecules 12 is increased. Once
the polymerizable liquid crystal molecules 12 are changed
into a state of isotropic phase, and then temperature is gradu-
ally lowered. Thereby, as shown in FIG. 6B, the layer 8A is
changed into the layer 8C in which the polymerizable liquid
crystal molecules 12 are in a state of liquid crystal. In the layer
8C, almost all the polymerizable liquid crystal molecules 12
are aligned vertically to the interface and in a state of one
ordered liquid crystal, in a manner, “in a state of one united
liquid crystal” in a wide range.

[0153] Next, as shown in FIG. 6C, the crystalline frame-
work of the polymerizable liquid crystal molecules 12 is
aligned in a direction slightly tilted from the normal line
direction of the transparent substrate 2a, for example, in the
direction tilted by 0.1 to 20 degree, desirably by 1 to 10
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degree, and more desirably by 1 to 5 degree by applying a
magnetic field of, for example, about 1T (tesla) to the layer 8C
composed of the polymerizable liquid crystal molecules kept
in a state of liquid crystal in a direction tilted from the normal
line direction of the transparent substrate 2a. In this state, the
region in a right halfin each pixel is selectively irradiated with
ultraviolet ray by using a photo mask 31, and at least part of
the polymerizable liquid crystal molecules 12 in this region is
polymerized, and the layer 8C composed of the polymeriz-
able liquid crystal molecules in this region is changed into a
layer formed from the complex 21 composed of the unreacted
polymerizable liquid crystal molecules 12 and the polymer-
izable liquid crystal molecule polymer 13, and hardened.
Thereby, the alignment direction of the liquid crystalline
framework in the complex 21 is fixed.

[0154] Next, as shown in FIG. 7A, a magnetic field is
applied symmetrically to the former direction, and thereby
the crystalline framework of the unhardened polymerizable
liquid crystal molecules 12 occupying the region of a left half
in each pixel is aligned symmetrically to the former direction.
In this state, the region in the left half in each pixel is selec-
tively irradiated with ultraviolet ray by using a photo mask 32,
and at least part of the polymerizable liquid crystal molecules
12 in this region is polymerized, and the layer 8C composed
of the polymerizable liquid crystal molecules in this region is
changed into a layer formed from a complex 22 composed of
the unreacted polymerizable liquid crystal molecules 12 and
the polymerizable liquid crystal molecule polymer 13, and
hardened. Thereby, the alignment direction of the liquid crys-
talline framework in the complex 22 is fixed.

[0155] Accordingly, as a vertical alignment film, the verti-
cal alignment film 24q in which the complexes 21 and 22 in
which the alignment direction of the crystalline framework is
fixed in the direction slightly tilted from the normal line
direction of the transparent substrate 2a and the tilt direction
is symmetrical to each other are formed as a pattern in each
pixel is able to be formed. In addition, the transparent sub-
strate 2a in which the vertical alignment film 24a is formed is
able to be formed as a vertical alignment substrate.

[0156] Next, as shown in FIG. 7B, the foregoing transpar-
ent substrate 2a and the transparent substrate 25 for which the
vertical alignment film 245 is formed similarly are opposed
with an (not-shown) spacer in between. Ends are sealed with
a sealing member to form a housing (empty cell) of the liquid
crystal cell 25. The display-use liquid crystal molecules 11
forming the liquid crystal layer 1 are injected into the housing
to form the liquid crystal cell 25. Then, as described above,
each alignment direction of the liquid crystalline framework
in the two vertical alignment films 24a and 245 is set to be in
parallel with each other.

[0157] After that, the polarization plates 6a and 65 are
arranged in a state of cross nicol on the outer surface of the
transparent substrates 2a and 2b to form the liquid crystal
display device 20.

[0158] A method to align the crystalline framework of the
polymerizable liquid crystal molecules 12 in a given direction
is not particularly limited, In addition to applying the mag-
netic field, applying an electric field or the like is cited.
However, applying the magnetic field is most preferable,
since it is easily controlled. Further, a method of polymeriz-
ing the polymerizable liquid crystal molecules 12 is not par-
ticularly limited. In addition to radiation of ultraviolet ray,
radiation of infrared ray or electron ray, and/or a method such
as heating are cited. However, radiation of ultraviolet ray is
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most preferable, since therewith various polymerizable liquid
crystal molecules are able to be applied and it is easy to
implement it.

[0159] As described above, according to the second
embodiment, each pixel is easily and surely changed into a
state of multidomain, and thereby the liquid crystal display
device 20 having wide view angle characteristics is able to be
realized. In the other points such as slow response speed, the
liquid crystal display device 20 has characteristics similar to
those of the liquid crystal display device 10.

EXAMPLES

[0160] Examples will be hereinafter described. The follow-
ing examples are illustrative only, and the present application
is not limited to the examples.

[0161] In Examples 1 and 2, first, the vertical alignment
film 4 and the vertical alignment substrate 5 described in the
first embodiment with the use of FIGS. 1A and 1B were
formed. Retardation of the vertical alignment substrate was
measured by changing the tilt angle (angle made by the nor-
mal line direction of the transparent substrate 2 and the mea-
surement direction) variously. Thereby, the alignment direc-
tion of the crystalline framework was determined.
Subsequently, the liquid crystal cell 9 was formed. Retarda-
tion of the liquid crystal cell 9 was measured by changing the
tilt angle variously, and the difference with the retardation of
the vertical alignment substrate was obtained, and thereby the
arrangement direction of the display-use liquid crystal mol-
ecules 11 was determined.

Forming the Vertical Alignment Film and the Vertical Align-
ment Substrate

Example 1

[0162] First, as the polymerizable liquid crystal molecules
12 containing a polymerization initiator, UCL-011-K1, Dain-
ippon Ink And Chemicals, Incorporated make was dissolved
at a concentration of 30 wt % in 1-methoxy-2-acetoxypro-
pane (PGMEA) as a solvent to form a solution. A glass
substrate (thickness: 1.1 mm) as the transparent substrate 2
provided with the transparent electrode 3 composed of ITO
was coated with the solution by spin coat method (number of
revolutions: 5000 rpm) to form the layer 8A composed of the
polymerizable liquid crystal molecules 12.

[0163] Next, temperature of the layer 8A was increased up
to 70 degree C., at which the layer 8A was retained for 10
minutes to once change the polymerizable liquid crystal mol-
ecules 12 to the layer 8B in a state of isotropic phase. After
that, temperature was gradually lowered at a rate of about 10
degree C./minute down to 55 degree C. Further, temperature
was gradually lowered at a rate of about 10 degree C./minute
down to 40 degree C. Finally, temperature was returned to
room temperature to form the liquid crystal layer 8C in which
the polymerizable liquid crystal molecules 12 were uniformly
aligned vertically to the interface. A cross section of the
vertical alignment film substrate similarly formed was
observed by using a scanning electron microscope. As a
result, the thickness of the liquid crystal layer 8C was 300 nm.
[0164] Next, the crystalline framework of the polymeriz-
able liquid crystal molecules 12 was aligned in a direction
slightly tilted from the normal line direction of the substrate
by applying a magnetic field of 1.4 T (tesla) in a direction
tilted by 28 degree from the normal line direction of the
transparent substrate 2 to the liquid crystal layer 8C for 7
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minutes. In this state, the liquid crystal layer 8C was irradi-
ated with ultraviolet ray from an orthogonal direction of the
rear face of the substrate 2, part of the polymerizable liquid
crystal molecules 12 is polymerized under nitrogen atmo-
sphere, and a hardened layer formed from the complex 14
composed of the unreacted polymerizable liquid crystal mol-
ecules 12 and the polymerizable liquid crystal molecule poly-
mer 13 was formed as the vertical alignment film 4. The
vertical alignment film 4 of the vertical alignment substrate 5
of Example 1 formed as above was observed by a polarization
microscope. As a result, it was black under cross nicol, and
even when the vertical alignment film substrate was rotated,
tone was not changed and it was in a state of mono domain.

Example 2

[0165] A vertical alignment film was formed and observed
in the same manner as that of Example 1, except that the
concentration of the solution in which the polymerizable
liquid crystal molecules 12 were dissolved was 20 wt %. The
film thickness of the vertical alignment film was 230 nm. The
observation result by a polarization microscope was similar to
that of Example 1.

Comparative Example 1

[0166] A vertical alignment film and a vertical alignment
substrate of Comparative example 1 were formed in the same
manner as that of Example 1, except that the liquid crystal
layer 8C was hardened by irradiation of ultraviolet ray with-
out applying a magnetic field. The formed vertical alignment
film was observed by a polarization microscope in the same
manner as that of Example 1. As a result, it was black under
cross nicol, and even when the vertical alignment film sub-
strate was rotated, tone was not changed and it was in a state
of mono domain.

Comparative Example 2

[0167] A vertical alignment film was formed in the same
manner as that of Example 1, except that temperature of the
layer 8A ofthe polymerizable liquid crystal molecules 12 was
increased up to 70 degree C., at which the layer 8A was
retained for 5 minutes, and then temperature was lowered at a
rate of about 30 degree C./minute down to room temperature.
The formed vertical alignment film was observed by using a
polarization microscope in the same manner as that of
Example 1. As a result, the following was found. A bright
region existed partially, and when the vertical alignment sub-
strate was rotated, the tone was changed. That is, the align-
ment direction of the polymerizable liquid crystal molecules
12 was not vertical, and an in-plane tilted component existed.
Further, the direction thereof was partially different and it was
not in a state of mono domain.

Comparative Example 3

[0168] A vertical alignment film was formed in the same
manner as that of Example 1, except that a solution of the
polymerizable liquid crystal molecules 12 was prepared by
using acetone as a solvent. In this case, after the substrate was
coated with the solution by spin coat method, alignment
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unevenness of the polymerizable liquid crystal molecules 12
was generated. The alignment unevenness was not resolved
by subsequent heat treatment.

Measurement of Retardation of the Vertical Alignment Sub-
strate

[0169] For the vertical alignment substrate 5 of Example 1
and the vertical alignment substrate of Comparative example
1, the retardation characteristics were measured by variously
changing a tilt angle, that is, an incidence angle. The mea-
surement was performed by using a fast spectroscopic ellip-
someter M-2000, Woollam Co. (United States) make and
incident light with a wavelength of 589 nm. Then, the mea-
surement was performed for a case that the tilt angle was
changed in the plane (yz plane) including the substrate nor-
mal line direction and a magnetic field application direction
in forming the vertical alignment substrate 5, and a case that
the tilt angle was changed in the plane (xz plane) vertical to
the yz plane. FIG. 8A is a graph showing a measurement
result of the vertical alignment substrate of Example 1, FIG.
8B is an, explanation diagram showing the measurement
direction, and FIG. 8C is a cross sectional view of the vertical
alignment substrate 5. FIG. 8 A shows the result in the case of
two pieces of vertical alignment substrates S5a and 55 used for
one cell. FIG. 9A is a graph showing a measurement result of
the vertical alignment substrate of Comparative example 1,
FIG. 9B is an explanation diagram showing the measurement
direction, and FIG. 8C is a cross sectional view of the vertical
alignment substrate.

[0170] As shown in FIG. 9A, in the vertical alignment
substrate of Comparative example 1, even when the tilt angle
was changed in the plane including the substrate normal line
direction and the like (refer to FIG. 9B), the substantially
same results were obtained. That is, retardation of the vertical
alignment substrate was the minimum value 0 in the case
where the tilt angle was 0 degree, and retardation was
increased symmetrically in the case where the tilt angle was
changed in either positive direction or the negative direction
from such a direction. The reason thereof was that, as shown
in FI1G. 9B, the crystalline framework of the polymerizable
liquid crystal molecules 12 and the polymer 13 thereof were
aligned vertically to the transparent substrate 2. For retarda-
tion of the vertical alignment substrate of Comparative
example 2 and Comparative example 3, variation was
extremely high according to the tilt angle, the tilt orientation,
and the measurement position, and the retardation was not
uniform but variation existed in a circular retardation mea-
surement area being 4 mm in diameter.

[0171] Meanwhile, as shown in FIG. 8A, in the vertical
alignment substrate of Example 1, the result in the case that
thetiltangle was changed in the plane (yz plane) including the
substrate normal line direction and the magnetic field appli-
cation direction was different from the result of the case that
the tilt angle was changed in the xz plane perpendicular to the
vz plane (refer to FIG. 8B). That is, in the yz plane including
the magnetic application direction, retardation of the vertical
alignment substrate was the minimum value 0 in the case
where the tilt angle was 4.0 degree, and retardation was
increased symmetrically in the case where the tilt angle was
changed in either positive direction or the negative direction
from such adirection. Meanwhile, in the xz plane, retardation
of the vertical alignment substrate was the minimum value 0
in the case where the tilt angle was 0 degree, and retardation
was increased symmetrically in the case where the tilt angle
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was changed in either positive direction or the negative direc-
tion from such a direction. However, in this case, the mini-
mum value was extremely close to 0, but did not become
strictly 0. The result shows that, as shown in FIG. §B, the
crystalline framework of the polymerizable liquid crystal
molecules 12 and the polymer 13 thereof was aligned tilted to
the magnetic field application direction from the normal line
direction of the transparent substrate 2, and that the crystal-
line framework was not tilted to the x-axis direction. For the
vertical alignment substrate 5 of Example 2, similar measure-
ment was performed, and a result corresponding to the mea-
surement result of the vertical alignment substrate 5 of
Example 1 within the error tolerance range was obtained.
Therefore, for the vertical alignment substrate 5 of Example
2, it became evident that the crystalline framework of the
polymerizable liquid crystal molecules 12 and the polymer 13
thereof was aligned to the magnetic field application direction
from the normal line direction of the transparent substrate 2,
and that the crystalline framework was not tilted to the x-axis
direction. In the case where light enters a medium having high
refractive index from the air, the light passes through the
medium having high refractive index at an angle smaller than
the incidence angle. Strictly speaking, it is necessary to per-
form calculation considering refractive index anisotropy.
However, the approximate value thereof is able to be obtained
by Snell’s law. Since the tilt angle was 4.0 degree in Example
1, itwas obtained that the average director direction was tilted
by about 2.6 degree to the magnetic field application direction
from the normal line direction of the transparent substrate 2.

Forming the Liquid Crystal Cell.
Examples 1 and 2

[0172] Thetwo vertical alignment films 5a and 54 in which
the vertical alignment film 4 was formed were oppositely
arranged with a spacer in between. Ends are sealed with a
sealing member to form a housing (empty cell) of the liquid
crystal cell 9. As the display-use liquid crystal molecules 11,
negative liquid crystal ML.C-2037 (Merck Ltd. make) in a
state of isotropic phase at 80 degree C. was injected into the
housing to form the liquid crystal cell 9. The cell gap of the
liquid crystal layer 1 was 12.0 pm.

Comparative Examples 1 to 3

[0173] A liquid crystal cell of Comparative example 1 was
formed in the same manner as that of Examples 1 and 2,
except that the vertical alignment substrate for which the
vertical alignment film of the comparative example was used
instead of the vertical alignment substrate 5. In Comparative
examples 2 and 3, a liquid crystal cell was formed in the same
manner as that of Comparative example 1.

Observation of the Liquid Crystal Cell

[0174] Observation of the external appearance of the liquid
crystal cell in a state of cross nicol and observation thereof by
a polarization microscope were performed. The liquid crystal
cells formed in Examples 1 and 2 and Comparative example
1 were observed by the polarization microscope. As a result,
even when the sample was rotated under cross nicol, tone was
not generated, and light was extinct. In the case where the
observation position was changed, a similar result was
obtained.
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[0175] FIG. 10A shows change of an external appearance
of the liquid crystal cell 9 in the case where a voltage applied
to the liquid crystal cell 9 of

[0176] Example 1 was turned on and off. FIG. 11A shows
observation images of the liquid crystal cell 9 by a polariza-
tion microscope in the case where 3V voltage was applied to
the liquid crystal cell 9 of Example 1. FIG. 10B shows change
of an external appearance of the liquid crystal cell in the case
where a voltage applied to the liquid crystal cell of Compara-
tive example 1 was turned on and off. FIG. 11B shows obser-
vation images of the liquid crystal cell by a polarization
microscope in the case where 3V voltage was applied to the
liquid crystal cell of Comparative example 1.

[0177] Inthe liquid crystal cell 9 of Example 1, in the case
where the magnetic field application direction corresponded
with the direction of an absorption axis of the polarization
plate, light was extinguished, and in the case where the cell
was rotated by 45 degree, it became bright. Therefore, it is
conceivable that the display-use liquid crystal molecules 11
were tilted 1o the in-plane orientation including the substrate
normal line direction and the magnetic field application direc-
tion by applying the voltage. Meanwhile, in the liquid crystal
cell of Comparative example 1, even when the liquid crystal
cell was rotated, the light transmission factor of the liquid
crystal cell was not changed, and there was no measurement
position where light was extinguished. Therefore, it is con-
ceivable that the display-use liquid crystal molecules 11 were
tilted in various orientations by applying the voltage.

[0178] Meanwhile, in the case where the liquid crystal cell
formed in Comparative examples 2 and 3 was observed by a
polarization microscope, there was tone partially, and in the
case where the sample was rotated, the tone was changed as
well. Therefore, it is conceivable that the display-use liquid
crystal molecules 11 were not aligned vertically, but were
tilted horizontally in various directions.

Measurement of Retardation of Liquid Crystal Cell

[0179] For the liquid crystal cell 9 of Example 1 and the
liquid crystal cell of Comparative example 1, the retardation
characteristics were measured by variously changing a tilt
angle in the same manner as that of the vertical alignment
substrate. FIGS. 12A and 13A are a graph showing measure-
ment results of the liquid crystal cell 9 of Example 1, FIGS.
12B and 13B are an explanation diagram showing the mea-
surement direction, and FIGS. 12C and 13C are a cross sec-
tional view of the liquid crystal cell. FIG. 14A is a graph
showing measurement results of the liquid crystal cell of
Comparative example 1, FIG. 14B is an explanation diagram
showing the measurement direction, and FIG. 14C is a cross
sectional view of the liquid crystal cell.

[0180] As shown in FIG. 14A, in the liquid crystal cell of
Comparative example 1, even when the tilt angle was changed
in any plane including the substrate normal line direction
(refer to FIG. 14B). the substantially same result was
obtained. That is, retardation of the liquid crystal cell was the
minimum value 0 in the case where the tilt angle was 0 degree,
and retardation was increased symmetrically in the case
where thetilt angle was changed in either positive direction or
the negative direction from such a direction. For retardation
of the liquid crystal layer composed of the display-use liquid
crystal molecules 11 obtained by subtracting the retardation
of the vertical alignment substrate previously measured from
the retardation of the liquid crystal cell, similar tendency was
shown. It shows that, as shown in FIG. 14B, the crystalline
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framework of the polymerizable liquid crystal molecules 12
and the polymer 13 thereof that was aligned vertically to the
transparent substrate 2 controlled the display-use liquid crys-
tal molecules 11 to be aligned vertically to the transparent
substrate 2. When the pretilt angle was evaluated by crystal
rotation method, it was found that the tilt angle was 90 degree
and the display-use liquid crystal molecules 11 were not tilted
from the substrate normal line direction.

[0181] Meanwhile, as shown in FIG. 12A and FIG. 13A, in
the liquid crystal cell of Example 1, the result in the case
where the tilt angle was changed in the plane (yz plane)
including the substrate normal line direction and the magnetic
field application direction was different from the result in the
case where the tilt angle was changed in the xz plane perpen-
dicular to the yz plane (refer to FIG. 12B and FIG. 13B).
[0182] That is, in the yz plane including the magnetic field
application direction, as shown in FIG. 12A, retardation of
the liquid crystal cell was the minimum value in the case
where the tilt angle was negative, and retardation was
increased in the case where the tilt angle was changed in
either positive direction or the negative direction from such a
direction. For retardation of the liquid crystal layer composed
of the display-use liquid crystal molecules 11 obtained by
subtracting the retardation of the vertical alignment substrate
previously measured from the retardation of the liquid crystal
cell, the angle at which the retardation was the minimum
value was shifted to the negative direction, not symmetrical to
the tilt angle. The result shows that, as shown in FIG. 12B, the
display-use liquid crystal molecules 11 were aligned tilted to
the opposite side of the direction to which the crystalline
framework of the polymerizable liquid crystal molecules 12
and the polymer 13 thereof was tilted to the normal line
direction of the transparent substrate 2. The pretilt angle of the
display-use liquid crystal molecules 11 was evaluated by
crystal rotation method. As a result, the pretilt angle was 88.8
degree. Therefore, it was found that the display-use liquid
crystal molecules 11 were tilted by 1.2 degree from the sub-
strate normal line direction. For Example 2, similar evalua-
tion was performed. As a result, it was found that the pretilt
angle was 88.9 degree, and the display-use liquid crystal
molecules 11 were tilted by 1.1 degree from the substrate
normal line direction.

[0183] Meanwhile, in the xz plane, as shown in FIG. 13A,
retardation of the liquid crystal cell was the minimum value in
the case where the tilt angle was 0 degree, and retardation was
increased symmetrically in the case where the tilt angle was
changed in either positive direction or the negative direction
from such a direction. The result showed that, as shown in
FIG. 13B, the display-use liquid crystal molecules 11 were
not tilted to the x-axis direction.

[0184] FIGS. 15A and 15B are graphs showing results of
measuring retardation while voltage was applied for the lig-
uid crystal cell of Example 1. It is found from FI1G. 15A that
the larger the applied voltage was, the larger the tilt from the
normal line direction of the display-use liquid crystal mol-
ecules 11 was, and that the tilt direction was the direction in
which the display-use liquid crystal molecules 11 was tilted
by action of the vertical alignment film 4 when a voltage was
not applied. FIG. 15B shows characteristics that even when
the applied voltage was larger, retardation was symmetrical to
the tilt angle.

[0185] Accordingly, it was shown that by using the vertical
alignment film 4 formed by applying a magnetic field, the
display-use liquid crystal molecules 11 was able to be tilted in
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the plane including the substrate normal line direction and the
magnetic field application direction when a voltage was not
applied to the liquid crystal cell 9. It was also shown thatas a
result thereof, when a voltage was applied to the liquid crystal
cell 9, the tilt orientation of the display-use liquid crystal
molecules 11 was able to be controlled.

Example 3

[0186] In Example 3, the vertical alignment substrate 25
including the vertical alignment film 24 and the liquid crystal
cell 29 that have been described by using FIGS. 5A and 5B in
the second embodiment were formed.

[0187] In Example 3, in forming the vertical alignment
substrate 25, the vertical alignment film 24 having a repeating
pattern including four areas with a different tilt orientation of
the polymerizableliquid crystal molecules 12 in an area being
560 pum long and 200 um wide was formed by using a photo
mask having a repeating pattern provided with four translu-
cent sections being 270 pm long and 90 um wide correspond-
ing to one domain in an area being 560 pm long and 200 pm
wide corresponding to one pixel and by irradiating with par-
allel ultraviolet ray while changing the position of the photo
mask and the magnetic field application orientation (45, 135,
225, and 315 degree). Except for it, the vertical alignment
substrate 25 was formed in the same manner as that of
Example 1. Two pieces of the vertical alignment substrates 25
were used to form the liquid crystal cell 29 in the same
manner as that of Example 1.

[0188] In the liquid crystal cell 29, the display-use liquid
crystal molecules 11 in each area were tilted to four orienta-
tions different from each other by applying a voltage. The
orientations were opposite direction of the magnetic field
application direction in forming the vertical alignment film
24 inrelation to the normal line direction of the substrate face.
That is, a multidomain structure was able to be formed by
using the magnetic field orientation and the photo mask.
[0189] While the present application has been described
with reference to the embodiments and the examples, the
present application is not limited to the foregoing examples,
and various modifications may be made as appropriate within
the scope of the present application. For example, the vertical
alignment film of the present application is able to be applied
to aliquid crystal device including existing various structures.
[0190] The vertical alignment film, the vertical alignment
substrate, and the liquid crystal display device according to
the present application are able to contribute to improving the
performance of many liquid crystal display units using a
liquid crystal display device such as a liquid crystal televi-
sion.

[0191] Tt should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without depart-
ing from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by
the appended claims.

The invention is claimed as follows:

1. A vertical alignment film that is provided to be contacted
with a display-use liquid crystal molecule layer for at least
one of substrates in a liquid crystal display device having the
display-use liquid crystal molecule layer and the substrates
arranged with the display-use liquid crystal molecule layerin
between, and that controls an alignment direction of display-
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use liquid crystal molecules in the display-use liquid crystal
molecule layer approximately vertically to a substrate face of
the substrate, wherein
the vertical alignment film is formed from a layer com-
posed of polymerizable liquid crystal molecules that
have a crystalline framework, and have characteristics to
align a director (alignment vector) vertically to an inter-
face with a dissimilar material and polymerizable char-
acteristics,
atleast part of the polymerizable liquid crystal molecules is
polymerized in the case where the layer composed of the
polymerizable liquid crystal molecules is in a state of
liquid crystal and in a state that the director is aligned in
a direction slightly tilted from a normal line direction of
the substrate face, the layer composed of the polymer-
izable liquid crystal molecules is changed into a layer
formed from a complex composed of the unreacted
polymerizable liquid crystal molecules and a polymer-
izable liquid crystal molecule polymer and hardened,
and thereby the vertical alignment film is formed, and

the alignment direction of the director in the complex is
fixed in the direction slightly tilted from the normal line
direction of the substrate face.

2. The vertical alignment film according to claim 1,
wherein the layer composed of the polymerizable liquid crys-
tal molecules is a layer that has been once in a state of liquid
crystal in which the director is aligned vertically to the sub-
strate face and then has changed to the state in which the
director is aligned in the direction slightly tilted from the
normal line direction of the substrate face.

3. The vertical alignment film according to claim 1,
wherein the alignment direction of the director in the complex
1s a direction tilted by 0.1 to 20 degrees from the normal line
direction of the substrate face.

4. The vertical alignment film according to claim 3,
wherein the alignment direction of the director in the complex
is a direction tilted by 1 to 10 degrees from the normal line
direction of the substrate face.

5. The vertical alignment film according to claim 4,
wherein the alignment direction of the director in the complex
is a direction tilted by 1 to 5 degrees from the normal line
direction of the substrate face.

6. The vertical alignment film according to claim 1,
wherein the polymerizable liquid crystal molecules have at
least one functional group selected from the group consisting
of an acryloyloxy group, a methacryloyloxy group, a vinyl
ether group, and an epoxy group as a polymerizable func-
tional group.

7. The vertical alignment film according to claim 1,
wherein the polymerizable liquid crystal molecules are mol-
ecules having large magnetic susceptibility anisotropy.

8. The vertical alignment film according to claim 7,
wherein the polymerizable liquid crystal molecules are mol-
ecules having an aromatic ring.

9. The vertical alignment film according to claim 1,
wherein in each pixel, the layer composed of the complex is
formed as a pattern composed of a plurality of regions in
which a tilt direction of the director is different from each
other.

10. The vertical alignment film according to claim 1 that
aligns the display-use liquid crystal molecules in a direction
tilted by 0.1 to 5 degrees from the normal line direction of the
substrate.
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11. The vertical alignment film according to claim 10 that
aligns the display-use liquid crystal molecules in a direction
tilted by 0.5 to 2.5 degrees from the normal line direction of
the substrate.

12. The vertical alignment film according to claim 11 that
aligns the display-use liquid crystal molecules in a direction
tilted by 0.8 to 1.5 degrees from the normal line direction of
the substrate.

13. The vertical alignment film according to claim 1 that
aligns the display-use liquid crystal molecules tilted in the
opposite direction of the alignment direction of the director in
relation to the normal line direction of the substrate face.

14. A method of forming a vertical alignment film that is
provided to be contacted with a display-use liquid crystal
molecule layer for at least one of substrates in a liquid crystal
display device having the display-use liquid crystal molecule
layer and the substrates arranged with the display-use liquid
crystal molecule layer in between, and that controls an align-
ment direction of display-use liquid crystal molecules in the
display-use liquid crystal molecule layer approximately ver-
tically to a substrate face of the substrate, the method com-
prising:

forming a layer composed of polymerizable liquid crystal

molecules that have a crystalline framework, and have
characteristics to align a director (alignment vector) ver-
tically to an interface with a dissimilar material and
polymerizable characteristics for the substrate;

aligning the director in a direction slightly tilted from a

normal line direction of the substrate face while keeping
the layer composed of the polymerizable liquid crystal
molecules in a state of liquid crystal; and
polymerizing at least part of the polymerizable liquid crys-
tal molecules in the foregoing state that the director is
aligned, changing the layer composed of the polymeriz-
able liquid crystal molecules into a layer formed from a
complex composed of the unreacted polymerizable lig-
uid crystal molecules and a polymerizable liquid crystal
molecule polymer and hardening the layer, wherein
as the vertical alignment film, the layer composed of the
complex in which the alignment direction of the director
is fixed in the direction slightly tilted from the normal
line direction of the substrate face is formed.

15. The method of forming a vertical alignment film
according to claim 14, wherein before the step of aligning the
director, a treatment for making the polymerizable liquid
crystal molecules come into a state of liquid crystal in which
the director is aligned vertically to the substrate face in the
layer composed of the polymerizable liquid crystal mol-
ecules.

16. The method of forming a vertical alignment film
according to claim 15, wherein after the step of forming the
layer composed of the polymerizable liquid crystal molecules
and before the step of aligning the director, a step of increas-
ing temperature of the layer composed of the polymerizable
liquid crystal molecules, thereby once making the polymer-
izable liquid crystal molecules come into a state of isotropic
phase, and then gradually lowering the temperature of the
layer composed of the polymerizable liquid crystal mol-
ecules, and thereby making the polymerizable liquid crystal
molecules come into a state of liquid crystal in which the
director is aligned vertically to the substrate face is per-
formed.

17. The method of forming a vertical alignment film
according to claim 14, wherein the director in the layer com-
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posed of the polymerizable liquid crystal molecules is aligned
in a direction tilted by 0.1 to 20 degrees from the normal line
direction of the substrate face.
18. The method of forming a vertical alignment film
according to claim 17, wherein the director in the layer com-
posed of the polymerizable liquid crystal molecules is aligned
in a direction tilted by 1 to 10 degrees from the normal line
direction of the substrate face.
19. The method of forming a vertical alignment film
according to claim 18, wherein the director in the layer com-
posed of the polymerizable liquid crystal molecules is aligned
in a direction tilted by 1 to 5 degrees from the normal line
direction of the substrate face.
20. The method of forming a vertical alignment film
according to claim 14, wherein the polymerizable liquid crys-
tal molecules are polymerized by irradiation of ultraviolet
ray, infrared ray, or electron ray, and/or heating.
21. The method of forming a vertical alignment film
according to claim 20, wherein as the polymerizable liquid
crystal molecules, molecules having at least one functional
group selected from the group consisting of an acryloyloxy
group, a methacryloyloxy group, a vinyl ether group, and an
epoxy group as a polymerizable functional group are used.
22. The method of forming a vertical alignment film
according to claim 14, wherein the director is aligned in the
direction slightly tilted from the normal line direction of the
substrate by applying a magnetic field to the layer composed
ofthe polymerizable liquid crystal molecules kept in the state
of liquid crystal.
23. The method of forming a vertical alignment film
according to claim 22, wherein as the polymerizable liquid
crystal molecules, molecules having large magnetic suscep-
tibility anisotropy are used.
24. The method of forming a vertical alignment film
according to claim 22, wherein as the polymerizable liquid
crystal molecules, molecules having an aromatic ring are
used.
25. The method of forming a vertical alignment film
according to claim 14, wherein a step of polymerizing the
polymerizable liquid crystal molecules in partial regions in
each pixel by radiation of ultraviolet ray, infrared ray, or
electron ray with the use of a photo mask is performed for
every plurality of regions in a pixel while changing an appli-
cation direction of a magnetic field, and thereby in each pixel,
the layer composed of the complex is formed as a pattern
composed of a plurality of regions in which a tilt direction of
the director is different from each other.
26. A vertical alignment substrate arranged to be contacted
with a display-use liquid crystal molecule layer of a liquid
crystal display device, wherein
a vertical alignment film is provided on a face side con-
tacted with the display-use liquid crystal molecule layer,

the vertical alignment film is formed from a layer com-
posed of polymerizable liquid crystal molecules having
a crystalline framework, and having characteristics to
align a director (alignment vector) vertically to an inter-
face with a dissimilar material and polymerizable char-
acteristics,

atleast part of the polvmerizable liquid crystal molecules is

polymerized in the case where the layer composed of the
polymerizable liquid crystal molecules is in a state of
liquid crystal and in a state that the director is aligned in
a direction slightly tilted from a normal line direction of
the substrate face, the layer composed of the polymer-

Jun. 11, 2009

izable liquid crystal molecules is changed into a layer
formed from a complex composed of the unreacted
polymerizable liquid crystal molecules and a polymer-
izable liquid crystal molecule polymer and hardened,
and thereby the vertical alignment film is formed, and

the alignment direction of the director in the complex is
fixed in the direction slightly tilted from the normal line
direction of the substrate face.

27. A method of manufacturing a vertical alignment sub-
strate arranged to be contacted with a display-use liquid crys-
tal molecule layer of a liquid crystal display device, the
method including:

forming a vertical alignment film on a face side contacted

with the display-use liquid crystal molecule layer, the
method of forming the vertical alignment film including
the steps of

forming a layer composed of polymerizable liquid crystal

molecules that have a crystalline framework, and have
characteristics to align a director (alignment vector) ver-
tically to an interface with a dissimilar material and
polymerizable characteristics for the substrate,

aligning the director in a direction slightly tilted from a

normal line direction of the substrate face while keeping
the layer composed of the polymerizable liquid crystal
molecules in a state of liquid crystal, and

polymerizing at least part of the polymerizable liquid crys-

tal molecules in the foregoing state that the director is
aligned, changing the layer composed of the polymeriz-
able liquid crystal molecules into a layer formed from a
complex composed of the unreacted polymerizable lig-
uid crystal molecules and a polymerizable liquid crystal
molecule polymer and hardening the layer, wherein

as the vertical alignment film, the layer composed of the

complex in which the alignment direction of the director
is fixed in the direction slightly tilted from the normal
line direction of the substrate face is formed.

28. A liquid crystal display device comprising:

a display-use liquid crystal molecule layer; and

substrates arranged oppositely with the display-use liquid

crystal molecule layer in between,

wherein a vertical alignment film is provided for at least

one ofthe substrates so that the vertical alignment film is
contacted with the display-use liquid crystal molecule
layer,

the vertical alignment film is formed from a layer com-

posed of polymerizable liquid crystal molecules that
have a crystalline framework, and have characteristics to
align a director (alignment vector) vertically to an inter-
face with a dissimilar material and polymerizable char-
acteristics,

atleast part of the polymerizable liquid crystal molecules is

polymerized in the case where the layer composed of the
polymerizable liquid crystal molecules is in a state of
liquid crystal and in a state that the director is aligned in
a direction slightly tilted from a normal line direction of
the substrate face, the layer composed of the polymer-
izable liquid crystal molecules is changed into a layer
formed from a complex composed of the unreacted
polymerizable liquid crystal molecules and a polymer-
izable liquid crystal molecule polymer and hardened,
and thereby the vertical alignment film is formed, and
an alignment direction of the display-use liquid crystal
molecules when an electric field is not applied is con-
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trolled in a direction slightly tilted from a normal line
direction of the substrate face.

29. The liquid crystal display device according to claim 28,
wherein the vertical alignment film is provided for the both
substrates, and an alignment direction of the director in each
film located oppositely is in parallel with each other in the two
vertical alignment films.

30. The liquid crystal display device according to claim 28,
wherein the alignment direction of the display-use liquid
crystal molecules when an electric field is not applied is a
direction tilted by 0.1 to 5 degrees from the normal line
direction of the substrate face.

31. The liquid crystal display device according to claim 30,
wherein the alignment direction of the display-use liquid
crystal molecules when an electric field is not applied is a
direction tilted by 0.5 to 2.5 degrees from the normal line
direction of the substrate face.

32. The liquid crystal display device according to claim 31,
wherein the alignment direction of the display-use liquid
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crystal molecules when an electric field is not applied is a
direction tilted by 0.8 to 1.5 degrees from the normal line
direction of the substrate face.

33. The liquid crystal display device according to claim 28,
wherein the alignment direction of the display-use liquid
crystal molecules when an electric field is not applied is the
opposite direction of an alignment direction of the director in
the vertical alignment film in relation to the normal line of the
substrate face.

34. The liquid crystal display device according to claim 28,
wherein an optical compensated layer for compensating opti-
cal anisotropy generated by the vertical alignment film and
the display-use liquid crystalmolecules when an electric field
is not applied is provided.

35. The liquid crystal display device according to claim 28
structured as a transmissive liquid crystal display device that
forms a transmissive liquid crystal display unit in combina-
tion with a backlighting unit.
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