
12 MAY 2005  1 METHOD OF MANUFACTURING PHOTO-ALIGNMENT LAYER  BACKGROUND
OF THE INVENTION 1. FIELD OF THE INVENTION 5 The present invention
relates to a method of  manufacturing a photo-alignment layer used in a
liquid crystal  display device and, more particularly, to a method of
manufacturing a photo-alignment layer, capable of aligning  liquid
crystal molecules by light exposure, without being 10 subjected to a
rubbing treatment.  2. DESCRIPTION OF RELATED ART In liquid crystal
display devices, the state of molecular  alignment of liquid crystals is
changed by the action of an 15 electric field and a change in optical
characteristics  attending the change is utilized for display. In
general,  liquid crystals are used while interposed in the space between
two substrates. To align liquid crystal molecules in a  specific
orientation, the interior surfaces of the substrates 20 are subjected to
an alignment treatment. The alignment treatment is usually performed by a
rubbing  method in which a layer made of a polymer such as a polyimide
is formed on a substrate made of glass, for example, and then  rubbed
with a cloth in one direction. Consequently, liquid 25 crystal molecules
near the substrate are aligned so that their 12 MAY 2005  2 directors
become parallel to the rubbing direction. For  



example, in a twist nematic (TN) cell, two substrates coated  with an
alignment layer on their interior surfaces face each  other between two
polarizers whose polarization directions are 5 perpendicular to each
other, and the substrates are further  arranged so that their rubbing
directions are parallel to the  polarization direction of their adjacent
polarizers, thereby  making it possible to form a display which operates
based on  changes in light transmittance. 10 Although the rubbing method
has the advantage that the  manufacturing apparatus has a simple
structure, a cleaning  process is required after the alignment treatment
because dust  may adhere during the manufacturing process. Also in TFT
liquid crystal cells, which have recently been widely used, 15 TFT
previously deposited on the substrate may be destroyed by  static
electricity which is generated during the rubbing  process, thus lowering
the manufacturing yield. In the liquid  crystal display device, since
liquid crystal molecules align  in some direction, problems arise, such
as viewing-angle 20 dependence in which the display color or contrast
varies  depending on the viewing angle. As one method of solving the
problem, for example,  Japanese Unexamined Patent Application, First
Publication No.  Sho 62-159119 has proposed a multi-domain method of
providing 25 different pretilt angles of the liquid crystal molecules for
12 MAY 2005  3 different regions obtained by dividing each pixel, while
Japanese Unexamined Patent Application, First Publication No.  



Sho 63-106624 has proposed a multi-domain method of providing  different
alignment directions of the liquid crystal molecules 5 for different
regions obtained by dividing each pixel. Such  multi-domains are not
suited for rubbing alignment method  because of the complicated process
required. To solve these problems, there has recently been interest  in
liquid crystal alignment controlling techniques which do  10 not use
rubbing. As non-rubbing alignment techniques, for example, the oblique
evaporation method, the LB (Langmuir  Blodgett's) layer method,
photolithography methods, and photo- alignment methods have been studied.
Among these methods, the  photo-alignment method, in which a coating
layer formed on a 15 substrate is exposed to polarized light to provide a
liquid  crystal aligning property, is simple. Therefore, the photo-
alignment method has been intensively studied. As the photo- alignment
method, a method utilizing photoisomerization of a  photo-alignment
moiety (e.g., an azo group) capable of 20 carrying out a photo-alignment
function in organic molecules,  a method utilizing photo dimerization of
a cinnamoyl group, a  coumarin group, or a chalcone group, a method
utilizing photocrosslinking of a benzophenone group, and a method
utiIizing photodegradation of a polyimide resin have been  25 reported.
12 MAY 2005  4 As the material for the photo-alignment layer, which
utilizes photoisomerization, photo dimerization, or  photocrosslinking, a
polymeric material, in which the photo- 



alignment moiety is introduced into the side chain or the main 5 chain,
is often used to obtain a uniform layer when coated on  a substrate made
of glass, for example. It is also possible  to use a material prepared by
using molecules having a photo- alignment property as guest molecules and
dispersing them in a  host compound consisting of a polymeric compound.
10 For example, U.S. Patent No. 4,974,941 discloses a photo- alignment
material which can align liquid crystals In a fixed  direction to the
polarization direction by mixing a dichroic  dye with a resin such as
polyimide and exposing the mixture to  polarized light. However, this
photo-alignment material has 15 the problem that the alignment state
obtained by exposure to  polarized light easily changes by exposure to
light having  different directions of polarization because the photo-
alignment material utilizes cis-trans isomerization of the  dichroic dye
and is reversible. The photo-alignment layer 20 disclosed in said U.S.
patent is unstable and is likely to  change its alignment state even by
exposure to natural light,  anc therefore, it is not suited for practical
use in a liquid  crystal display device. The low-molecular weight
dichroic dye  included in the photo-alignment layer has the problem that
it 25 gradually diffuses into the liquid crystal, and thus the 2 MAY 2005
5 characteristics (e.g., voltage holding ratio) of the liquid  crystal
display device are likely to be degraded, and also has  the problem that
the photo-alignment layer loses the liquid  crystal alignment capability
with the passage of time. 



5 Japanese Unexamined Patent Application, First Publication  No. Hei
8-328005 and U.S. Patent No. 6,001,277 disclose a  liquid crystal
alignment layer obtained by exposing a film  made of a resin having a
photoisomerizable structural unit,  which exhibits dichroizm, to
polarized light. That is, a film 10 made of the resin obtained by coating
a resin solution having  a structural unit, which exhibits dichroizm, on
a substrate -s  exposed to polarized light, thereby causing alignment,
and,  furthermore, the state of aligment is fixed by a crosslinking
group of the resin. However, a layer having a structure in which the
strucLural unit, which exhibits dichroizm, is incorporated  into the
resin has the problem that this structure makes  recrientation of the
dichroic structural unit by polarized  licht difficult, thereby it is
difficult to obtain sufficient 20 alignment property. Although the
problems described above can  be solved to some extent with respect to
the layer made of a  resin having a structural unit in the side chain
which  exhibits dichroizm, the alignment direction of the structural
unit which exhibits dichroizm is not completely fixed, thereby 25 causing
the problem that the alignment state of the structural 2 MAY 2005  6 unit
is gradually lost by heat and light, and thus the liquid  crystal
alignment capability cannot be maintained for a long  period. 5 BRIEF
SUMMARY OF THE INVENTION An object to be achieved by -the present
invention is to  



provide a photo-alignment layer, which has excellent long-term  stability
to light and heat. To achieve the object described above, the present 10
invention provides a method of manufacturing a photo-alignment  layer
which comprises coating a material for the photo- alignment layer, which
contains a dichroic dye having two or  more polymerizable groups per
molecule, on a substrate, and  exposing the coating laver to polarized
light, thereby 15 imparting a photo-aligment function, and polymerizing
the  polymerizable groups by heating or light exposure.  According to the
method of manufacturing a photo alignment layer of the present invention,
it is made possible  to provide a photo-alignment layer, which has
excellent 20 photochemical long-term stability. According to the method
of  manufacturing a photo-alignment layer of the present  invention, a
uniform and stable alignment layer can be formed  because the material
for the photo-alignment layer is coated  on the substrate, exposed to
polarized light, and then 25 thermally cured or photocured. 12 MAY 2005
DETAILED DESCRIPTION OF THE INVENTION The material for a photo-alignment
layer, which is used  in the manufacturing method of the present
invention, contains  5 a dichroic dye having two or more polymerizable
groups per molecule. in the dichroic dye having two or more
polymerizable groups per molecule, the term "dichroic dye"  refers to a
dye in which a light absorbing property of  chromophore varies depending
on the direction of an electric 



10 vector of polarized light. Examples of the dichroic dye  include
anthraquinone, azo, quinophthalone, and perylene dyes.  Among these dyes,
the azo or anthraquinone dye is particularly  preferred because it
exhibits good photo-alignment properties  by exposure to polarized light.
Before introducing a 1 polymerizable group, the azo or anthraquinone dye
can be used  without any specific limitation as far as it can be used as
the dichroic dye. The dichroic dye having a polymerizable group used in
the  present invention can be easily synthesized by reacting a 20
dichroic dye having a hydroxyl group with carboxylic acid  having a
polymerizable group, carboxylic acid chloride having  a polymerizable
group, or a carboxylic anhydride having a  polymerizable group according
to a publicly known method. The  dichroic dye having a hydroxyl group can
be easily synthesized  25 by a publicly known method. 12 MAY 2005  The
dichroic dye having two or more polymerizable groups per molecule used in
the present invention can be easily  polymerized by exposure to light or
heating, thereby making it  possible to fix molecules in the
photo-alignment layer, which 5 achieved anisotropy by exposure to
polarized light, and to  retain anisotropy for a long period, and thus a
stable liquid  crystal alignment layer can be obtained. Examples of the
polymerizable group include a  (meth)acryloyl group, a (meth)acryloyloxy
group, a 10 (meth)acrylamide group, a vinyl group, a vinyloxy group, an
azide group, a chloromethyl group, and an epoxy group. Among  



these groups, a (meth)acryloyl group, a (meth)acryloyloxy  group, a
(meth)acrylamide group, a vinyl group, and a vinyloxy  group are preferred
because the photopolymerization or thermal 15 polymerization can be
conducted comparatively easily, and a  (meth)acryloyl group, a
Imeth)acryloyloxy group, and a  (meth)acrylamide group are more preferred.
These polymerizable groups may be combined with the azo  or anthraquinone
dye via a linker group which may have an 20 ester bond, an ether bond, an
imide bond, or an amide bond,  such as alkylene group or phenylene group.
Examples of the linker group include straight-chain  alkylene groups
having 1 to 18 carbon atoms, such as a  methylene group, an ethylene
group, a trimethylene group, a 25 tetramethylene group, a pentamethylene
group, a hexamethylene 12 MAY 2005  9 group, a heptarriethylene group, an
octamethylene group, a  nonamethylene group, a decamethylene group, an
undecamethylene  group, or a dodecamethylene group; branched alkyl groups
having I to 18 carbon atoms, such as a 1-methylethylene group, 5 a
1-methyl-trimethylene group, a 2-methyl-trimethylene group,  a
1-methyl-tetramethylene group, a 2-methyl-tetramethylene  group, a
1-methyl-pentamethylene group, a 2-methyl- pentamethylene group, or a
3-methyl-pentamethylene group;  phenylene groups such as a p-phenylene
group; and 10 alkoxyphenylene groups having a CI-28 straight-chain or
branched alkoxyl group, such as a 2-methoxy-1,4-phenylene  group, a
3-methcxy-1,4-phenylene group, a 2-ethoxy-1,4- 



phenylene group, a 3-ethoxy-1,4-phenylene group, or a 2,3,5-
trimethoxy-1,4-phenylene group. 15 The dichroic dye having two or more
polymerizable groups  per molecule is used alone as the material for the
photo- alignment layer, and can also be used in combination with a
polymeric material such as polyvinyl alcohol or polyimide. Among the azo
dyes having two or more polymerizable  20 groups per molecule used in the
method of manufacturing the  photo- alignment layer of the present
invention, an azo dye  represented by the general formula (1) is
preferred: 12 MAY 2005  10 R' so  -YI y2  RI I + X N=N-(~ N=N _X2 -R' -
2M  R' S03 R wherein R1 and Rr each independently represent a
polymerizable  group selected from the group consisting of a
(meth)acryloyl  group, a (meth)acryloyloxy group, a (meth)acrylamide
group, a 5 vinyl group, and a vinyloxy group; X1 and X2 each
independently  represent ~1) a direct bond, (2) an alkylene or a
phenylene  group having I to 18 carbon atoms, or (3) a linker group in
which the alkylene group and the phenylene group (2) are  combined via a
dircct bond, an ester bond, an ether bond, an 10 imide bond, or an amide
bond; Y 2 represents a direct bond when  X 1 is a direct bond; Y 2
represents a direct bond when X 2 is a  direct bond; Y1 and Y 2 each
independently represent a direct  



bond, an ester bond, an ether bond, an imide bond, or an amide  bond when
X1 and X2 represent a linker group other than the 15 direct bond; R 2, R
3 , R 4 , and R 5 each independently represent  hydrogen, halogen, a
carboxyl group, a methyl halide group, a  methoxy halide group, a cyano
group, or a hydroxyl group; and  M represents hydrogen, an alkali metal,
or NH4. Among the polymerizable groups described above, a  20
(meth)acryloloxy group and a (meth)acrylamide group are  6 preferred as
R' and R in the general formula (1) Specific examples of R 2, R 3, R 4 ,
and R5 in the general 12 MAY 2005  formula (1) include hydrogen; halogens
such as fluorine, chlorine, bromine, or iodine; carboxyl groups; methyl
halide  groups such as a fluoromethyl group, a diflucromethyl group, a
trifluoromethyl group, or a chloromethyl group; methoxy halide 5 groups
such as a fluoromethoxy group, a trifluoromethoxy  group, or a
chloromethoxy group; a cyano group; and a hydroxyl  group. Among these
groups, carboxyl groups and  trifluoromethyl groups are particularly
preferred. Examples of M in the general formula (1) include a 10 hydrogen
atom; alkali metal atoms such as lithium, sodium, or  potassium atoms;
and NH4. Among these, sodium atom is  preferred. The azo dye having a
polymerizable group represented by  the general formula (1) can be easily
synthesized by the 15 following method. That is, a diazonium salt is
synthesized by  a ciazotization reaction between
benzidine-3,3'-disulfonic  



acid and sodium nitrite. A 4,4'-bis(4-hydroxy-3-
trifluoromethylphenyl-l-azo)biphenyl-3,3'-disulfonic acid  di~~,odium
salt is synthesized by reacting o 20 trdfluoromethylphenol with a
diazonium salt mixture. The azo  dye having a hydroxyl group thus
obtained is reacted with a  carboxylic acid having a polymerizable group,
carboxylic acid  chloride having a polymerizable group, or carboxylic
anhydride  having a polymerizable group by a publicly known method, 25
thereby synthesizing an azo dye having a pclymerizable group 2 MAY 2005
12 represented by the general formula (1). The azo dye having a
polymerizable group represented by  the general formula (1) exhibits high
solubility in water or a  polar organic solvent and exhibits a good
affinity to a 5 substrate such as glass because it has a sulfo group or a
salt  thereof. Therefore, a coating layer, which has mechanical and
long-term stability, can be formed on a substrate such a glass  only by
coating a material for a photo-alignment layer, which  is prepared by
dissolving the azo dye having a polymerizable 10 group represented by the
general formula (1) in water or a  polar organic solvent, on the
substrate and removing the water  or polar organic solvent. Exposure of
an unpolymerized coating layer made of the  material for a
photo-alignment layer containing an azo dye  15 having a polymerizable
group, which was formed on a substrate such as glass, to polarized light
selectively excites a  structural unit having an electronic transition
moment in the  



same direction as that of an electric vector of polarized  light and
recrients the electronic transition moment of the 20 molecule so as not
to coincide with the direction of the  electric vector of polarized
light. Consequently, anisotropy  arises in the coating layer, thereby
enabling the coating  layer to carry out a photo-alignment function.
Because there are two polymerizable groups per molecule,  25 the azo dye
represented by the general formula (1) is easily 2 MAY 2005  13
polymerized, thereby making it possible to fix the structural  unit in
the coating laver, which achieved anisotropy by  exposure to polarized
light, and to retain anisotropy for a  long period, and thus a stable
liquid crystal alignment layer  5 can be obtained. Among the
anthraquinone dyes having at least two  polymerizable groups per
molecule, which are used in the  method of manufacturing a
photo-alignment layer of the present  invention, an anthraquinone dye
represented by the general 10 formula (2) is preferred:  0  7 _'V7 _~J7
(RI Y9- X9 - R9) P  (R 8 _X 8 -Y 8 n ~Y'Q- X'Q-- R1%  (RI R 1~ S 0
wherein R7, RO, R9, and R10 each independently represent a  



polymerizable group selected from the group consisting of a
(meth)acryloyl group, a (meth)acryloyloxy group, a 15 (meth)acrylamide
group, a vinyl group, and a vinyloxy group;  X~' X8, X9, and X10 each
independently represent a direct bond,  an alkylene group, or a phenylene
group; Y7, Ya' Y9, and Y"  represent a direct bond when X1, X8, X9, and
X20 represent a  direct bond; Y7, YB, Y9, and Y10 each independently
represent a 20 direct bond, an ester bond, an ether bond, an imide bond,
or  an amide bond when X7, X8, X9, and XIO each independently  represent
an alkylene group or a phenylene group; m, n, p, and 2 MAY 2005  14 q
each independently represent an integer of 0 to 4, provided  that the sum
total of m, n, p, and q is from 2 to 4; R11 and  R 22 represent a group
selected from the group consisting of a  hydroxyl group, a nitro group, a
sulfo group, an amino group, 5 a carboxyl group, a mercapto group, and a
carbamoyl group; and  r and s each independently represent an integer of
0 to 4,  provided that the sum total of r and s is from 0 to 6. Among
those described above, any of R7-X 7 _Y7-, R8-x8-yB-,  R'-X'-Y'-, and
R"-X"-Y"- is preferably a (meth)acryloyl group,  10 a (meth)acryloyloxy
group, or a (meth)acrylamide group, and particularly preferably a
(meth)acryloyloxy group or a  (meth)acrylamide group. Among the
anthraquinone dyes represented by the general  formula (2), a dye having
a hydroxyl group, a nitro group, a  15 sulfo group, an amino group, a
carboxyl group, a mercapto group, or a carbamoyl group exhibits good
solubility in water  



or a polar organic solvent. Among the anthraquinone dyes  represented by
the general formula (2) , a dye in which R21 and  R 12 represent a
hydroxyl group, a sulfo group, or a carboxyl 20 group is preferred
because the affinity to a substrate such as  glass is improved, and a
uniform coating layer can be  obtained. Furthermore, a dye in which R13
and R 12 represent a  hydroxyl group or a sulfo group is particularly
preferred. The anthraquinone dye represented by the general formula  25
(2) can be easily synthesize by reacting an anthraquinone dye 12 MAY 2005
having a hydroxyl group or an amino group with a carboxylic acid having a
polymerizable group, a carboxylic acid chloride  having a polymerizable
group, or a carboxylic anhydride having  a polymerizable group by a
publicly known method. The 5 ant.iraquinone dye having a hydroxyl group
or an amino group  can also be easily synthesized from the anthraquinone
dye by a  publicly known method. The anthraquinone dye represented by the
general formula  (2) exhibits high solubility in water or a polar organic
10 solvent and exhibits a good affinity to a substrate such as  glass.
Therefore, similar to the material for the photo- alignment layer, which
contains an azo dye represented by the  general formula (1), exposure of
an unpolymerized coating  layer made of the material for the
photo-alignment layer 15 containing an azo dye having a polymerizable
group to  polarized light selectively excites the structural unit having
an electronic transition moment in the same direction as that  of an
electric vector of polarized light and reorients the  



electronic transition moment of the molecule to the direction 20 which
reduces light absorption. Consequently, anisotropy  arises in the coating
layer, thereby enabling the coating  layer to carry out a photo-alignment
function. Because of the  polymerizable group, the anthraquinone dye can
be easily  polymerized by exposure to light or heating, thereby making it
25 possible to fix the structural unit in the coating layer, 12 MAY 2005
26 which achieved anisotropy by exposure to polarized light, and  to
retain anisotropy for a long period, and thus a stable  liquid crystal
alignment layer can be obtained. The material for the photo-alignment
layer used in the  5 method of manufacturing is used after dissolving in
an  appropriate solvent. Examples of the solvent which enables  the
material for the photo-alignment layer to exhibit good  solubility
include, but are not limited to, N- methylpyrrolidone, dimethylformamide,
butylcellosclve, y 10 butyrolactone, chlorobenzene, dimethyl sulfoxide,
dimethylacetamide, and tetrahydrofuran. Among these solvents,
N-methylpyrrolidone, butylceilosolve, y-butyrolactone, and
dimethy1formamide are particularly preferred because the  ccatability of
the solution of the material for the photo 15 alignment layer to a
substrate such as glass is good, and a  uniform layer can be obtained.
The photo-alignment layer can be manufactured by coating  the solution of
the material for the photo-alignment layer  onto the substrate by a
method such as spin coating or a 



20 printing method, drying the coating layer, and conducting
photo-alignment operation and the polymerization of the  polymerizable
grouddp. The substrate used in the present invention is a  substrate which
is conventionally used in the liquid crystal  25 display device and has
enough heat resistance to withstand 12 MM 2005  17 heating in the case of
drying after coating the alignment  layer or bonding upon assembling of
the liquid crystal device.  A glass substrate can be such a substrate. The
term "photo-alignment operation" refers to an 5 operation of imparting a
photo-alignment function by exposure  to polarized light. A wavelength,
which enables the dichroic  dye used in the present invention to have
light absorption, is  selected as the wavelength of the polarized light,
and examples of light having such a wavelength include visible and  10 UV
light. Particularly, UV light having a wavelength within a  range from
about 300 to 400 nm is preferred. Examples of the  polarized light used in
photo-alignment include linearly polarized light and elliptically
polarized light, and linearly  polarized light obtained by passing light
from a UV light 15 source, such as Xenon lamp, high-pressure mercury lamp,
or  metal halide lamp, through a polarizing filter or a polarizing  prism
such as Glan-Thompson polarizing prism or Glan-Taylor  polarizing prism is
preferrable. To obtain a pretilt angle of  the liquid crystal, a method of
exposure to polarized light in 20 a direction oblique to the substrate,
and a method of exposure  



to non-polarized light in an oblique direction after exposure  to
polarized light may be used. The polymerization operation is generally
conducted due  to exposure to UV light or heating after the
photo-alignment  25 operation. If necessary, a pclymerization initiator
can also 2 MAY 2005  be added to the material for the photo-alignment
layer. In the case of the polymerization due to light exposure,  a
photopolymerization initiator is preferably used as the  polymerization
initiator. As the photopolymerization 5 initiator, conventionally known
ones can be used, and examples  thereof include
2-hydroxy-2-methyl-l-phenylpropan-l-one (" DAROCURE 11-73", manufactured
by Merck Co. ) , 1- hydroxycyclohexyl phenyl ketone ("IRGACURE284",
manufactured  by Ciba-Geigy Corporation),
2-(4-isopropylphenyl)-2-hydroxy-2 10 methylpropan-l-one (" DAROCURE
IaI6", manufactured by Merck  Co.),
2-methyl-l-[(methylthio)phenyl]-2-morpholinopropane-I  ("IRGACURE 907",
manufactured by Ciba-Geigy Corporation),  berzyl dimethyl ketal
("IRGACURE 651", manufactured by Ciba- Geigy Corporation),a mixture of
2,4-diethyloxanthone 15 (" KAYACURE DETX", manufactured by Nippon Kayaku
Co. , Ltd.) and  ethyl p-dimethylaminobenzoate ("KAYACUREEPA",
manufactured by  Nippon Kayaku Co., Ltd.), and acylphosphine oxide
("LUCIRIN  TPO", manufactured by BASF Corporation) as a mixture of
isepropylthioxanthone ("CANTACURE DETX", manufactured by 20 Wordprekinsop
Co.) and ethyl p-dimethylaminobenzoate. In the case of the polymerization
due to heating, a  thermal polymerization initiator is preferably used as
the  



polymerization initiator. As the thermal polymerization  initiator,
conventionally known ones can be used, and examples 25 thereof include
peroxides such as henzoyl peroxide, 2,4 12 MM 2005  19 dichlorobenzoyl
peroxide, 1,1-di(tertiary-butylperoxy)-3,3,5- trimethylcyclohexane,
n-butyl-4,4'-di(tertiary- butylperoxy)valerate, and dicumyl peroxide; azo
compounds such  as 7-azobisisobutyronitrile; and tetramethylthiuram
disulfide. 5 When the polymerization operation is conducted by light
exposure, in order to prevent the aligned state of the  material for the
photo-alignment layer, which has already been  obtained, from being
disturbed, it is preferable for exposure  to light having a wavelength
which is not absorbed by the 10 structural unit (this structural unit
corresponds to an  azcbenzene skeleton in the azo dye, or an
anthraquinone  skeleton in the anthraquinone dye) which exhibits
anisotropic  light absorption of the dichroic dye, that is, light having
a  wavelength which is different from that capable of imparting 15 the
liquid crystal alignment capability. Specifically, it is  preferable to
expose to non-polarized UV light having a  wavelength within a range from
200 to 320 nm. When the  polymerization operation is conducted by
heating, the  substrate subjected to the photo-alignment operation by 20
coating the material for the photo-alignment layer as  described above is
heated. The heating temperature is  preferably within a range from 100 to
300'C, and more  preferably from 100 to 200'C. 



One embodiment of the method of manufacturing a liquid 25 crystal display
device using the photo-alignment layer made by 12 MAY 2005  20 the method
of manufacturing a photc-alignment layer of the  present invention will
now be described below. A solution of  a material for the phcto-alignment
layer of the present  invention is coated to each surface of two glass
substrates 5 provided with ITO transparent electrodes and dried, and then
the photo-alignment operation and polymerization operation  were
conducted to make a photo-alignment layer. The surfaces  provided with
the photo-alignment layer are faced via a spacer  so that their exposed
light polarization directions are 10 perpendicular to each other, and
then a liquid crystal is  injected between the space. A polarizing plate
is attached to  the outside of the liquid crysial cell thus obtained so
that  the alignment direction of the photo-alignment layer agrees  with
the transmitting polarizing direction in each substrate, 15 thereby
making it possible to manufacture a liquid crystal  display device. The
dichroic dye having a polymerizable group used in the  present invention
has the feature that it exhibits high  solubility in water or a polar
organic solvent and exhibits a 20 good affinity to a glass substrate or a
transparent electrode  made of oxide such as ITO. Therefore, a stable
coating layer  can be obtained by coating the material for the photo-
alignment layer used in the present invention on the glass  substrate and
drying the solvent. A portion of the material 



25 for the photo-alignment layer does not diffuse into the liquid 12 MAY
2005  21 crystal and thus the characteristics of the liquid crystal
display device (e.g., liquid crystal alignment capability,  voltage
holding ratio) are not likely to deteriorate. Since  the material for the
photo-alignment layer used in the present 5 invention has a polymerizable
group, the aligned state can be  fixed by conducting the polymerization
treatment after the  alignment operation, thereby making it possible to
solve the  problem that a conventional photo-alignment layer is unstable
to light exposure. 10 EXAMPLES  The following Synthesis Examples,
Examples, and  Comparative Examples further illustrate the present
invention  in detail, but the present invention is not limited by -these
15 Examples. Synthesis Example I An aqueous solution of 0.28 g (0.004
mol) of sodium  nitrite was added to 0.69 g (0.002 mol) of
benzidine-3,31- 20 disulfonic acid, and 3.0 ml (0.0024 mol) of 3%
hydrochloric acid was added dropwise while stirring the mixture, and then
a  diazotization reaction was conducted. 10 ml of an aqueous 5%  sodium
carbonate solution was mixed with 0.65 g (0.004 mol) of
o--rifluoromethylphenol, and, while cooling the mixture in an 25 ice bath
and stirring, the diazonium salt mixture obtained by 12 MAY 2005  



22 the method described above was gradually added dropwise, and  the
reaction was continued for 4 hours. After the completion  of the
reaction, the precipitate was collected by filtration  and washed with
heated chloroform and acetone to obtain 0.75 g 5 (yield: 51%) of a
4,4'-bis(4-hydroxy-3-triflucromethylphenyl-
I-azo)biphenyl-3,3'-disulfonic acid disodium salt. 0.22 g  (0.10003 mol)
of the azo dye thus obtained was mixed with 10 ml  of pyridine, followed
by stirring. After adding 0.063 g  (0.0006 mol) of methacrylic acid
chloride to the mixture, the 10 reaction was continued under reflux for 3
hours. The reaction  product was cooled to room temperature, followed by
the  addition of ethanol and further filtration to obtdin a  precipitate.
After ethanol was further added to the reaction product, the solution was
boiled by heating and filtered again  15 to obtain a precipitate, which
was immediately dried in air.  Consequently, 0.16 g (yield: 63%) of a
compound represented by  the formula (3): F3C CF3 O~f N- N\\  N// Na03S
S03Na  N 0~  was obtained. 20 Synthesis Example 2 An aqueous solution of
0.28 g (0.004 mol) of sodium  nitrite was added to 0.69 g (0.002 mol) of
benzidine-3,3' 



2 MAY 2005  23 disulfonic acid, and then 3 ml (0.0024 mol) of 3%
hydrochloric  acid was added dropwise while stirring the mixture, and
then a  diazotization reaction was conducted. 10 ml of an aqueous 5%
sodium carbonate solution was mixed with 0.55 g (0.004 mol) of 5
3-hydroxybenzoic acid, and, while cooling the mixture in an  ice bath and
stirring, the diazonium salt mixture obtained by  the method described
above was gradually added dropwise, and  the reaction was conducted for 4
hours. After the completion  of the reaction, the precipitate was
collected by filtration 10 and washed with heated chloroform and acetone
to obtain 0.~7 g  (yield: 56%) of a 4,4'-bis(4-hydroxy-2-carboxyphenyl-l-
azo)biphenyl-3,3'-disulfonic acid disodium salt. 0.21 g  (0.0003 mol) of
the azo dye thus obtained was mixed with 10 ml of pyridine, followed by
stirring. After adding 0.063 g 15 (0.0006 mol) of methacrylic acid
chloride to the mixture, the  reaction was continued under reflux for 3
hours. The reaction  product was cooled to room temperature, followed by
the  addition of ethanol and further filtration to obtain a  precipitate.
After ethanol was further added to the reaction 20 product, the solution
was boiled by heating and filtered again  to obtain a precipitate, which
was immediately dried in air.  Consequently, 0.15 g (yield: 62%) of a
compound represented by  the formula (4): 12 MAY 2005  24 COOH  



N  N11 N-tX -0 NaOS S03Na 0~-<  was obtained. Synthesis Example 3 5 2.7 g
(0.01 mol) of 1,8-dihydroxy-4,5- diaminoanthraquinone and 6.27 g (0.06
mol) of methacrylic acid  chloride were added to 30 ml of pyridine, and
the reaction was  continued under reflux for 30 minutes. The reaction
product  was cooled to room temperature and poured into 100 ml of 5% 10
diluted hydrochloric acid, and then the solution was filtei:ed.  The
resulting precipitate was washed with water and then  dried. The product
thus obtained was dissolved in chloroform  and then purified by column
chromatography using silica gel as  the stationary phase and chloroform
as the mobile phase to 15 obtain 2.8 g (yield: 53%) represented by the
formula (5):  0 0 0 0 0  NH 0 HN  0 0 Synthesis Example 4 In the same
manner as in Synthesis Example 3, except that 12 MAY 2005  25 2.5 g (0.01
mol) of 1-hydroxy-4,5-diaminoanthraquinone and  3.76 g (0.036 mol) of
methacrylic acid chloride were used,  1.99 g (yield: 42%) of a compound
represented by the formula  (6): 



0  0 0 NH 0 HN  5 0 U  was obtained.  Synthesis Example 5 2.7 g (0.01
mol) of 1,8-dihydrcxy-4,5- dIamincanthraquincne and 2.6 g (0.025 mol) of
methacrylic acid  chloride were mixed with 20 ml of chlorobenzene, and
the  reaction was continued under reflux for 30 minutes. The  reaction
product was cooled to 600C, and 30 ml of ethanol was  added thereto whilc
stirring. This mixture was once heated to 15 a toiling point and then
cooled to 200C. The resulting  precipitate was collected by filtration,
washed with ethanol,  dissolved in chloroform and then purified by column
chromatography using silica gel as the stationary phase and  chloroform
as the mobile phase to obtain 2.7 g (yield: 67%) 20 represented by the
formula (~): 2 MAY 7005  26 OH 0 OH  NH 0 HN  0 0 Synthesis Example 6
0.22 g (0.0003 mol) of 4,4'-bis(4-hydroxy-3 5
trifluoromethylphenyl-l-azo)biphenyl-3,3'-d~-sulfonic acid  disodium salt
was added to 10 ml of pyridine, and followed by  stirring. To the
solution, 0.19 g (0.0006 mol) of p- 



(acryloyl-n-hexyloxy)benzoic acid chloride and 0.005 g of  hydroquinone
were added, and the reaction was continued while 10 stirring at 600C for
5 hours. After the reaction product was  cooled, the precipitate was
collected by filtration, washed  with 30 ml of ethanol and then dried in
air to obtain 0.21' g  (yield: 58%) represented by the formula (8): 0
SO,Na 0  0 F,C CF, ("2U N N 1-0 tU"2)6  0 -b-Na035 0  Comparative
Synthesis Example I An aqueous solution of 0.28 g (0.004 mol) of sodium
nitrite was added to 0.69 g (0.002 mol) of benzidine-3,3'- disulfonic
acid, and then 3.0 ml (0.0024 mol) of 3% 20 hydrochloric acid was added
dropwise while stirring the 12 MAY 2005  27 mixture, and then a
diazotization reaction was conducted. 10  ml of an aqueous 5% sodium
carbonate solution was mixed with  0.63 g (0.004 mol) of
o-trifluoromethylphenol, and, while  cooling the mixture in an ice bath
and stirring, the diazonium 5 salt mixture obtained by the method
described above was  gradually added dropwise, and the reaction was
conducted for 4  hours. After the completion of the reaction, the
precipitate  was collected by filtration and washed with heated
chloroform  and acetone to obtain 0.75 g (yield: 51%) of a compound 10
represented by the formula (9): 



F Q QF3  N P" - P\\// -N HG~ N/ - \\N--(\\7// OH  Na03S S03Na Comparative
Synthesis Example 2 8 g of N-methyl-2-pyrrolidone, 0.348 g of 1-(2,4 15
d--aminophenoxy)-2-[4-~phenylazo)phenoxy]-ethane and 0.196 g of
4,4'-diaminodiphenylmethane were mixed. While cooling the  mixture in an
ice bath, 0.821 g of ethylene glycol  b-is(trimellitic anhydride) was
added to the mixture in several  portions. After the completion of the
dropwise addition, the 20 reaction was continued while cooling in an ice
bath to obtain  a solution of polyamide acid. Examples I to 8 Using
materials for the photo-alignment layer made oil' the 12 MAY 2005  28
compounds obtained in Synthesis Examples I to 6, photo- alignment layers
were formed, and the voltage holding ratio  and durability were
evaluated. The specific test procedure is  shown below. Method of making
photo-alignment layer a-1. Preparation of photo-alignment material
solution (for  photopolymerization) To 99 parts by weight of each of the
compounds obtained  10 in the Synthesis Examples and Comparative
Synthesis Examples,  1 part by weight of a photopolymerization initiator
"IRGACURE- 



651" (manufactured by Ciba-Geigy Corporation), and the niix.u~~.~  was
dissolved in dimethvlformamide to give a solution having a  nonvolatile
content of 5% by weight, which was filtered w1th a -15 filter having a
pore size of 0.1 pm to obtain a solution of a  material for a
photo-alignment layer. a-2. Preparation of photo-alignment material
solution (for  thermal polymerization) 20 To 99 parts by weight of each
of the compounds obtained  in the Synthesis Examples and Comparative
Synthesis Examples,  I part by weight of a thermal polymerization
initiator "ABN-E"  (manufactured by JAPAN HYDRAZINE COMPANY, INC.), and
the  mixture was dissolved in dimethylformamide to give a solition 25
having a nonvolatile content of 5% by weight, which was 2 MAY 2005  29
filtered with a filter having a pore size of 0.1 pm, to obtain  a
solution of a material for a photo-alignment layer. b. Formation of
photo-alignment layer  5 b-1. Photopolymerization method The solution of
the material for the photo-alignment  layer obtained by the method of
(a-1) was uniformly coated on  a glass substrate with an ITO electrode by
a spin coater and  dried at 100'C for 15 minutes, and then the surface of
the 10 coating layer was exposed to linearly polarized UV light at  about
365 nm from an ultra-high pressure mercury lamp at a  total energy of 30
J/cm2 in a direction perpendicular to a  substrate, and thus the
photo-alignment operation was  conducted. Then, the same surface was
exposed to non 



15 polarized UV light at about 313 nm from an ultra-high pressure
mercury lamp at a total energy of 50 J/cm 2 in a direction  perpendicular
to a substrate, and thus the polymerization  operation of the aligned
coating film for the photo-alignment  layer was conducted. 20 b-2.
Thermal polymerization method The solution of the material for the
photo-alignment  layer obtained by method (a-2) was uniformly coated on a
glass  substrate with an ITO electrode by a spin coater, dried and 25
then cured at 100'C for 15 minutes, and then the surface of 12 MAY 2005
30 the coating layer was exposed to linearly polarized UV light  at about
365 nm from an ultra-high pressure mercury lamp at a  total energy of 30
J/cm 2 in a direction perpendicular to a  substrate, and thus the
photo-alignment operation was 5 conducted. Then, the glass substrate was
heated in an oven at  190'C for 1 hour, and thus the polymerization
operation of the  coating film for the photo-alignment layer was
conducted. c. Formation of liquid crystal cell 10 An epoxy adhesive
containing styrene beads having a  diameter of 8 pm was coated around the
periphery of one of the  substrate coated by the photo-alignment layer
obtained in (b- 1) or (b-2), with the exception of a liquid crystal
injection  hole. Another substrate coated by the photo-alignment layer l5
was laid on the substrate so that the alignment surfaces faced  each
other, and that the plane of polarization of the exposed  



phcto-alignment layer on one substrate was at a right angle to  that of
the other substrate, and then the adhesive was cured  at 150'C over 90
minutes. The liquid crystal cell was filled 20 with a nematic liquid
crystal (5CB) in an isotropic phase by  injecting it under a vacuum
through the liquid crystal  injection hole, and then the liquid crystal
injection hole was  sealed with an epoxy adhesive. 25 Mel-hod of
evaluating photo-alignment layer 12 MAY 2005  31 A. Evaluation of liquid
crystal alignment property In the evaluation of the liquid crystal
alignment  property, a polarizing microscope equipped with a
photomultiplier in a cross-nicol state was used. An output 5 from the
photomultiplier was reduced so that the transmittance  is 0% when light
from a tungsten lamp source of the polarizing  microscope is completely
screened, while the transmittance is  100% when a sample is not placed on
a sample stage. After the  liquid crystal cell obtained in method (c) was
arranged in the 10 direction where the transmittance was maximum in state
in  which no voltage was applied, a voltage within a range from 0  to 5 V
was applied, and sweeped, thereby determining the  voltage-transmittance
(V-T) curve. The liquid crystal  alignment property was evaluated by a
contrast ratio 15 represented by the following formula: Contrast ratio =
Light transmittance upon application of  4 V/Light transmittance upon
application of 0 V.  Alternatively, the liquid crystal alignment property
was  



visually evaluated. 20 B. Measurement of voltage holding ratio To the
liquid crystal cell obtained by method (c), a DC  voltage of 5 V was
applied for 64 microseconds, and then a  holding ratio of the voltage
after opening for 16.6 25 milliseconds to the initially applied voltage
was measured. 12 MAY 2005  32 C. Evaluation of heat durability After the
liquid crystal cell obtained by method (c) was  heated at 80C for 1000
hours, the alignment property was 5 judged in terms of the contrast ratio
and by visual  observation, and the heat durability was evaluated.  D.
Evaluation of light durability After the liquid crystal cell obtained by
method (c) was  10 exposed to linearly polarized UV light from an
ultra-high  pressure mercury lamp at a total energy of 50 J/cm 2 in an
arbitrary direction, the alignment property was judged in  terms of the
contrast ratio and by visual observation, and the light durability was
evaluated.  15 Comparative Example 1 The compound of the formula (9)
obtained in Comparative  Synthesis Example 1 was dissolved in
dimethylformamide to give  a solution having a nonvolatile content of 5%
by weight, which 20 was filtered with a filter having a pore size of 0.1
pm to  obtain a solution of a material for a photo-alignment layer.  



Using the same method of making the photo-alignment layer  shown in
Examples 1 to 8, except that the polymerization  operation was not
conducted by means of light or heat, coating 25 onto the substrate and
exposure to linearly polarized UV light 12 MAY 2005  33 were conducted to
make a photo-alignment layer. Using the  resulting substrate with the
photo-alignment layer, a liquid  crystal cell was made according to the
method shown in  Examples 1 to 8, and then evaluated. Comparative Example
2 Polyamide acid obtained in Comparative Synthesis Example  2 was
dissolved in dimethylformamide to give a solution having   nonvolatile
content of 5% by weight, which was filtered with 10 a filter having a
pore size of 0.1 pm to obtain a solution of   material for a
photo-alignment layer. The resulting  solution was coated on a glass
substrate with an ITO electrode  by a spin coater and dried at 700C for 1
minute to form a  resin layer. The surface of the resulting coating layer
was 15 exposed to linearly polarized UV light at about 361. nm from an
ultra-high pressure mercury lamp at a total energy of 30 j/CM2 , and thus
the photo-alignment operation was conducted.  Using the resulting
substrate with the photo-alignment layer,  a liquid crystal cell was made
according to the method shown  20 in Examples 1 to 8, and then evaluated.
Evaluation results The evaluation results of the liquid crystal alignment
property, the voltage holding ratio and the durability are  



25 summarized in Table 1 and Table 2. The results of visual 12 MAY 2005
34 evaluation are shown in Table 1, while the results of  evaluation by
the contrast ratio are shown in Table 2. In the  visual evaluation,
samples which exhibited good alignment in a  unidirection were rated "0",
while samples where defects  arose or the alignment direction varied with
the location were  rated "X". The larger the value of the contrast
ration, the  better the alignment property. 12 MAY 2005  35 (D Z3) ~.-o
-1-0 -1-0 -0~O  0) r- 0 N N 0 cli 0 Ln  m m 0, 0) C, m m m 0)  41 'C~ >1
~4 0~ 41 0 00000000 x x  4-) W U) 4-) 4~ ~3 a)  < E  r- 4J >1  17) m
00000000 0  ~4 41  



m  4J L~4 U)  ~4  u  -H 00000000 0 0 0 0  0 H H  41 41 c f- a ~j 0 m 0 0
m 0 0 0  N -H N -H --i  4J 4J 4J H -~) ~) -W  M~4MM~-4MMM  N 0 N N N N N
0 E - H -H -1 H  .H ~4 ~4 ~4 ~4 ~4  ~j (1) (t) a) (L) (1) (o EOEEOEEr~
>1 ol >1 >1 >1 >1  r-I r-A 0 0 0 0 0 0  a m sa~ Q, ~L Q~ (11 E 0 E 0 0 E
0 0 0  >1 ~J W 4J -P ~4 4J 4J ~) ,--1 0 w 0 0 0 0 0 0 C: 0 -c: ~c 'C~ ~c
c- r (,- 0 0  a4 a' a' I D~ F4 al IL 1 04 Z I Z I  (N m Ln 



0 w w w Q) T w 0 w  H r-A  U) (L Q~ C)4 ~11 a a a a U) U) ro E E r~ E 5 E
E F~  m m m m m m m ra 4J x x x x x x x x w (1) r- W W ~4 W W W W W ~(--
-C  > >1 4~ ji  V) rf) V) U) (1) U) V) (n ~:: r H -H -H -H -li -H >1 >1
Q) U) U) co U) (1) U) V) Lo W U) co m E ~j ~j 41 41 41 4j E 6, CEL  .1i M
C: c: a a c C: ~-.: C: E m E ro  > a) x >1 >1 >11 >11 >11 >1 >1 >1 0 x 0
x m W U) co cn to co Ln U~ LO u w u 10  ~A m Ln ~o m  (n In W G) Q)  4J
-4 --1  Q~ SDI Q~ a D4 0~ Q~ 01 - 04 - 01 E E E E E E E E E 0, Ei ~l F~
-0 U) m T m ro m ro m ro m E m E ro  (0 Q) x x x x x >1 x x x C x 0 x El
z w 10 1~1 ~.-j L.-I W, w U3 Ll u LO ~ u Lo 2 MAY 7005  36 ~4 



4j  ~4 m m in cj  0 0 Ln in Ln Lq Ln in Ln in  4J -0 4~ ru  ~4  75  to
(D  4-,  >1 m N m m r-I CD CD in in ~4 m m U-) rn CD 4J a) Ln in Ln in
u-) Ln Lin in C\4  J) 4~ >1 44  ~4 ro m 0 m m C m C, r- Cl~ in r,) 1~ u
Ln in Ln in in Ln Ln Ln N  0 0 H  -C 4-) ~j 0 m 0 0 m 0 0 0 E 4J -H 4J ~J
4-J 4J  ~4 ~4  0 F 



~4 >, P ~4 ~4 ~4  41 (1) 1-4 (1) a) (1) a) (1) E 0 E r~ 0 E E E  0 >1 >1
>1 >1 >1 >1  0 0 c 0 0 0 1:14 ~4 E 0 F- 0 0 E 0 0 0 >1 4J " 4J ~4 ~) ~J
~) (1) (L)  c w 010 u 0 0 0 c r  41 0 C ~c I a C a 0 0  LO (11 P r14 04 P
al (11 al Z z  m ~4 r\1 m rn Lr) 410  0 u (f) W U) (1) E E F~ E E E E E
-H H  >1 -C ro m m m m m m m w (r) 4J x x x x x x x x v Q  r_ 1.1 w 41
r~l >1  U) U) LO ul En U) U) U) V) C r (N  -H -H -H >1 >1  w 0 m U) 0 (1)
0 ro w V 0 1 0 0 V a) -("- -a _C: -C -(-- ~a .9-- 1-- - a - a  (0 5 ~J 4J
4J 4J 4J 4-) 04 E 104 F~  ru (a c 2 c r- r~ r- 5 m E (11  > a) x >1 >11
>11 >11 >11 >11 >1 >1 0 x 0 x  



a) cr U) co co U) U) rn co u w u Ul  4~ 0 ff) Ln ~o r- w N  N ~j a) U DI
D. a C~ 04 71 E 5 EEEE~rzFINF-I a aE 1~  m m f ro E m F~ (a  a) x x 0 x 0
x p nl~ w w u Lo u wl 12 MAY 2005  37 What is claimed is: 1. A~ method of
manufacturing a photo-alignment layer, which  comprises coating a
material for the photo-alignment layer, 5 which contains a dichroic dye
having two or more polymerizable  groups per molecule, on a substrate,
exposing the coating  layer containing the dichroic dye to polarized
light, thereby  imparting a photo-alignment function to the coating
layer, and then  polymerizing the polymerizable groups by heating or
light exposure.  10 2. The method of manufacturing a photo-allignment
layer according to claim I, wherein the dichroic aye is an azo dye having
two or more polymerizable groups per molecule or an anthraquinone dye
having two or more polymerizable groups per  15 molecule. 3. The method
of manufacturing a photo-alignment layer  according to claim 2, wherein
the azo dye is an azo dye  



represented by the general formula (1): R2 R4  I -- 3 RI -XI --YI N=N y2
_X2_RI 2 MI  -T \\ --  R3 so 3 R5  20 wherein Bland R6 each independently
represent a polymerizable  group selected from the group consisting of a
(meth)acryloyl 12 MAY 2005  38 group, a (meth)acryloyloxy group, a
(meth)acrylamide group, a  vinyl group, and a vinyloxy group; X1 and X2
each independently  represent (1) a direct bond, (2) an alkylene or a
phenylene  group having 1 to 18 carbon atoms, or (3) a linker group in 5
which the alkylene group and the phenylene group (2) are  combined via a
direct bond, an ester bond, an ether bond, an  imide bond, or an amide
bond; Y' represents a direct bond when  X1 is a direct bond; Y2 represents
a direct bond when X2 is a  direct bond; Y1 and Y2 each independently
represent a direct 10 bond, an ester bond, an ether bond, an imide bond,
or an amide  bond when X1 and X2 represent a linker group other than the
direct bond; R2, R3, R4, and R5 each independently represent  hydrogen, a
halogen, a carboxyl group, a methyl halide group,  a methoxy halide group,
a cyano group, or a hydroxyl group; 15 and M represents hydrogen, an
alkali metal, or NH4. 4. The method of manufacturing a photo-alignment
layer  according to claim 3, wherein the dichroic dye represented by  



the general formula (1) is a compound in which R1 and R6 20 represent a
(meth)acryloyloxy group; R2, R3, R4, and R5  represent a trifluoromethyl
group, a carboxyl group, or  hydrogen; and M represents sodium. 5. The
method of manufacturing a photo-alignment layer 25 according to claim 4,
wherein the dichroic dye represented by 12 MAY 2005  9 the general formula
(1) is a compound in which X1 and X 2  represent an alkyleneoxyphenylene;
and Y' and y2 represent an  ester bond. 5 6. The method of manufacturing a
photo-alignment layer  according to claim 2, wherein the anthraquinone dye
is an  anthraquinone dye having a polymerizable group represented by  the
general formula (2): 0  (R'-X'-Y' Y'- X' - R')  R 8 -X 8 -Y 8 Y IQ- XI(L
R, n n I~ %  (R' R  S  0 10 wherein R 7 , RO, R9, and R10 each
independently represent a  polymerizable group selected from the group
consisting of a  (meth)acryloyl group, a (meth)acryloyloxy group, a
(meth)acrylamide group, a vinyl group, and a vinylcxy group;  7 x , X8,
X9, and X10 each independently represent a direct bond,  



15 an alkylene group, or a phenylene group; Y 7, yl, Y', and Y"
represent a direct bond when X 7, x 8, x 9, and X10 represent a  direct
bond; Y7, Y8, Y9, and Y10 each independently represent a  direct bond, an
ester bond, an ether bond, an imide bond, or  an amide bond when X7, X 8,
X9, and X10 each independently 20 represent an alkylene group or a
phenylene group; m, n, p, and  q each independently represent an integer
of 0 to 4, provided  that the sum total of m, n, p, and q is from 2 to 4;
R11 and 12 MAI 2005  40 R 22 represent a group selected from the group
consisting of a  hydroxyl group, a nitro group, a sulfo group, an amino
group,  * carboxyl group, a mercapto group, and a carbamoyl group; and  *
and s each independently represent an integer of 0 to 4, 5 provided that
the sum total of r and s is from 0 to 6.  7. The method of manufacturing
a photo-alignment layer  according to claim 6, wherein the anthraquinone
dye  represented by the general formula ~(2) is a compound in which 10
R-7 I Re, R9, and R'() represent a (meth)acryloyloxy group or a  7 8 9 10
7 a 9 (meth) acrylamide group; X , X , x , x , Y , Y , Y , and Y"
represent a direct bond; m, n, p, and q represent 0 or 1; R11  and, P1 2
represent a hydroxyl group; and r and s represent 0 or  1, provided that
the sum total of r and s is from 0 to 2. 


