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(57) ABSTRACT

An ink composition capable of forming a liquid crystal layer
even on a base material with no alignment treatment applied;
and an optical film, a polarizing film and a liquid crystal
display produced using the ink composition. The liquid crys-
tal layer forming ink composition has a liquid crystalline
molecular material, an organic solvent for dissolving or dis-
persing the molecular material, and an alcohols solvent. By
applying the ink composition on a base material, drying, and
aligning the liquid crystal molecule material, an optical film
with a liquid crystal layer formed can be obtained. Since the
alcohols solvent is contained in the liquid crystal composi-
tion, the liquid crystalline molecular material is in a state
horizontally aligned on the base material, and the optical film
can have a high transparency.
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LIQUID CRYSTAL LAYER FORMING INK
COMPOSITION, AND OPTICAL FILM,
POLARIZING FILM AND LIQUID CRYSTAL
DISPLAY PRODUCED WITH THE INK
COMPOSITION

TECHNICAL FIELD

[0001] The present invention relates to an ink composition
to be used at the time of forming a liquid crystal layer (here-
after, it is abbreviated as “liquid crystal layer forming”), and
an optical film, a polarizing film and a liquid crystal display
produced using the ink composition.

BACKGROUND ART

[0002] As to the liquid crystal materials having optical
activities, such as cholesteric liquid crystals, utilization for
many applications such as various optical films, polarizing
films and liquid crystal display has been discussed. At the
time of forming the liquid crystal material on a substrate as a
film as a liquid crystal layer, in general, the liquid crystal
molecules need to be aligned in a certain sequence.

[0003] Asamethod ofaligning the above-mentioned liquid
crystal molecules, the methods shown below have been con-
ventionally known. As one of the methods, there is a method
of forming an inorganic film on a substrate by depositing an
inorganic material such as silicon oxide from an oblique
direction for aligning the liquid crystal molecules in the
depositing direction. According to the method, although
stable alignment with a certain tilt angle can be obtained, it is
not industrially efficient. Moreover, as another method, there
is a method of providing an organic coated film on a substrate
surface, and scrubbing the surface with a cloth of cotton,
nylon, polyester or the like in a certain direction, that is, to
perform rubbing, for aligning the liquid crystal molecules in
the rubbing direction. Since stable alignment can be obtained
according to the method relatively simply, this method is
often adopted industrially. As the organic coated film, resins
of polyvinyl alcohol, polyoxy ethylene, polyamide, polyim-
ide or the like can be presented. From the viewpoint of the
excellent chemical stability, thermal stability and other fac-
tors, polyimide is used most commonly. Moreover, there is a
method of applying a liquid crystal material on a drawn
plastic film, and aligning the liquid crystal molecules along
the drawing direction.

[0004] According to the above-mentioned method of rub-
bing the organic coated film on the substrate, an aligned film
of an organic coated film is provided between the substrate
and the liquid crystal layer, so that grave shortcoming of the
display defect, caused by the scratch of the alignment film
surface due to the fluff generated (surface roughness) by
friction against the surface at the time of the rubbing align-
ment treatment or dust generation from the rubbed surface,
occurs. Thus, a problem of the production yield decline is
involved. Moreover, in the case of aligning the liquid crystal
molecules by use of the above-mentioned drawn plastic film,
the base material of the drawn plastic film itself may
adversely affect the optical characteristics which are required
as the physical properties for the purposed optical film.
[0005] According to the above-mentioned alignment meth-
ods which utilize the alignment limiting force obtained by the
alignment treatment applied on the substrate (base material)
by forming an alignment film on the substrate (base material)
or using a base material with the drawing treatment applied as
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the base material, the above-mentioned problems are gener-
ated in any method. On the other hand, the so-called “rubb-
ingless” alignment method of aligning the liquid crystals
without rubbing has been discussed and various methods
have been proposed. For example, the patent document 1
discloses a method of introducing photochromic molecules to
an alignment film surface and aligning the molecules on the
alignment film surface by a light beam. There is also a method
of aligning molecular chains constituting an alignment film
using a Langmuir-Blodgett film (see the non-patent docu-
ment 1) The patent document 2 discloses a method of pressing
an alignment film on a substrate with a preliminarily align-
ment treatment to transfer the alignment. However, in con-
sideration to the industrial productivity, these methods cannot
be a substitute of the rubbing method.

[0006] As a method of aligning a liquid crystal material
without utilizing the limiting force of the alignment obtained
by the alignment treatment applied to the base material, the
patent documents 3 and 4 have been proposed. However, an
optical film produced by these methods involves the problems
of the insufficient transparency, a high Haze, and a low con-
trast when it is viewed from the front side.

[0007] [Patent document 1] Japanese Patent Application

Laid-Open (JP-A) No. 4-2844

[0008] [Patent document 2] JP-A No. 6-43458

[0009] [Patent document 3] JP-A No. 2003-29037

[0010] [Patent document 4] JP-A No. 2003-185827
[0011] [Non patent document 1] S. Kobayashi et al., Jpn, J.

Appl. Phys. 27, 475 (1988)

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0012] Therefore, in order to solve the above-mentioned
problems, an object of the present invention is to provide: an
ink composition capable of forming a liquid crystal layer even
on a base material with no alignment treatment applied,
capable of obtaining a high contrast display when it is viewed
from the front side, having a low Haze, capable of satisfying
the physical properties required for the optical characteristics
of an optical film, having a high production yield, and effi-
cient and stable in terms of the industrial productivity; and an
optical film, a polarizing film and a liquid crystal display
produced using the ink composition.

Means for Solving the Problems

[0013] The invention recited in claim 1 is a liquid crystal
layer forming ink composition characterized by containing a
liquid crystalline molecular material, an organic solvent for
dissolving or dispersing the molecular material, and an alco-
hols solvent. The invention recited in claim 2 is characterized
in that the liquid crystalline molecular material recited in
claim 1 is a nematic liquid crystalline molecular material and
further contains a chiral agent. Further, the invention recited
in claim 3 is characterized in that the liquid crystalline
molecular material recited in claim 1 has a polymerizable
functional group.

[0014] The invention recited in claim 4 is an optical film
characterized in thata liquid crystal layer is formed by: apply-
ing the liquid crystal layer forming ink composition accord-
ing to any one of claims 1 to 3 on a base material with no
alignment treatment applied, and drying for removing the
organic solvent and the alcohols solvent of the ink composi-
tion so as to align the liquid crystalline molecular material.
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Further, the invention recited in claim 5 is an optical film
characterized in that a liquid crystal layer is formed by: apply-
ing the liquid crystal layer forming ink composition accord-
ing to claim 3 on a base material with no alignment treatment
applied, and drying for removing the organic solvent and the
alcohols solvent of the ink composition so as to align the
liquid crystalline molecular material, followed by immobili-
zation.

[0015] Moreover, the invention recited in claim 6 is an
optical film characterized in that a liquid crystal layer with the
liquid crystalline molecular material aligned is formed by:
applying the liquid crystal layer forming ink composition
according to any one of claims 1 to 3 on a base material with
an alignment treatment applied, and drying for removing the
organic solvent and the alcohols solvent of the ink composi-
tion. The invention recited in claim 7 is an optical film char-
acterized in that a liquid crystal layer is formed by: applying
the liquid crystal layer forming ink composition according to
claim 3 on a base material with an alignment treatment
applied, and drying for removing the organic solvent and the
alcohols solvent of the ink composition so as to align the
liquid crystalline molecular material, followed by immobili-
zation.

[0016] Moreover, the invention recited in claim 8 is a polar-
izing film comprising the optical film according to any one of
claims 4 to 7 attached with a polarizing layer. Lastly, the
invention recited in claim 9 is a liquid crystal display charac-
terized in that the optical film according to any one of claims
4 to 7, or the polarizing film according to claim 8 is arranged
on an optical path.

EFFECT OF THE INVENTION

[0017] A liquid crystal layer forming ink composition of
the present invention is characterized by containing a liquid
crystalline molecular material, an organic solvent for dissolv-
ing or dispersing the molecular material, and an alcohols
solvent. By applying the ink composition on a base material,
and drying for removing the organic solvent and the alcohols
solvent of the ink composition, the liquid crystalline molecu-
lar material is aligned so that an optical film on which a liquid
crystal layer is formed can be obtained. When the liquid
crystal layer forming ink composition is applied onto a base
material such as a cellulose based resin, since the liquid
crystalline molecular material of the ink composition is dis-
solved or dispersed by the organic solvent, and also since the
alcohols solvent is contained, the liquid crystalline molecular
material is in a state horizontally aligned to the base material,
an optical film with a high transparency, that is, a low Haze,
and a high contrast display when viewed form the front side
can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG.1isacross-sectional view showing an example
of an optical film of the present invention.

[0019] FIG. 2 is a cross-sectional view showing another
example of the optical film of the present invention.

[0020] FIGS. 3A and 3B are each a schematic diagram for
explaining a positive A plate and a negative C plate.

[0021] FIG. 4 is a schematic exploded perspective view
showing an example of a liquid crystal display comprising the
optical film of the present invention.

EXPLANATION OF REFERENCES

1 optical film
2 base material

[0022]
[0023]
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[0024] 3 liquid crystal layer
[0025] 4 intermediate layer
[0026] 10 optical film
[0027] 20 liquid crystal display
[0028] 102A polarizing plate on the incident side
[0029] 102B polarizing plate on the outgoing side
[0030] 104 liquid crystal cell 104
BEST MODE FOR CARRYING OUT THE
INVENTION
[0031] The present invention covers a liquid crystal layer

forming ink composition, and an optical film, a polarizing
film and a liquid crystal display produced using the ink com-
position. Hereafter, each of them will be explained in detail.

A. Liquid Crystal Layer Forming Ink Composition

[0032] Theliquid crystal layer forming ink composition of
the present invention comprises a liquid crystalline molecular
material, an organic solvent for dissolving or dispersing the
molecular material, and an alcohols solvent. As the liquid
crystalline molecular material, a nematic liquid crystalline
molecular material, a cholesteric liquid crystalline molecular
material and a discotic liquid crystalline molecular material
can be used, and among them, those having a polymerizable
functional group in the molecule can be used preferably. In
particular, those having a three-dimensionally cross-linkable
polymerizable functional group are preferable.

[0033] This is because those having a polymerizable func-
tional group can polymerize (cross-link) the liquid crystalline
molecular material in a plastic film by the function of the
radical generated from the photo polymerization initiating
agent through light irradiation, the electron beam or the like
after being supplied into the plastic film, so that a trouble of
such as bleeding out of the liquid crystalline molecular mate-
rial over time can be prevented so as to enable the stable use.
The “three-dimensional cross-linking” denotes three-dimen-
sional polymerization of the liquid crystalline molecules with
each other so as to be in a state of a mesh (network) structure.
[0034] Although the above-mentioned polymerizable
functional group is not particularly limited, a polymerizable
functional group to be polymerized by the function of a radi-
cal generated from the photo polymerization initiating agent
through the ultraviolet ray irradiation can be used. Specifi-
cally, a functional group having at least one ethylenically
unsaturated double bond capable of addition polymerization
can be presented. Further specifically, a vinyl group, an acry-
late group or the like, having or not having a substituent can be
presented. As the liquid crystalline molecular material in the
present invention, in particular, a liquid crystalline molecule
which has a rod-like molecular structure and having the poly-
merizable functional group at the end can be used preferably.
For example, by use of a nematic liquid crystalline molecule
having polymerizable functional groups at both ends, a mesh
(network) structure state can be provided by the three-dimen-
sional polymerization to each other so that a liquid crystal
layer immobilized further firmly can be obtained.

[0035] Specifically, a liquid crystalline molecular material
having an acrylate group at the end can preferably be used.
Specific examples of the nematic liquid crystalline molecules
having an acrylate group at the end include the following
chemical formulae III. In the case of the liquid crystalline
monomer represented by the general chemical formula II,
“X” is preferably 2 to 5 (integer).
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[0036] Inthepresentinvention, a chiral nematic liquid crys-
tal having the cholesteric regularity with a chiral agent added
to a nematic liquid crystal can be preferably used. The chiral
agent denotes a low molecular compound having an optically
active portion of'a 1,500 or less molecular weight. The chiral
agent is used mainly for the purpose of inducing a spiral pitch
to the positive uniaxial nematic regularity of the nematic
liquid crystalline molecular compound. As long as the pur-
pose is achieved, and as long as it is compatible with the
nematic liquid crystalline molecular compound in a solution
state or in a molten state, and capable of inducing a desired
spiral pitch thereto without deteriorating the liquid crystalline

CcOO

elele

X
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[Chemical formula 1]

O(CH,)s0,CHC=CH,

[Chemical formula 2]

[Chemical formula 3]
O(CH,),0,CHC=CH,

[Chemical formula 4]
O(CH,)30,CHC=CH,

[Chemical formula 5]
O(CH,)s0,CHC=CH,

[Chemical formula 6]

CH,CH(CH,)C,Hs

[Chemical formula 7]
CH,CH(CH,)C,Hs

[Chemical formula 8]

[Chemical formula 9]

O(CH,);0,CHC=CH,

[Chemical formula 10]

COOOO(CHZ)4OZCHC=CH2
0Co O—OOCO(CHZ)XOZCHC=CHZ

[Chemical formula 1]

properties of the polymerizable liquid crystalline compound
that can have the nematic regularity, the kind of the low
molecular compound as the chiral agent is not particularly
limited. However, it is preferable to respectively having a
polymerizable functional group at both ends of the molecule
in terms of obtaining an optical element having good heat
resistance properties.

[0037] TItis essential that the chiral agent used for inducing
the spiral pitch to the liquid crystals has at least any chirality
in the molecule. Therefore, examples of the chiral agent to be
used in the present invention include a compound having one
or at least two asymmetric carbons, a compound having an
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asymmetric point on a hetero atom such as a chiral amine and
a chiral sulfoxide, and a compound with axial asymmetry
such as cumulen and binaphthol. As the chiral agent, for
example, a chiral agent represented by the general chemical
formulae 12 to 14 can be used. In the case of a chiral agent
represented by the general chemical formulae 12 and 13, “X”
is preferably 2 to 12 (integer), and in the case of a chiral agent
represented by the general chemical formula 14, “X” is pref-
erably 2 to 5 (integer).

R4
0—C—Y—0—(CH,)y,—O0—C—CH,
(Il
0 R*

0—C—Y—0—(CH,)y—0—C—CH,

0}

0—C—Y—0—(CH,)x—CH;

0—C—Y—0—(CH,)y—CH;

H2c=CHcoz(CH2)xocoo—©—coo TI) i)
‘< >—c

e

[0038] As the liquid crystalline molecular material, a dis-
cotic (disk-like) liquid crystalline molecular material can be
used. The discotic liquid crystalline molecular material is a
liquid crystalline compound generally having a structure with
a tabular central skeleton of the molecule and a portion with
the rich bending properties such as an alkyl chain provided
around that. For immobilizing the discotic liquid crystalline
molecules by polymerization, a polymerizable group should
be bonded as a substituent with the disk-like core of the
discotic liquid crystalline molecule. However, if the polymer-
izable group is directly bonded with the disk-like core, the
alignment state can hardly be maintained in the polymeriza-
tion reaction. Thus, a linking group is introduced between the
disk-like core and the polymerizable group.

[0039] The liquid crystal layer forming ink composition of
the present invention comprises an organic solvent for dis-
solving or dispersing the liquid crystalline molecular material
explained above, and an alcohols solvent. As the organic
solvent for dissolving or dispersing the liquid crystalline
molecular material, ketone based solvents such as methyl
ethyl ketone (MEK), methyl isobutyl ketone (MIBK) cyclo-
hexanone (also abbreviated as anone) and methyl cyclohex-
anone can be used preferably because they can particularly-
easily dissolve the liquid crystalline molecular material. The
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organic solvent used in the present invention is generally
those other than the alcohol based ones. However, depending
on the kind of the liquid crystalline molecular material, the
kind of the alcohols solvent and the combination thereof, in
the case the liquid crystalline molecules can be dissolved or
dispersed with an alcohols solvent to the extent sufficiently
practical, the alcohols solvent may serve also as the organic
solvent for dissolving or dispersing the liquid crystalline mol-
ecules. Examples of the alcohols solvent contained in the

[Chemical formula 2]

[Chemical formula 13]

[Chemical formula 14]

o)
\
e ﬁ 00C 00CO(CH,),CO,CH=CH,
0

liquid crystal layer forming ink composition include N-pro-
pyl alcohol, i-propyl alcohol, n-butyl alcohol, i-butyl alcohol,
ethyl alcohol, and 4-hydroxy-4 methyl-2-pentanone 1-bu-
tanol. The solvent in the liquid crystal layer forming ink
composition in the present invention is a mixture of the
organic solvent for dissolving or dispersing the above-men-
tioned liquid crystalline molecular material and the alcohols
solvent. The composition of the organic solvent and the alco-
hols solvent is: 5 to 50 parts and preferably 10 to 30 parts of
the alcohols solvent with respect to 100 parts of the organic
solvent. If the ratio of the alcohols solvent is low, the function
of laying the coated liquid crystalline molecules on the base
material is insufficient, the transparency is lowered and the
Haze is made higher. On the other hand, if the ratio of the
alcohols solvent is too high, the solubility of the liquid crys-
talline molecular material in the ink composition comes to
insufficient, so that troubles are generated in terms of the
coating suitability and the optical characteristics.

[0040] Although the alcohols solvent is not for dissolving
the liquid crystalline molecular material, the alcohols solvent
is considered to have the function of facilitating the liquid
crystalline molecular material to be in a horizontally aligned
state instead of an upright state on the base material at the time
of being applied on the base material. That is, the alcohols
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solvent is considered to have a function similar to a lubricat-
ing agent in the liquid crystal layer forming ink composition,
or a function of improving leveling of the film coated on the
base material. An optical film provided with a liquid crystal
layer on a base material with such a liquid crystalline molecu-
lar material in a horizontally aligned state on a base material
has a high transparency without clouding, that is, a low Haze
and contrast display is high when viewed from the front side.

[0041] The liquid crystal layer forming ink composition of
the present invention comprises a liquid crystalline molecular
material, an organic solvent for dissolving or dispersing the
molecular material and an alcohols solvent. In the case the
liquid crystalline molecular material is of'a photo setting type,
itis preferable to further add a photo polymerization initiating
agent. Examples of an additive include the above-mentioned
chiral agent; a silicon based leveling agent such as polydim-
ethyl siloxane, methyl phenyl siloxane, and organic modified
siloxane; a straight chain-like polymerized product such as
polyalkyl acrylate and polyalkyl vinyl ether; a fluorine based
leveling agent such as a fluorine based surfactant and tet-
rafluoro ethylene; and a hydrocarbon based surfactant.
Although not particularly limited thereto, the concentration
of the liquid crystalline molecular material in the all solvent
including the organic solvent and the alcohols solvent in the
above-mentioned liquid crystal layer forming ink composi-
tion of the present invention is preferably in a range of 5% by
mass to 40% by mass, and particularly in a range of 15% by
mass to 30% by mass.

B. Optical Film Produced Using the Liquid Crystal Layer
Forming Ink Composition

[0042] The optical film of the present invention is obtained
by applying the liquid crystal layer forming ink composition
explained above on the base material, and drying for remov-
ing the organic solvent and the alcohols solvent of the ink
composition so as to align the liquid crystalline molecular
material for forming the liquid crystal layer on the base mate-
rial. FIG. 1 is a cross-sectional view showing an example of
anoptical film ofthe present invention. The example shown in
FIG. 1 is an optical film 1 having a liquid crystal layer 3,
which contains a liquid crystalline molecular material,
formed on one side surface of a base material 2. FIG. 2 is a
cross-sectional view showing another example of the optical
film of the present invention. The example is an optical film 1
having a liquid crystal layer 3, which contains a liquid crys-
talline molecular material, formed on one side surface of a
base material 2 via an intermediate layer 4. The intermediate
layer is provided for improving the adhesiveness between the
base material and the liquid crystal layer.

[0043] The base material as the constituent element of the
optical film is used with the liquid crystal layer forming ink
composition applied and dried on the base material for
removing the organic solvent and the alcohols solvent of the
ink composition so as to have the liquid crystal layer formed
in a state with the liquid crystalline molecular material
aligned. The base material is not particularly limited as long
as a trouble is not generated on the base material surface state
or the endurance by the process of heating or the like at the
time of aligning the liquid crystalline molecular material.
Examples of the base material include a film made of a trans-
parent polymer film, for example, a polycarbonate based
polymer, an acrylic based polymer such as polymethyl meth-
acrylate, a polyester based polymer such as polyethylene
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terephthalate and polyethylene naphthalate, and a cellulose
based polymer such as diacetyl cellulose and triacetyl cellu-
lose.

[0044] Furthermore, examples of the base material include
a film of a transparent polymer, for example, an olefin based
polymer such as polyethylene, polypropylene, polyolefin
having a cyclic or norbornene structure, and an ethylene-
propylene copolymer; a styrene based polymer such as poly-
styrene and an acrylonitrile-styrene copolymer; a vinyl chlo-
ride based polymer; and an amide based polymer such as
aromatic polyamide. As to the transparent base material, the
average light transmittance of a visible light (380 nm to 780
nm) is 50% or more, preferably 70% or more, more preferably
85% or more. For the light transmittance measurement, the
value measured in the atmosphere at room temperature with
an ultraviolet and visible spectrophotometer (for example,
UV-3100PC produced by Shimadzu Corporation) is used.
Among the base materials presented above, because the vari-
ous kinds of excellent optical characteristics, triacetyl cellu-
lose, polycarbonate, norbornene polyolefin, or the like can be
used particularly preferably.

[0045] A film produced by drawing the resin such as the
above-mentioned polycarbonate, which functions as a “posi-
tive A plate” may also be used. Here, as shown in FIG. 3A,
with the z axis taken in the normal direction of the layer
surface “S”; the x axis and y axis taken in the orthogonal
directions in the layer surface “S”; and the refractive indices
in the x axis direction, y axis direction and z axis direction
provided as nx, ny, nz, respectively, a retardation layer with
the relationship of: nx>ny=nz is the retardation layer having
optically-positive uniaxial properties in the layer surface “S”,
which is referred to as a “positive A plate”. Accordingly, a
drawn polymer film or a film without a drawing treatment
may also be used according to the demand of the optical
characteristics to be used. As to the film thickness of the base
material of the optical film, in general, onein arange of 10 pm
to 200 um can be used, and in particular, one in a range of 20
um to 100 um can be used preferably.

[0046] To the base material constituting the optical film, an
alignment film may be formed by the depositing treatment of
an inorganic material or by providing an organic coated film
and applying the rubbing treatment to the surface, or an
alignment treatment such as a drawing treatment of the base
material or the like may be applied. In the present invention,
a liquid crystal layer can be formed particularly preferably to
a base material with no alignment treatment applied. Since
the above-mentioned various kinds of alignment treatment
are not efficient in terms of the industrial productivity so as to
involve many problems such as the low product yield, it is
preferable to form a liquid crystal layer by applying a liquid
crystal layer forming ink composition of the present invention
on a base material with no alignment treatment applied.
[0047] An intermediate layer 4 may be provided between
the base material and the liquid crystal layer for improving the
adhesion properties therebetween. The intermediate layer
may be provided with a resin to be cured by the cross-linking
reaction, or the like through an active ray irradiation such as
an ultraviolet ray and an electron beam, that is, an active ray
curable resin, or a thermosetting resin. One to be used par-
ticularly preferably is an active ray curable resin. Specifically,
a compound including an ethylenically unsaturated group can
be presented. Preferable examples thereof include polyacry-
lates of a polyol such as ethylene glycol diacrylate, trimethy-
lol propanetriacrylate, ditrimethylol propane tetraacrylate,
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pentaerythritol triacrylate, pentaerythritol tetraacrylate,
dipentaerythritol pentaacrylate, and dipentaerythritol
hexaacrylate; epoxy acrylates such as a diacrylate of bisphe-
nol A diglycidyl ether, and a diacrylate of hexane diol digly-
cidyl ether; and a urethane acrylate obtained by the reaction of
polyisocyanate and a hydroxyl group containing acrylate
such as hydroxyl ethyl acrylate. These compounds may be
used alone or in combination.

[0048] The intermediate layer can be formed by preparing
a coating solution by dissolving or dispersing the curable
resins explained above in an organic solvent, applying the
same with a conventionally known coating method such as a
bar coating, a blade coating, a spin coating, a die coating, a slit
reverse, a roll coating, a dip coating, an ink jet method and a
micro gravure method, and drying by the active ray irradia-
tion or hot air. The film thickness of the intermediate layer is
about 0.1 g/m? to 5 g/m? in a state after drying. Since the
rubbing treatment of rubbing the surface with a cloth of
cotton, nylon, polyester or the like in a certain direction is not
carried out for the intermediate layer, fluff or dusts are not
generated by the surface friction.

[0049] By applying a liquid crystal layer forming ink com-
position of the present invention on the base material
explained above or via the intermediate layer for forming the
liquid crystal layer, the optical film can be obtained. The
coating method of the liquid crystal layer is not particularly
limited as long as it is a method capable of evenly applying the
liquid crystal layer forming ink composition explained above
on the base material. For example, a bar coating, a blade
coating, a spin coating, a die coating, a slit reverse, a roll
coating, a dip coating, an ink jet method and a micro gravure
method can be cited. Among them, the blade coating, the die
coating, the slit reverse and the roll coating is preferable in the
present invention since they can form an even coated film. As
to the liquid crystal layer forming ink composition, a solvent
mixture of the organic solvent for dissolving or dispersing the
liquid crystalline molecular material and the alcohols solvent
is used as mentioned above. For the efficient production by
shortening the drying time in the drying operation after the
application, a solvent having a relatively low boiling point
such as toluene and ethyl acetate is added to the above-
mentioned solvent mixture.

[0050] As mentioned above, the film thickness of the liquid
crystal layer to be applied differs depending on the retardation
level of the optical film to be obtained (retardation value). The
thickness is preferably, in a state after drying, in a range 0f 0.8
g/m? to 6 g/m?, particularly preferably in a range of 1.6 g/m*
to 5 g/m*. As mentioned above, for removing the organic
solvent and the alcohols solvent of the ink composition, the
drying operation is carried out after the application of the
liquid crystal layer forming ink composition. As to the drying
conditions, in general, the drying operation is carried out at
room temperature to 120° C., preferably in a range of 70° C.
to 100° C., for about 30 seconds to 10 minutes, preferably for
about 1 minute to 5 minutes. By the drying operation, the
organic solvent and the alcohols solvent of the ink composi-
tion are removed, and moreover, the liquid crystalline
molecular material is aligned in the horizontal direction of the
coated surface of the base material. Moreover, in the case
where the ink composition is produced by adding a chiral
agent to a nematic liquid crystal, the liquid crystalline mol-
ecules are spirally aligned in which the molecules are aligned
horizontally to the flat surface of the base material.
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[0051] In the above-mentioned aligning operation, a heat
treatment for aligning the liquid crystalline molecular mate-
rial may be added independently of the drying conditions
after the application of the liquid crystal layer forming ink
composition.

[0052] TItis preferable to immobilize the liquid crystal layer
after the application of the liquid crystal layer forming ink
composition on the base material and drying for removing the
organic solvent and the alcohols solvent of the ink composi-
tion so as to align the liquid crystalline molecular material. In
the case where the liquid crystalline molecular material to be
used has a polymerizable functional group, the immobiliza-
tion is carried out for polymerizing the liquid crystalline
molecular material to be a polymer. According to the immo-
bilization, elution of the liquid crystalline molecular material
from the liquid crystal layer after provided on a plastic film
can be prevented so that the stability of the optical film to be
obtained can be improved. As to the immobilization, various
methods can be used depending on the liquid crystalline
molecular material to be used. For example, in the case the
liquid crystalline molecular material is a cross-linkable com-
pound, the immobilization is carried out by including a photo
polymerization initiating agent and directing an ultraviolet
ray or an electron beam. Alternatively, in the case it is a
thermosetting compound, the immobilization is carried out
by heating.

[0053] As mentioned above, in the case the liquid crystal
layer formed on the base material is aligned using for example
a liquid crystalline molecular material with the molecular
structure containing a chiral agent, it functions so as to be
used as a “negative C plate” when aligned. Here, as shown in
FIG. 3B, a retardation layer having the relationship of:
nx=ny>nz is the retardation layer having optically-negative
uniaxial properties in the normal direction of the layer surface
“S”, which is referred to as a “negative C plate”. The liquid
crystal layer formed on the base material has the liquid crys-
talline molecular material of the liquid crystal layer forming
ink composition dissolved or dispersed with the organic sol-
vent, and the liquid crystal layer contains the alcohols solvent.
For this reason, the liquid crystalline molecular material is in
a state aligned horizontally on the base material so that a high
transparency and a low Haze can be enabled. The obtained
optical film has the average light transmittance of a visible
light (380 nm to 780 nm) of 50% or more, preferably 70% or
more, and more preferably 85% or more. Furthermore, the
Haze is measured based on the method defined in the JIS K
7361, and the Haze value is 0.17 or less.

C. Polarizing Film

[0054] By directly attaching a polarizing layer onto the
optical film explained above with a polyvinyl alcohol (PVA)
based adhesive or the like, a polarizing film can be optimized
and utilized. In general, the polarizing film is used in a state
with a protection film attached on both side surfaces of the
polarizing layer. According to the present invention, one of
the protection films can be the above-mentioned optical film.
Therefore, for example, in the case where an optical compen-
sator is needed additionally, it is advantageous in that an
additional optical compensator needs not be provided by use
of the polarizing film of the present invention.

[0055] The above-mentioned optical film can be utilized as
an optical functional film in a state directly attached to an
optical functional layer such as a reflection preventing layer,
aultraviolet ray absorbing layer and an infrared ray absorbing
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layer. For example, the function of the optical film of the
present invention such as the optical compensation, and
another function such as the reflection prevention can be
provided by one film, therefore, it is advantageous in that
films having each function need not be provided indepen-
dently.

D. Liquid Crystal Display

[0056] A display with any of the above-mentioned optical
film, the polarizing film and the optical functional film
according to the present invention arranged on the optical
path can be obtained. Since the optical film according to the
present invention having an appropriate retardation without a
problem of peel-off or the like is arranged, a highly reliable
display having the excellent display quality can be obtained.
Moreover, since the polarizing film according to the present
invention is arranged, a display having the excellent display
quality can be obtained without the need of additionally pro-
viding an optical compensator.

[0057] FIG. 4 is a perspective view showing an example of
a liquid crystal display as a display of the present invention.
As shown in FIG. 4, the liquid crystal display 20 of the present
invention comprises an incident side polarizing plate 102A,
an outgoing side polarizing plate 102B, and a liquid crystal
cell 104. The polarizing plates 102A and 102B are provided
so as to selectively transmitting only a linear polarization
having an oscillation surface in a predetermined oscillation
direction, arranged in the cross Nicols state with the oscilla-
tion directions perpendicular to each other. The liquid crystal
cell 104 including a large number of cells corresponding to
the pixels is arranged between the polarizing plates 102A and
102B.

[0058] Here, in the liquid crystal display 20, the liquid
crystal cell 104 employs the VA (vertical alignment) system
with a nematic liquid crystal having the negative dielectric
anisotropy. At the time of transmitting the portion of a cell in
a non-driven state out of the liquid crystal cell 104, a linear
polarization transmitted the incident side polarizing plate
102A transmits without the phase shift so as to be blocked by
the outgoing side polarizing plate 102B. On the other hand, at
the time of transmitting the portion of a cell in a driven state
out of the liquid crystal cell 104, the linear polarization has the
phase shift, so that a light beam of an amount according to the
phase shift amount transmits the outgoing side polarizing
plate 102B so as to be to go out. Thereby, the driving voltage
of the liquid crystal cell 104 can be controlled optionally per
each cell, so that a desired image can be displayed on the
outgoing side polarizing plate 102B side.

[0059] According to the liquid crystal display 20 having
such a configuration, the above-mentioned optical film 10 of
the present invention is arranged on the optical path between
the liquid crystal cell 104 and the outgoing side polarizing
plate 102B (the polarizing plate for selectively transmitting a
light beam in a predetermined polarizing state gone out from
the liquid crystal cell 104). Therefore, the polarizing state of
a light beam to go out in a direction inclined with respect to
the normal of the liquid crystal cell 104 out of the light beam
in a predetermined polarizing state gone out from the liquid
crystal cell 104 can be compensated.

[0060] As mentioned above, according to the liquid crystal
display 20 of the above-mentioned configuration, the highly
reliable optical film 10 according to the present invention
mentioned above is arranged between the liquid crystal cell
104 and the outgoing side polarizing plate 102B of the liquid
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crystal display 20 so that the polarizing state of the light beam
to go out in a direction inclined with respect to the normal of
the liquid crystal cell 104 out of the light beam outgoing from
the liquid crystal cell 104. Consequently, the problem of the
viewing angle dependency in the liquid crystal display 20 can
be improved effectively so that the excellent display quality
and the high reliability can be enabled.

[0061] Although the liquid crystal display 20 shown in FIG.
4 is of the transmission type of transmitting a light beam from
one side to the other side in the thickness direction, embodi-
ments of the display according to the present invention is not
limited thereto, and the above-mentioned optical film 10
according to the present invention can be assembled in a
reflection type liquid crystal display and used in the same
manner. Furthermore, the optical film 10 can be assembled
and used in the same manner on the optical path of the display
other than the above-mentioned, such as an organic EL dis-
play.

[0062] Although the above-mentioned optical film 10
according to the present invention is arranged between the
liquid crystal cell 104 and the outgoing side polarizing plate
102B in the liquid crystal display 20 shown in FIG. 4, the
optical film 10 may be arranged between the liquid crystal cell
104 and the incident side polarizing plate 102A depending on
the aspect of the optical compensation. Moreover, the optical
film 10 may be arranged on both sides of the liquid crystal cell
104 (between the liquid crystal cell 104 and the incident side
polarizing plate 102 A, and between the liquid crystal cell 104
and the outgoing side polarizing plate 102B). The number of
the optical film to be arranged between the liquid crystal cell
104 and the incident side polarizing plate 102A, or between
the liquid crystal cell 104 and the outgoing side polarizing
plate 102B is not limited to one, and the optical film may be
arranged in plurality. Furthermore, another optical functional
film may be arranged on the optical path.

EXAMPLES

[0063] Hereafter, the present invention will be explained
specifically with reference to the examples.

Example 1

[0064] A nematic liquid crystal having acrylate as a poly-
merization group on both ends of the molecules, and a chiral
agent having acrylate as a polymerization group on both ends
of the molecules were dissolved in a solvent mixture of:
cyclohexanone:toluene:isopropyl alcohol=2:3:3 by 20% by
mass based on % by mass. Then, a photo polymerization
initiating agent IRUGACURE 907 produced by Nihon Ciba-
Geigy K.K.) was prepared to be 1% by mss with respect to the
total mass of the nematic liquid crystal and the chiral agent, a
liquid crystal solution, that is, a liquid crystal layer forming
ink composition was produced.

[0065] The ink composition was applied on the base mate-
rial of an 80 um thickness triacetyl cellulose (TAC) film with
saponification treatment applied by the bar coat method.
[0066] After drying the same for 2 minutes in an 80° C.
oven, a 100 mJ/cm? ultraviolet ray was directed under nitro-
gen atmosphere for curing the ink composition to form a
liquid crystal layer, and an optical (compensation) film was
produced. Then, the Haze of the optical film produced as
mentioned above was measured, commercially available
polarizing plates (HCL2-5618HCS, produced by SANRITZ
CORPORATION) were attached on both sides of the optical
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film in a cross Nicols state and placed on a back light for the
liquid crystal, and the degree of clouding on the front side was
observed and evaluated visually in a dark room. The Haze was
measured based on the method defined in the JIS K 7361.
[0067] The criteria of evaluating the degree of clouding
were as follows.

O: No clouding observed, with high transparency and good.
x: Clouding observed, with low transparency and poor.

Example 2

[0068] An optical film was produced in the same manner as
in Example 1 except that the % by mass ratio of the solvent
mixture was changed to: cyclohexanone:toluene:isopropyl
alcohol=3.5:3.5:1. Moreover, in the same manner as in
Example 1, the Haze of the obtained optical film was mea-
sured, commercially available polarizing plates were
attached on both sides of the optical film in a cross Nicols
state and placed on a back light for the liquid crystal, and the
degree of clouding on the front side was observed and evalu-
ated visually in a dark room.

Example 3

[0069] A nematic liquid crystal having acrylate as a poly-
merization group on both ends of the molecules, and a chiral
agent having acrylate as a polymerization group on both ends
of the molecules were dissolved in a solvent mixture of:
cyclohexanone:toluene:isopropyl alcohol 2:3:3 by 20% by
mass based on % by mass. Then, a photo polymerization
initiating agent (IRUGACURE 907 produced by Nihon Ciba-
Geigy K.K.) was prepared to be 1% by mss with respect to the
total mass of the nematic liquid crystal and the chiral agent, a
liquid crystal solution, that is, a liquid crystal layer forming
ink composition was produced.

[0070] Dipentaerythritol hexaacrylate was applied on the
base material of an 80 um thickness triacetyl cellulose (TAC)
film by the bar coat method. After drying the same for 2
minutes in a 100° C. oven, a 100 mJ/cm? ultraviolet ray was
directed under nitrogen atmosphere for curing the ink com-
position to form an intermediate layer of a 0.12 pm thickness.
On the intermediate layer of the obtained TAC film with the
intermediate layer, the above-mentioned liquid crystal layer
forming ink composition was applied by the bar coat method.
After drying the same for 2 minutes in an 80° C. oven, a 100
mJ/cm? ultraviolet ray was directed under nitrogen atmo-
sphere for curing the ink composition to form a liquid crystal
layer, and an optical (compensation) film was produced. Then
in the same manner as in Example 1, the Haze of the obtained
optical film was measured, commercially available polarizing
plates were attached on both sides of the optical film in a cross
Nicols state and placed on a back light for the liquid crystal,
and the degree of clouding on the front side was observed and
evaluated visually in a dark room.

Example 4

[0071] A liquid crystal layer was formed on an intermedi-
ated layer of a TAC film and an optical film was produced in
the same manner as in Example 3 except that the % by mass
ratio of the solvent mixture was changed to: cyclohexanone:
toluene:isopropyl alcohol=3.5:3.5:1. Moreover, in the same
manner as in Example 1, the Haze of the obtained optical film
was measured, commercially available polarizing plates were
attached on both sides of the optical film in a cross Nicols
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state and placed on a back light for the liquid crystal, and the
degree of clouding on the front side was observed and evalu-
ated visually in a dark room.

Comparative Example 1

[0072] Anoptical film was produced in the same manner as
in Example 1 except that a solvent mixture was made only by
cyclohexanone and toluene, and the % by mass ratio of the
solvent mixture was changed to: cyclohexanone:toluene:=1:
1. Moreover, in the same manner as in Example 1, the Haze of
the obtained optical film was measured, commercially avail-
able polarizing plates were attached on both sides of the
optical film in a cross Nicols state and placed on aback light
for the liquid crystal, and the degree of clouding on the front
side was observed and evaluated visually in a dark room.

Comparative Example 2

[0073] A liquid crystal layer was formed on an intermedi-
ated layer of a TAC film and an optical film was produced in
the same manner as in Example 3 except that a solvent mix-
ture was made only by cyclohexanone and toluene, and the %
by mass ratio of the solvent mixture was changed to: cyclo-
hexanone:toluene=1:1. Moreover, in the same manner as in
Example 1, the Haze of the obtained optical film was mea-
sured, commercially available polarizing plates were
attached on both sides of the optical film in a cross Nicols
state and placed on a back light for the liquid crystal, and the
degree of clouding on the front side was observed and evalu-
ated visually in a dark room.

[0074] The measurement results of the Haze and evaluation
results of clouding observed visually in the above-mentioned
examples and comparative examples are shown in the follow-
ing table 1.

TABLE 1
Visually-observed
Haze clouding
Example 1 0.15 O
Example 2 0.14 O
Example 3 0.16 O
Example 4 0.15 @)
Comparative Example 1 0.20 X
Comparative Example 1 0.21 X

[0075] In the all optical films obtained in Examples 1 to 4
the Haze was 0.16 or less and transparency was high. As to the
clouding observed visually, clouding was not observed in any
of the optical films, and the optical films were with a high
transparency and good. On the other hand, in Comparative
Examples 1 and 2, the optical films were with the Haze 0f 0.20
or more and had a low transparency. Moreover, as to the
clouding observed visually, clouding was observed, and the
transparency was lowered and thus the optical films were
poor.

1-9. (canceled)

10. A liquid crystal layer forming ink composition,
wherein a liquid crystalline molecular material, an organic
solvent for dissolving or dispersing the molecular material,
and an alcohols solvent are contained.

11. The liquid crystal layer forming ink composition
according to claim 10, wherein the liquid crystalline molecu-
lar material is a nematic liquid crystalline molecular material
and further contains a chiral agent.
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12. The liquid crystal layer forming ink composition
according to claim 10, wherein the liquid crystalline molecu-
lar material has a polymerizable functional group.

13. An optical film, wherein a liquid crystal layer is formed
by: applying the liquid crystal layer forming ink composition
according to claim 10 on a base material with no alignment
treatment applied, and drying for removing the organic sol-
vent and the alcohols solvent of the ink composition so as to
align the liquid crystalline molecular material.

14. An optical film, wherein a liquid crystal layer is formed
by: applying the liquid crystal layer forming ink composition
according to claim 11 on a base material with no alignment
treatment applied, and drying for removing the organic sol-
vent and the alcohols solvent of the ink composition so as to
align the liquid crystalline molecular material.

15. An optical film, wherein a liquid crystal layer is formed
by: applying the liquid crystal layer forming ink composition
according to claim 12 on a base material with no alignment
treatment applied, and drying for removing the organic sol-
vent and the alcohols solvent of the ink composition so as to
align the liquid crystalline molecular material.

16. An optical film, wherein a liquid crystal layer is formed
by: applying the liquid crystal layer forming ink composition
according to claim 12 on a base material with no alignment
treatment applied, and drying for removing the organic sol-
vent and the alcohols solvent of the ink composition so as to
align the liquid crystalline molecular material, followed by
immobilization.

17. An optical film, wherein a liquid crystal layer with the
liquid crystalline molecular material aligned is formed by:
applying the liquid crystal layer forming ink composition
according to claim 10 on a base material with an alignment
treatment applied, and drying for removing the organic sol-
vent and the alcohols solvent of the ink composition.

18. An optical film, wherein a liquid crystal layer with the
liquid crystalline molecular material aligned is formed by:
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applying the liquid crystal layer forming ink composition
according to claim 11 on a base material with an alignment
treatment applied, and drying for removing the organic sol-
vent and the alcohols solvent of the ink composition.

19. An optical film, wherein a liquid crystal layer with the
liquid crystalline molecular material aligned is formed by:
applying the liquid crystal layer forming ink composition
according to claim 12 on a base material with an alignment
treatment applied, and drying for removing the organic sol-
vent and the alcohols solvent of the ink composition.

20. An optical film, wherein a liquid crystal layer is formed
by: applying the liquid crystal layer forming ink composition
according to claim 12 on a base material with an alignment
treatment applied, and drying for removing the organic sol-
vent and the alcohols solvent of the ink composition so as to
align the liquid crystalline molecular material, followed by
immobilization.

21. A polarizing film comprising the optical film according
to claim 13 attached with a polarizing layer.

22. A polarizing film comprising the optical film according
to claim 14 attached with a polarizing layer.

23. A polarizing film comprising the optical film according
to claim 15 attached with a polarizing layer.

24. A liquid crystal display, wherein the optical film
according to claim 13 is arranged on an optical path.

25. A liquid crystal display, wherein the optical film
according to claim 14 is arranged on an optical path.

26. A liquid crystal display, wherein the optical film
according to claim 15 is arranged on an optical path.

27. A liquid crystal display, wherein the polarizing film
according to claim 21 is arranged on an optical path.

28. A liquid crystal display, wherein the polarizing film
according to claim 22 is arranged on an optical path.

29. A liquid crystal display, wherein the polarizing film
according to claim 23 is arranged on an optical path.
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