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(57) ABSTRACT

Provided is an optical film laminate with a thinner thickness
having an optical compensation function. According to the
present invention is provided an optical film laminate com-
prising (i) a positive C plate comprising a liquid crystal mate-
rial having a photosensitive group and (ii) a positive A plate,
an optically biaxial plate, or an O plate, these plate compris-
ing a liquid crystal material having a photosensitive group;
wherein the both plates are directly bonded with each other to
be firmly laminated without adhesive.
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OPTICAL FILM LAMINATE, METHOD FOR
PRODUCING THE SAME, AND LIQUID
CRYSTAL DISPLAY PANEL USING THE

SAME

CROSS REFERENCE TO THE RELATED
APPLICATIONS

[0001] This application is based on and claims Convention
priority to Japanese patent applications No. 2011-129107 and
No. 2011-186395, filed Jun. 9, 2011 and Aug. 29, 2011,
respectively, the entire disclosures of which are herein incor-
porated by reference as a part of this application.

FIELD OF THE INVENTION

[0002] This invention relates to an optical film laminate
used for a liquid crystal display, a method for producing the
same, and a liquid crystal display panel using the same, and in
particular, relates to an optical film laminate having an optical
compensation function to improve viewing angle character-
istics of the liquid crystal display, a method for producing the
same, and a liquid crystal display panel using the same.

BACKGROUND ART

[0003] Liquid crystal displays are required for having a
wider viewing angle as well as a higher contrast ratio. Liquid
crystal displays (LCDs) of IPS (In-plane Switching: IPS)
mode are mentioned as such a liquid crystal display. How-
ever, in such a liquid crystal display, when watching is carried
out from an oblique angle through two polarizing plates con-
figured on the front and rear surfaces of the liquid crystal
display, respectively, and crossing at right angle to each other,
the apparent absorption axes of two polarizing plates shift
from the right angle. Such an apparent absorption axis shift
leads to a trouble that optical leakage is caused at the time of
black display so as to reduce the contrast of the display.
[0004] In order to cope with such a trouble, Patent Docu-
ment 1 proposes a method based on simulation results, the
method to improve viewing angle of IPS-LCD in a viewing
direction by mounting a first compensation layer (positive C
plate) having a positive uniaxially optical anisotropy, the
optical axis extending in the perpendicular direction (the z
direction) to a substrate surface, and a second compensation
layer (positive A plate) having positive uniaxially optical
anisotropy, the optical axis extending in the direction parallel
to the substrate surface.

[0005] Patent Document 2 proposes a configuration com-
prising a stretched film, a layer (positive A plate) comprising
aliquid crystal material and having an in-plane uniaxial prop-
erty, and a homeotropic layer (positive C plate) comprising a
liquid crystal material.

[0006] Furthermore, Patent Document 3 proposes a con-
figuration comprising a positive A plate comprising a solidi-
fied or cured layer of a liquid crystal composition having a
homogeneous alignment, and a positive C plate comprising a
solidified or cured layer of a liquid crystal composition hav-
ing a homeotropic alignment.

[0007] On the other hand, in IPS-LCD, from the viewpoint
of being advantageous to the improvement of response speed,
an attempt to give a pre-tilt angle to a liquid crystal material
has been made. Non-patent document 1 has proposed by
using a simulation that deterioration in viewing angle char-
acteristics caused by the generated pre-tilt angle is improved
by mounting being a first optical compensation layer, being a
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positive C plate, and a second optical compensation layer
having a positive uniaxial optical anisotropy, and being tilt-
aligned.

[0008] As suchacombination of a positive C plate and a tilt
alignment layer, it is possible, as is proposed in conventional
technique, to use a liquid crystal film which is perpendicu-
larly aligned by UV cure as a positive C plate, and a liquid
crystal film, as a tilt alignment layer, being subjected to tilt
alignment or bend alignment by the means of an electric field,
a magnetic field, or an oriented film, followed by fixation of
the alignment. Patent Document 4 discloses, as means to
laminate a positive C plate and a tilt alignment layer to mount
on an IPS-LCD panel, a method of filling an adhesive or glue
in the gap between two optical elements so as to form a layer.
[0009] [Patent Document 1] JP Laid-open Patent Publica-
tion No. 11-133408

[0010] [Patent Document 2] JP Laid-open Patent Publica-
tion No. 2009-122715

[0011] [Patent Document 3] JP Patent No. 4592005
[0012] Patent Document 4] JP Laid-open Patent Publica-
tion No. 2005-70097

[0013] [Non Patent Document 1] Journal of Display Tech-
nology, Vol. 2, No. 3 (published in September 2006).

DISCLOSURE OF THE INVENTION
The Problems to be Solved by the Invention

[0014] Patent Document 1 neither mentions concrete film
configuration nor shows Examples. Moreover, although
Patent Document 2 describes in Example an embodiment to
use a stretched PC (polycarbonate) or COP (cycloolefinic
polymer) film as a positive A plate and a liquid crystal film
being perpendicularly-aligned by UV cure as a positive C
plate, there is no mention about means to laminate them and
fix. Although Patent Document 3 proposes to use a solidified
or cured layer of a liquid crystal composition to make a liquid
crystal display thinner, this document describes a method of
filling an adhesive or glue in form of a layer in the gap
between each of the optical elements (a polarizing plate, a
positive A plate, a positive C plate, and liquid crystal cell) to
laminate. According to the above methods, however, although
it may be possible to make the thickness of the positive A plate
and the positive C plate thinner, an adhesive or glue layer
cannot be omitted in order to adhere or glue them. Accord-
ingly, the problem that the total thickness is increased by the
thickness of the adhesive or glue layer is still remained, result-
ing in failing to achieve completely thinner display.

[0015] As is proposed in the above-mentioned non-Patent
Document 1, the combination of a positive C plate and a tilt
alignment layer (O plate) needs to use an adhesive or glue in
order to laminate the positive C plate and the tilt alignment
layer as disclosed in Patent Document 4. In such a case, total
thickness of the laminate is increased due to the thickness of
the adhesive or glue layer and causes trouble that personal
digital assistant devices which are especially required to be
thin inevitably become thick because of the adhesive or glue
layer when such an LCD panel is mounted.

[0016] Accordingly, in view of the problems of such con-
ventional technology, an object of the present invention is to
provide an even thinner optical compensation film layer com-
prising (i) a positive C plate and (ii) a positive A plate, an
optically biaxial plate, or an O plate.

[0017] Another object of the present invention is to provide
a method of producing a thinner optical compensation film.
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[0018] Further object of the present invention is to provide
a liquid crystal display panel using the thinner optical com-
pensation film.

Means of Solving the Problems

[0019] As a result of intensive studies conducted by the
inventor of the present invention in an attempt to solve the
problem of the conventional technology, it has been found
that a positive C plate is directly bonded and laminated to a
positive A plate, an optically biaxial plate, or an O plate
without adhesive nor glue (hereafter, in the present specifica-
tion, adhesives and glues may be simply named as adhesive as
a generic name), and thus he finally completed the invention.
[0020] That is, the first embodiment of the present inven-
tion provides an optical film laminate comprising (i) a posi-
tive C plate comprising a liquid crystal material having a
photosensitive group and (ii) a positive A plate, an optically
biaxial plate, or an O plate each of which is formed from a
liquid crystal material having a photosensitive group,
wherein the positive C plate is directly bonded and laminated
to the positive A plate, the optically biaxial plate, or the O
plate without adhesive.

[0021] The positive C plate may comprise preferably a
homeotropic alignment layer.

[0022] The positive A plate may be preferably a positive
uniaxial birefringent layer aligned in the in-plane direction of
the film. The optically biaxial plate may be preferably a
biaxial birefringent layer in which the largest axis of the index
ellipsoid in the layer is in the in-plane direction of the film.
[0023] The O plate may be a uniaxial or biaxial birefringent
layer (excluding the layer in which the largest axis of the
index ellipsoid is neither in the in-plane direction of the film
nor in the normal direction of the film).

[0024] The second embodiment of the present invention
provides a liquid crystal display panel comprising a polariz-
ing plate and the above-mentioned optical film laminate.
[0025] Intheabove-mentioned liquid crystal display panel,
when (i) a polarizing plate, (ii) a positive C plate, (iii) a
positive A plate, an optically biaxial plate, or O plate, and (iv)
a liquid crystal cell are mounted in this order, it is desirable
that the in-plane slow axis of the positive A plate, the optically
biaxial plate, or the O plate is parallel to the absorption axis of
the polarizing plate; when (i) a polarizing plate, (ii) a positive
A plate, an optically biaxial plate, or O plate, (iii) a positive C
plate, and (iv) a liquid crystal cell are mounted in this order, it
is desirable that the in-plane slow axis of the positive A plate,
the optically biaxial plate, or O the plate lies at right angle
(perpendicular) to the absorption axis of the polarizing plate.
[0026] The third embodiment of the present invention pro-
vides a method for producing an optical film laminate com-
prising:

[0027] providing a positive C plate (layer A) comprising a
homeotropic alignment layer of a liquid crystal material (ma-
terial A) having a photosensitive group, the layer not being
subjected to fixation of alignment;

[0028] forming on the positive C plate a positive A plate, an
optically biaxial plate, or an O plate (layer B) of a liquid
crystal material (material B) having a photosensitive group, to
obtain a laminate of the layer A and the layer B,

[0029] irradiating an un-polarized UV light to the laminate
soas to fix the alignment in the layer A and the layer B, as well
as directly laminate and bond both layers without adhesive.
[0030] The layer A is preferably formed by applying a
solution dissolving the material A in a solvent on a support
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film to form an coated layer, followed by drying (desolvation)
and heating the coated layer. Moreover, the above-mentioned
layer B is preferably formed by applying a solution dissolving
the material B in a solvent on the layer A to form a coated
layer, followed by drying, and subsequently irradiating a
linear polarized UV light.

[0031] Preferably the photosensitive groups of both mate-
rials A and B are a photosensitive group which reacts with
each other when exposed to light, and more preferably the
photosensitive groups of both material A and material B are
the same photosensitive group.

Effect of the Invention

[0032] According to the first embodiment of the present
invention, since the optical film laminate is obtained by lami-
nating the positive C plate with the positive A plate, the
optically biaxial plate, or the O plate to be directly bonded
without adhesives, the optical film laminate can be used as a
thinner optical compensation film. Because of the contact
adhesion of the positive C plate with the positive A plate, the
optically biaxial plate, or the O plate, without separating from
each other, an optical compensation film can achieve high
durability.

[0033] According to the second embodiment of the present
invention, in the liquid crystal display panel comprising a
polarizing plate and the above-mentioned optical film lami-
nate, since the in-plane slow axis of the above-mentioned A
plate, the optically biaxial plate, or the O plate is perpendicu-
lar or parallel to the absorption axis of the polarizing plate,
transmitted light does not experience the phase difference
when the liquid crystal display panel is viewed from front.
The optical leakage can be decreased when viewed at an
oblique angle through two polarizing plates crossing at right
angle to each other.

[0034] According to the third embodiment of the present
invention, since a positive A plate, an optically biaxial plate,
or an O plate is bonded to a positive C plate without adhesive
s0 as to provide an optical film laminate in which both layers
is hardly separated from each other, a liquid crystal display
with reduced thickness can be obtained. In such an embodi-
ment, since lamination of a positive C plate to a positive A
plate, an optically biaxial plate, or an O plate can be per-
formed in a series of processes without adhesive, there is no
contamination of foreign matter which is easy to adhere to an
adhesive-applied surface. As a result, an efficient production
line with a low product defect rate can be established.
[0035] According to the present invention, when both the
photosensitive groups of materials A and B are a photosensi-
tive group which reacts with each other when exposed to
light, preferably when the photosensitive groups of both
material A and material B are the same photosensitive group;
the photosensitive groups of materials A and B tend to be
bonded by the photo-reaction in the interface between the
layer A and the layer B constituting both plates, so as to
achieve a still firmer adherence configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] In the accompanying drawings, like reference
numerals are used to denote like parts throughout a plurality
of drawings.

[0037] FIG. 1 is a schematic view showing an example of
the optical film laminate (a positive C plate and a positive A
plate or an optically biaxial plate) of the present invention.
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[0038] FIG.2isaschematic view showing another example
of'the optical film laminate (a positive C plate and an O plate)
of the present invention.

[0039] FIG.3A is aschematic view showing an example of
a configuration of a polarizing plate and an optical film lami-
nate in the liquid crystal panel of the present invention.
[0040] FIG. 3B is a schematic view showing another
example of a configuration of a polarizing plate and an optical
film laminate in the liquid crystal panel of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0041] (Basic Configuration of Optical Film Laminate)
[0042] The optical film laminate of the present invention
comprises a laminate of (i) a positive C plate, and (ii) a
positive A plate, an optically biaxial plate, or an O plate.
[0043] In the present specification, the term “positive C
plate” means a positive uniaxial retardation optical element
which satisfies a refractive index distribution of nz>nx=ny,
wherein the principal indices of refraction in the plane of the
plate are defined as nx (the direction of slow axis) and ny (the
direction of fast axis), respectively, and the principal index of
refraction in the thickness direction of the plate is defined as
nz. Such a positive C plate comprises a homeotropic align-
ment layer formed from a liquid crystal material having a
photosensitive group.

[0044] In the present specification, the term “positive A
plate” means a positive uniaxial retardation optical element
which satisfies a refractive index distribution of nx>ny=nz.
Such a positive A plate is formed from a liquid crystal mate-
rial having a photosensitive group, and usually comprises a
homogeneous alignment layer.

[0045] In the present specification, the term “optically
biaxial plate” means a biaxial retardation optical element
which satisfies a refractive index distribution of nx=ny=nz,
including nx>nz>ny, nx>ny>nz, etc.

[0046] In the present specification, the term “O plate”
means a plate having an inclined optical axis both in the
in-plane direction and in Z-axis direction (the thickness direc-
tion perpendicular to the in-plane direction). Such an O plate
is formed from a liquid crystal material having a photosensi-
tive group, and usually comprises a tilt alignment layer in
which the optical axis of the liquid crystal is tilt-aligned.
[0047] Inthe present invention, the above-mentioned posi-
tive C plate is laminated to the positive A plate, the optically
biaxial plate, or the O plate to be directly bonded without
adhesive, so that the layers of the laminate are not separated
from each other. By forming a positive C plate as well as a
positive A plate, an optically biaxial plate, or an O plate in the
specific method disclosed below, an optical film laminate
which does not cause layer separation can be obtained even
without adhesive.

[0048] FIG.1isasectional view showing an example of the
optical film laminate of the present invention. In the optical
film laminate 1 of the present invention, a positive A or
optically biaxial plate 2 is laminated to a positive C plate 3
without adhesive, to be directly bonded in the interface 4.
[0049] FIG. 2 is a figure showing another example of the
optical film laminate of the present invention. In the optical
film laminate 5 of the present invention, a positive C plate
(homeotropic alignment layer) 7 is laminated to an O plate
(tilt alignment layer) 6 without adhesive, to be directly
bonded in the interface 8.
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[0050] (Positive C Plate)

[0051] In the present invention, the positive C plate com-
prises a homeotropic alignment layer formed from a liquid
crystal material having a photosensitive group. Here, the term
“homeotropic alignment” means a state in which liquid crys-
tal materials in the plate are uniformly aligned in parallel to
the normal line of the plate, i.e., the state where the liquid
crystal materials in the plate are aligned in the direction of
perpendicular to the plate surface. The liquid crystal material
capable of homeotropic alignment may be a liquid crystal
polymer, or a liquid crystal monomer.

[0052] (Positive A Plate)

[0053] In the present invention, the positive A plate com-
prise a homogeneous alignment layer formed from a liquid
crystal material having a photosensitive group. Here, the
homogeneous alignment is defined as the state that liquid
crystal materials are aligned in the same direction (optical
uniaxial property) and in parallel to the film plane. The liquid
crystal material capable of homogeneous alignment may be a
liquid crystal polymer, or a liquid crystal monomer.

[0054] (Optically Biaxial Plate)

[0055] In the present invention, the optically biaxial plate
comprises a layer formed from a liquid crystal material hav-
ing a photosensitive group, in which the liquid crystal mate-
rial is biaxially aligned in the in-plane direction of the film.
The liquid crystal material capable of biaxial alignment may
be a liquid crystal polymer, or a liquid crystal monomer.
[0056] (Optical Alignment Layer)

[0057] Since the above-mentioned positive A plate (optical
uniaxiality) and the optically biaxial plate are an optical
alignment layer in which a mesogenic group is aligned in a
surface to show an optically-anisotropic property, they may
be called as an optical alignment layer in the following
description.

[0058] (O Plate)

[0059] Inthe present invention, the term “O plate” means a
tilt alignment layer formed from a liquid crystal material
having a photosensitive group, in which the liquid crystal
material is aligned in the inclined direction (the degree of tilt
angle is larger than 0 degree and smaller than 90 degrees) to
the film plane.

[0060] The O plate may be a uniaxial or biaxial birefringent
layer (however, the largest axis of the index ellipsoid is nei-
ther in the in-plane direction of the film nor in the normal
direction of the film). The liquid crystal material capable of
obtaining tilt alignment may be a liquid crystal polymer, or a
liquid crystal monomer.

[0061] (Liquid Crystal Material Having a Photosensitive
Group)
[0062] Inthe presentinvention, examples ofaliquid crystal

material having a photosensitive group used in the present
invention in order to form a positive C plate (homeotropic
alignment layer), a positive A plate (homogeneous alignment
layer), an optically biaxial plate, and an O plate may be a
photosensitive side chain liquid crystal polymer having a side
chain including the structure in which (i) any of cinnamoyl
group, chalcone group, cinnamylidene group, biphenylacry-
loyl group, furylacryloyl group, naphthylacryloyl group or
the derivatives thereof is bonded to (ii) a substituent fre-
quently used as a mesogenic component of liquid-crystal
polymer, such as biphenyl, terphenyl, phenyl benzoate, and
azobenzene, either through or not through a spacer. It should
be noted that a polymer exhibiting liquid crystal property
without mesogenic groups is also preferably used in the
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present invention. Such a polymer does not comprise a
mesogenic group at the side chain in the polymer structure,
but comprises a photosensitive side chain having a carboxyl
group at the side chain terminal so as to form a rigid structure
by dimerization involving the hydrogen bonding between the
carboxyl groups at the side chain terminals. As a main chain
constituting the above-mentioned photosensitive side chain
liquid crystal polymer, there may be mentioned a hydrocar-
bon, an acrylate, a methacrylate, a siloxane, a maleimide, an
N-phenylmaleimide, etc. bonding to the side chain through
the spacer. These polymer may be any of a homopolymer
comprising the same repeating unit, a copolymer comprising
a plurality of repeating units, each having a side chain differ-
ent in chemical structure from each other, or a copolymer
comprising a unit having a side chain comprising a photosen-
sitive group and a unit having a side chain without a photo-
sensitive group wherein the latter unit may be contained to a
degree that the copolymer holds liquid crystallinity. It should
be noted that in the present invention the term “photosensitive
group” means a functional group bonding to another mol-
ecule by light irradiation. Moreover, in the present invention
the term “liquid crystal material” means that a material which
shows liquid crystallinity when a physical external stimulus
(heating, cooling, electric field, magnetic field, application of
shearing, etc.) is given to the material alone, or exhibits liquid
crystallinity when the material is mixed with a solvent or a
non-liquid-crystal component.

[0063] Furthermore, in order to raise a heat-resisting prop-
erty, the polymer may be a polymer to which a reactive group
is introduced, followed by being crosslinked with a crosslink-
ing agent such as an isocyanate material and an epoxy mate-
rial to a degree that the polymer remains liquid crystallinity,
or may comprise a crosslinked polymer polymerized by add-
ing a bifunctional low molecular compound as the below-
mentioned low molecular compound.

[0064] (Formation of Homeotropic Alignment Layer, Opti-
cal Alignment Layer, and Tilt Alignment Layer)

[0065] Inthe present invention, the homeotropic alignment
layer can be produced by forming a film from a solution
dissolving the above-mentioned liquid crystal material (liq-
uid crystal polymer), preferably the liquid crystal material
(liquid crystal polymer) shown in the below-mentioned
chemical formulae C1 to C3, in a solvent, followed by remov-
ing the solvent and heating the desolvated film.

[0066] In the present invention the optical alignment layer
can be produced by forming a film from a solution dissolving
a composition comprising the above-mentioned liquid crystal
material (liquid crystal polymer) and if necessary a low
molecular compound described below in a solvent, followed
by removing the solvent, irradiating a linear polarized UV
light from the direction perpendicular to the film, and heating
the irradiated film.

[0067] Inthe present invention, the tilt alignment layer can
be produced by forming a film from a solution dissolving a
composition comprising the above-mentioned liquid crystal
material (liquid crystal polymer) and if necessary a low
molecular compound described below in a solvent, followed
by removing the solvent, irradiating a linear polarized UV
light, and heating the irradiated film.

[0068] The homeotropic alignment layer, the optical align-
ment layer, and the tilt alignment layer formed by the above
method can be subjected to further non-polarized UV irradia-
tion to fix alignment in each layer.
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[0069] (Formation of Laminate)

[0070] The optical film laminate of the present invention
can be produced by forming a homeotropic alignment layer
by the above-mentioned method, then forming an optical
alignment layer or a tilt alignment layer directly on the
homeotropic alignment layer by the above-mentioned
method; or forming an optical alignment layer or a tilt align-
ment layer, then forming a homeotropic alignment layer
directly on the optical alignment layer or the tilt alignment
layer. Accordingly, the optical film laminate comprising a
homeotropic alignment layer and a layer selected from the
group consisting of an optical alignment layer, a tilt alignment
layer can be produced without adhesive. Hereinafter, in this
specification, the method forming a homeotropic alignment
layer, then forming an optical alignment layer or a tilt align-
ment layer is explained more precisely.

[0071] (Polymer Forming Homeotropic Alignment Layer)
[0072] Preferable examples of the polymer used for form-
ing a homeotropic alignment layer in the present invention
include a polymer polymerized from a monomer having a
side chain shown in the following chemical formulae C1, C2,
or C3.

(€1

@

—(—CHZ-)K—04©7XA©70—(-CHZ-)W—WI
[€2]
@
—(—CHZ-)ﬂ—04<©>—Y4<©>—W2

[0073] In the above formulae C1 and C2, each of n and m
independently denotes an integer of 1 to 12, each of X andY
independently  denotes none, —COO, —OCO—,
—N—N—, —C—C— or—C H,—; W, denotes cinnamoyl
group, chalcone group, cinnamylidene group, biphenylacry-
loyl group, furylacryloyl group, naphthylacryloyl group, the
derivatives thereof, —H, —OH, or —CN; W, denotes cin-
namoyl group, chalcone group, cinnamylidene group, biphe-
nylacryloyl group, furylacryloyl group, naphthylacryloyl
group, the derivatives thereof, —H, —OH, or —CN.

[0074] Among the above described side chains, the mono-
mer in which W, and W, have the side chain of —H, —OH,
or —CN does not show photosensitivity. However, when
using this material, the liquid crystal polymer having a pho-
tosensitive group used in the present invention can be
obtained by copolymerizing the above monomer with a
monomer having a photosensitive group in the side chain. In
the copolymerization, higher the proportion of the monomer
represented by the above formula not showing photosensitiv-
ity is, easier obtaining a homeotropically-aligned polymer is.
The proportion of the copolymerizable monomer can be suit-
ably determined depending on the balance between homeo-
tropic alignment and liquid crystallinity. In this case, as the
liquid crystal monomer having a photosensitive group in the
side chain, the preferable one includes a monomer having the
same or similar chemical structure with the liquid crystal
monomer used to form the below-mentioned optical align-
ment or tilt alignment layer from the viewpoint to increase
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adherence in the interface between the homeotropic align-
ment layer and an optical alignment or tilt alignment layer.

(C3]
(©)
R
=|= ?
—(—07S—Q—fCH=CH-],—C—OH
[0075] In the formula C3, s denotes O or 1, t denotes an

integer of 1 to 3, and R denotes H, an alkyl group, an alkyloxy
group, or a halogen.

[0076] The liquid crystal polymer layer can be formed on a
support by coating a coating solution dissolving a liquid
crystal polymer formed from a monomer unit having a side
chain represented by the above-formula C1 to C3, and if
necessary a low molecular compound and other component
(e.g., polymerization catalyst etc.) in an appropriate solvent,
followed by removing the solvent.

[0077] As a solvent, there may be mentioned dioxane,
dichloroethane, cyclohexanone, toluene, tetrahydrofuran,
o-dichlorobenzene, methyl ethyl ketone, methyl isobutyl
ketone and the like. These solvents are used singly or in
combination of two or more. After applying the coating liquid
on the support, the solvent is removed to make the coating
layer dried. In this drying process, the layer formed begins to
show a homeotropic alignment. The homeotropic alignment
is enhanced by heating after the drying process. The drying
process may be performed at an ordinary temperature or
under heating to a temperature below the isotropic-phase
transition temperature of the material. In addition, depending
on the material, the homeotropic alignment may be shown on
the surface of the support film.

[0078] The support film can be suitably chosen from vari-
ous polymer films to be used. Examples of the support film
may include a polyethylene-terephthalate film; a cellulose-
based film such as a diacetyl cellulose, and a triacetyl cellu-
lose film; a polycarbonate film such as a bisphenol A/carbonic
acid copolymer; a linear or branched polyolefin film such as
a polyethylene, a polypropylene, and an ethylene/propylene
copolymer; a polyamide film, an polyimide film, a polysul-
fone film, and others.

[0079] The solution dissolving a liquid crystal polymer
containing a polymer unit having a side chain represented by
the chemical formulas 1 to 3 in the above-mentioned solvent
is coated on the support by a coating method, such as spin
coating, roller coating, screen printing, knife coating and
spray coating, so that the coated film has a predetermined

[C4]
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thickness. After coating, the coated film is dried to remove the
solvent, and then heated at a temperature of 80 to 130° C.,
preferably 100 to 120° C. After cooling the film a homeotro-
picalignment layer can be formed. When a polarized UV light
is irradiated to the homeotropic alignment layer formed as
mentioned above, the homeotropic alignment is not affected
by the UV light, resulting in maintaining the homeotropic
alignment of the layer. Although the homeotropic alignment
layer formed as mentioned above can fix the homeotropic
alignment by irradiation of the non-polarized UV light, the
irradiation should be performed after laminating an optical
alignment layer or a tilt alignment layer as described below.

[0080] (Formation of Optical Alignment Layer and Tilt
Alignment Layer)

[0081] Onthehomeotropic alignment layer formed as men-
tioned above, is coated a liquid crystal polymer solution dis-
solving in a solvent a liquid crystal polymer containing a unit
having a side chain represented by the above-mentioned for-
mulas C1 to C3, preferably the same liquid crystal polymer
with the polymer constituting the homeotropic alignment
layer. After coating, the coated film is dried to remove the
solvent without heating, and then irradiated by a linear polar-
ized UV light. The irradiated film is heated to form an optical
alignment layer or a tilt alignment layer, followed by irradi-
ated by an un-polarized UV light so as to fix this alignment.

[0082] Moreover, an optical alignment layer or a tilt align-
ment layer of a liquid crystal polymer different from the
liquid crystal polymer containing a unit having a side chain
represented by the above-mentioned formulas C1 to C3 can
be formed by the above-mentioned method on the homeotro-
pic alignment layer formed as mentioned above. Such liquid
crystal polymers capable of forming an optical alignment
layer or a tilt alignment layer may include liquid crystal
polymers disclosed by the present applicant in JP Laid-open
Patent Publications No. 11-189665, No. 2002-202409, No.
2004-170595, No. 2005-232345, etc. In particular, the pref-
erable liquid crystal polymers include liquid crystal polymers
having a similarity in chemical structure to the liquid crystal
polymer constituting a homeotropic alignment layer because
of good adhesion in the interface between both layers. For
example, when cinnamoyl group is used as a photosensitive
group of both the liquid crystal polymer constituting the
homeotropic alignment layer and the liquid crystal polymer
constituting the optical alignment or tilt alignment layer, each
of'the double bonds in the opposing cinnamoyl groups is open
to form a cyclobutane linkage (as shown in formula C4
below). Accordingly, it is considered that the firm bonding
can be formed in the interface between both layers due to the
same dimerization reaction therein.

@)
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-continued

[0083] (Low Molecular Material)

[0084] In the present invention in order to enhance the
alignment in the optical alignment layer or the tilt alignment
layer, the optical alignment layer or the tilt alignment layer
according to the present invention is preferably formed by
using a liquid crystal polymer having the above-mentioned
photosensitive group in combination with a low molecular
material to be mixed, followed by irradiating the mixture with
alinear polarized UV light. As such a low molecular material,
preferable one may include a compound exhibiting liquid
crystal property, the compound having a substituent group
such as biphenyl, terphenyl, phenyl benzoate and azoben-
zene, known as a mesogenic component, and a functional
group such as allyl, acrylate, methacrylate, and cinnamic
group (or the derivative thereof) bonded to the substituent
group through the above bending component. These low
molecular materials can be used singly or in combination
with two or more. The proportion of the low molecular mate-
rial to be added relative to the liquid crystal polymer is pref-
erably 5 to 50% by weight, and more preferably 10 to 30% by
weight. When such a low molecular material is added, pho-
tosensitizers such as a benzoin derivative (e.g., benzoin
methyl ether, benzoin isopropyl ether, and a,o-dimethoxy-
a-phenylacetophenone); a benzophenone derivative (e.g.,
benzophenone, 2,4-dichlorobenzophenone, methyl o-ben-
7oyl benzoate, 4,4'-bis(dimethylamino)benzophenone, and
4.4'-bis(diethylamino)benzophenone in order to promote the
polymerization of the low molecular material.

[0085] (Linear Polarized UV Light Irradiation)

[0086] A solution dissolving a liquid crystal polymer hav-
ing a photosensitive group, or a mixture of the above polymer
and a low molecular material in a solvent, such as dioxane,
dichloroethane, cyclohexanone, toluene, tetrahydrofuran,
o-dichlorobenzene, methyl ethyl ketone, and methyl isobutyl
ketone is coated on a homeotropic alignment layer and dried
to form a film. The drying process may be performed at an
ordinary temperature, or, depending on the material, under
heating at a temperature of 60° C. or lower. The film formed
under too high temperature may become cloudy.

[0087] Subsequently, a linear polarized UV light is irradi-
ated on the formed film. As an ultraviolet source to be used,
there may be mentioned mercury excitation light sources
such as a low pressure mercury vapor lamp, a medium pres-
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Light

sure mercury vapor lamp, or a high pressure mercury vapor
lamp; or xenon light sources. The linearly polarized light can
be acquired by transmitting the light from the light source
through a polarizing filter and/or a polarizing prism. In the
present invention when ultraviolet is irradiated from the slant-
ing angle, the UV light source is set perpendicularly to the
horizontal surface of the film. Then the film to be irradiated is
inclined within the range of 0°<X<85° more preferably
within the range of 5°<X<60°, relative to the direction of
horizontal surface. According to such inclined irradiation, a
tilt alignment layer having an inclined optical axis of prefer-
ably 0°<Y<45°, more preferably 2°<Y<40° can be obtained.
The degree of tilt alignment is selected according to the light
compensation of the film to be desired.

[0088] According to this irradiation, the optical axis of the
liquid crystal polymer is uniaxially or biaxially aligned, or
tilt-aligned. In order to proceed this optical reaction, it is
necessary to use the light for irradiation having a wavelength
by which the photosensitive group of the polymer can react.
The wavelength, being selected depending on the side chain
ofthe polymer, is generally 200 to 500 nm, and preferably 250
to 400 nm in many cases in view of high effectiveness of the
light. Even if the linear polarized UV light is irradiated, the
alignment of the homeotropic alignment layer is not substan-
tially affected.

[0089] (Heating After Linearly Polarized UV Light Irradia-
tion)
[0090] After polarized UV light irradiation to the film, the

film is heated to make un-reacted side chains of the polymer
and low molecular materials re-aligned in the same direction
as the photo-reacted side chains of the polymer by an action of
molecule movement in the film. As the result, in the whole
film, the optical axis of the side chain of the polymer and the
low molecular materials is aligned perpendicularly both to the
electric-field oscillating direction of the irradiated linearly
polarized light and to the irradiated light direction, resulting
in induction of the birefringence so as to obtain an optical
alignment layer or a tilt alignment layer. Heating after polar-
ized UV light irradiation promotes this re-alignment. The
heating temperature may be preferably not higher than a
phase transition temperature of the material constituting the
homeotropic layer.
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[0091] Ifthe film heated after irradiation as described above
or the film irradiated under heating to be aligned is cooled
until a temperature of not higher than the softening point of
the polymer, the polymer molecules are frozen to give an
optical alignment layer or a tilt alignment layer. The film may
be preferably cooled with leaving the film as it is. If the film
is too rapidly cooled, the re-alignment of the film may be
deteriorated.

[0092] (Un-Polarized UV Light Irradiation)

[0093] Subsequently, an un-polarized UV light is irradiated
to the optical alignment layer or the tilt alignment layer. When
the un-polarized UV light is irradiated to the layer, the liquid
crystal polymer molecules still having an un-reacted photo-
sensitive group in the layer will react to fix the alignment of
the layer, resulting in forming the stable optical alignment or
tilt alignment layer as well as fixing the alignment of the
homeotropic alignment layer. Moreover, it is thought that the
photosensitive groups of liquid crystal polymers constituting
each of the layers photo-react with each other in the interface
between the homeotropic alignment layer and the optical
alignment or tilt alignment layer so as to achieve high adhe-
sion between both layers. It should be noted that although
un-polarized ultraviolet radiation is usually irradiated with-
out heating, the irradiation may be performed under heating
when a phase difference value needs to be adjusted (lowered).
[0094] Although the optical alignment layer can be formed
as mentioned above, depending on selection of the side chain
and main chain of the liquid crystal polymer to be used,
formulation of a low-molecular compound, selection of a
solvent, drying conditions, ultraviolet irradiation conditions,
etc., the obtained optical alignment layer may show not only
an optical biaxiality but an optical uniaxiality (i.e., homoge-
neous alignment).

[0095] The optical film laminate of the present invention
can be formed by forming an optical alignment layer or a tilt
alignment layer, without adhesive, directly on a homeotropic
alignment layer as mentioned above. The optical film lami-
nate formed on the support is separable from a support film by
transferring the laminate on a polarizing plate or a liquid
crystal cell which constitutes a liquid crystal panel by using a
pressure-sensitive adhesive.

[0096] (Thickness of Homeotropic Alignment Layer, Opti-
cal Alignment Layer, and Tilt Alignment Layer)

[0097] Each of the thicknesses of a homeotropic alignment
layer, an optical alignment layer, and a tilt alignment layer
may be preferably within the range between 0.3 and 3 pm and
more preferably within the range between 0.5 and 2.5 pm.
[0098] According to the present invention, since the optical
film laminate comprising a homeotropic alignment layer and
an optical alignment or tilt alignment layer is capable of
having such a small thickness of 0.6 to 6 um, the thinner
display can be attained compared to a conventional liquid
crystal display comprising an conventional optical compen-
sation film (at the thinnest, the film has a thickness of 15 um).
[0099] From the viewpoint of the peeling resistance of the
optical film laminate concerning the present invention, both
the photosensitive group of the photosensitive liquid crystal
polymer constituting the homeotropic alignment layer and
the photosensitive group of the liquid crystal polymer consti-
tuting the optical alignment or tilt alignment layer may be a
photosensitive group which reacts with each other when
exposed to light. More preferably both the photosensitive
groups of the both layers are the same photosensitive group to
achieve firmer adhesion between layers because adjacent
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photosensitivity groups of the polymers in each of the layers
can make a chemical bonding via UV irradiation in the inter-
face between the homeotropic alignment layer and the optical
alignment or tilt alignment layer. It should be noted that
among the above-mentioned photosensitive groups, photo-
sensitive groups such as cinnamoyl group, chalcone group,
cinnamylidene group can react with each other; also photo-
sensitive groups containing acryloyl groups such as biphenyl
acryloyl group can react with each other.

[0100] (Liquid Crystal Display Panel)

[0101] A liquid crystal display panel comprises the above-
mentioned optical film laminate, a polarizing plate, and a
liquid crystal cell. As the polarizing plate and the liquid
crystal cell, already known devices can be used. As the polar-
izing plate a uniaxially stretched film can be used the film
comprising a polyvinyl alcohol as a main component and
containing iodine or dichroic dye. Moreover, as a liquid crys-
tal cell, there may be mentioned various liquid crystal cells
such as a transmissive type, a reflective type, and a semi-
transmissive type. Examples of the liquid crystal alignment
mode in a liquid crystal cell include TN type, STN type, VA
(vertical alignment) type, MVA (multi-domain vertical align-
ment) type, OCB (optically compensated bend) type, ECB
(electrically controlled birefringence) type, HAN (hybrid-
aligned nematic) type, IPS (inch-plane switching), bistability
nematic (bistable nematic) type, ASM (Axially symmetric
aligned microcell) type, half-tone gray scale type, ferroelec-
tric liquid crystal, and antiferroelectric liquid crystal, and
others.

[0102] (Configuration of Liquid Crystal Panel Composi-
tion Element)
[0103] FIGS. 3A and 3B show examples of a configuration

of a liquid crystal panel of the present invention comprising
an optical film laminate (comprising a positive C plate and a
layer selected from the group consisting of an optical align-
ment layer formed from a positive A or optically biaxial plate
and a tilt alignment layer formed from an O plate) and a
polarizing plate.

[0104] Theoptical film laminate is mounted between one of
the two polarized plates 11, 11 (on the visible side, i.e., not on
the backlight side), and the position 14 of a liquid crystal cell
(not shown). In the embodiment of FIG. 3A, the positive C
plate (homeotropic alignment layer) 12 is mounted on the
visible side of polarizing plate 11. In the embodiment of FIG.
3B, the optical alignment or tilt alignment layer 13 is mounted
on the visible side of the polarizing plate 11. In the embodi-
ment of FIG. 3A, the absorption axis of the visible side of the
polarizing plate 11 is in parallel to the in-plane slow axis of
the optical alignment or tilt alignment layer 13. In the
embodiment of FIG. 3B, the absorption axis of the visible side
of'the polarizing plate 11 is perpendicular to the in-plane slow
axis of the optical alignment or tilt alignment layer 13. It
should be noted that although FIGS. 3A and 3B showed the
examples in which the optical film laminate of the present
invention is mounted on the polarizing plate of the visible
side, the optical film laminate may be mounted not only on the
polarizing plate of the visible side but also on the polarizing
plate of the backlight side.

[0105] (Use of Liquid Crystal Display Panel)

[0106] Theliquid crystal display panel of the present inven-
tion comprising the above-mentioned optical film laminate
and one or more polarizing plates can be used for liquid
crystal displays, such as personal computers, liquid crystal
televisions, cellular phones, and Personal Digital Assistants
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(PDAs). Among them, the liquid crystal panel of the present
invention is suitably used for liquid crystal displays, espe-
cially for liquid crystal displays of IPS mode. When using an
optical alignment layer, it is especially suitable for a liquid
crystal television; when using a tilt alignment layer, it is
especially suitable for a cellular phone etc.

EXAMPLES

[0107] Hereinafter, the present invention will be demon-
strated by way of some examples, which are not to be con-
strued as limiting the scope of the present invention. The
method for synthesizing materials used in Example of the
present invention and Comparative Example is shown below.
In addition, the determination whether the sample obtained
by the Examples and the Comparative Examples is a positive
C plate, a positive A plate, a biaxial plate, or an O plate is
conducted as described below.

[0108] (Monomer 1)

[0109] A mixture of 4,4'-biphenyldiol and 2-chloroethanol
was heated under alkaline conditions to synthesize 4-hy-
droxy-4'-hydroxyethoxybiphenyl. Then, this product was
reacted under alkaline conditions with 1,6-dibromohexane to
synthesize  4-(6-bromohexyloxy)-4'-hydroxyethoxybiphe-
nyl. Thereafter, it was reacted with lithium methacrylate to
synthesize a monomer 1 represented by the formula C5.

(&)

CH;
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[0112] (Monomer 3)

[0113] A mixture of p-coumaric acid and 6-chloro-1-hex-
anol was heated under alkaline conditions to synthesize 4-(6-
hydroxyhexyloxy) cinnamic acid.

[0114] To this product was added large excess of meth-
acrylic acid in the presence of p-toluenesulfonic acid, fol-
lowed by esterification of the mixture to synthesize a mono-
mer 3 represented by the formula C7.

[CT7]
M
P
HZC=C—ﬁ—o—(—CH2—)6—04©—CH=CH—ﬁ—OH
0 0
[0115] (Low Molecular Material 1)
[0116] A mixture of4,4'-biphenyldiol and 6-bromohexanol

was heated under alkaline conditions to synthesize 4,4'-bis(6-
bromohexyloxy)biphenyl. To this product was added meth-
acryloyl chloride to react under basic conditions. Then the
reactant was recrystallized to synthesize a low molecular
material 1 represented by the formula C8.

®

Hzc=é—ﬁ—o—eCHz->6—oo—eCHz-)2—0H
0

[0110] (Monomer 2)

[0111] To the monomer, was added cinnamoyl chloride
under basic conditions to synthesize a monomer 2 repre-
sented by the formula C6.

[Ce]

CH;

I
e On @
(6]

[C8]

CH;

I I
H2C=C—ﬁ—0—(—CHﬁ6—O o—<—CHﬁ-5—o—ﬁ—c=CH2
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[0117] (Polymer 1)

[0118] The monomers 1 and 2 were dissolved in tetrahy-
drofuran in the molar ratio of 3:7. Then, AIBN (azobisisobu-
tyronitrile) was added thereto as a reaction initiator for poly-
merization at 70° C. for 24 hours so as to obtain a
photosensitive polymer 1. The polymer 1 indicated liquid

crystallinity.
[0119] (Polymer 2)
[0120] The monomer 2 was dissolved in tetrahydrofuran.

Then, AIBN (azobisisobutyronitrile) was added thereto as a
reaction initiator for polymerization at 70° C. for 24 hours so
as to obtain a photosensitive polymer 2. The polymer 2 indi-
cated liquid crystallinity.

[0121] (Polymer 3)

[0122] The monomer 3 was dissolved in dioxane. Then,
AIBN (azobisisobutyronitrile) was added thereto as a reac-
tion initiator for polymerization at 70° C. for 24 hours so as to
obtain a photosensitive polymer 3. The polymer 3 indicated
liquid crystallinity.

[0123] (Method for Determining Whether Positive C Plate,
Positive A Plate, Biaxial Plate, or O Plate)

[0124] By using an automatic birefringence analyzer, angle
dependability of a phase difference value was calculated
through the crystal rotation method. According to the angle
dependency, the determination whether the obtained sample
is a positive C plate, a positive A plate, a biaxial plate, oran O
plate was conducted.

Example 1

[0125] The polymer 1 was dissolved in cyclohexanone, and
thereto was added 4,4'-bis(diethylamino)benzophenone
available from Tokyo Chemical Industry Co., Ltd. in the
proportion of 0.02 part by weight relative to 1 part by weight
of the polymer 1 to prepare a solution 1. The solution 1 was
spin-coated at a thickness of about 1.5 pumonto a polyethylene
terephthalate film (PET film). After drying the resultant mate-
rial at a room temperature (about 25° C.), the material was
heated to 100° C. followed by cooled to form a first coated
layer. Next 4.2% by weight of the polymer 2 and 0.8% by
weight of the low molecular material 1 were dissolved in
toluene, and thereto was added 4,4'-bis(diethylamino)ben-
zophenone available from Tokyo Chemical Industry Co., Ltd.
in the proportion of 0.02 part by weight relative to 1 part by
weight of the total amount of the polymer 2 and the low
molecular material 1 to prepare a solution 2. The solution 2
was spin-coated at a thickness of about 1.8 um onto the first
coated layer and dried to form a second coated layer on the
first coated layer. Here, without light irradiation to the first
coated layer as well as without fixing its alignment (photo-
sensitive groups are still un-reacted), the second coated layer
was formed on the first coated layer.

[0126] Subsequently, light from a high pressure mercury
vapor lamp is converted into a linear polarized light by using
Gran-Taylor prism, and then the linear polarized light is irra-
diated to the coat layers for 300 seconds. The irradiated mate-
rial is heated at 100° C., followed by gradually cooled for 30
minutes to the room temperature to induce the alignment.
Thereafter, light from a high pressure mercury vapor lamp is
irradiated without converting into linear polarized light to the
layers for 1,500 seconds in order to fix the alignment.
[0127] Thus obtained coated layers could be transferred
from the PET support to a liquid crystal cell or a polarizing
plate by using a pressure sensitive adhesive. Moreover, the
layers were confirmed to have the optical characteristics of a
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laminate comprising a positive C plate (homeotropic align-
ment layer) and a positive A plate (optical alignment layer).
The optical leakage can be decreased when viewed at an
oblique angle through two polarizing plates crossing at right
angle to each other. Further, in order to confirm the adhesion
of the interface between the first and second coated layers, it
was tried whether the delamination was occurred between
two layers by using Scotch tape. Delamination in the interface
was not observed, but good adhesion between layers was
confirmed.

Example 2

[0128] The polymer 3 was dissolved in 1,4-dioxane to pre-
pare a solution 3. The solution 3 was spin-coated at a thick-
ness of about 1.5 pm onto a polyethylene terephthalate film
(PET film). After drying the resultant material at a room
temperature (about 25° C.), the material was heated to 130° C.
followed by cooled to form a first coated layer. Again the
solution 3 was spin-coated at a thickness of about 2.0 um onto
the first coated layer and dried to form a second coated layer
on the first coated layer. Here, without light irradiation to the
first coated layer and without fixing its alignment (photosen-
sitive groups are still un-reacted), the second coated layer was
formed on the first coated layer.

[0129] Subsequently, light from a high pressure mercury
vapor lamp is converted into a linear polarized light by using
Gran-Taylor prism, and then the linear polarized light is irra-
diated to the coat layers for 300 seconds. The irradiated mate-
rial is heated at 130° C., followed by gradually cooled for 30
minutes to the room temperature to induce the alignment.
Thereafter, light from a high pressure mercury vapor lamp is
irradiated without converting into linear polarized light to the
layers for 900 seconds in order to fix the alignment.

[0130] Thus obtained coated layers could be transferred
from the PET support to a liquid crystal cell or a polarizing
plate by using a pressure sensitive adhesive. Moreover, the
layers were confirmed to have the optical characteristics of a
laminate comprising a positive C plate and a layer having an
in-plane anisotropy. Further, in order to confirm the adhesion
of the interface between the first and second coated layers, it
was tried whether the delamination was occurred between
two layers by using Scotch tape. Delamination in the interface
was not observed, but good adhesion between layers was
confirmed.

Comparative Example 1

[0131] The polymer 1 was dissolved in cyclohexanone, and
thereto was added 4,4'-bis(diethylamino)benzophenone
available from Tokyo Chemical Industry Co., Ltd. in the
proportion of 0.02 part by weight relative to 1 part by weight
of the polymer 1 to prepare a solution 1. The solution 1 was
spin-coated at a thickness of about 1.5 pum onto a polyethylene
terephthalate film (PET film). After drying the resultant mate-
rial at a room temperature (about 25° C.), the material was
heated to 100° C. followed by being cooled for 30 minutes to
give a coated layer. Subsequently, light from a high pressure
mercury vapor lamp is irradiated without converting into
linear polarized light to the layer for 1,500 seconds to fix the
alignment of the layer so as to form a first coated layer
(homeotropic alignment layer). Next 4.2% by weight of the
polymer 2 and 0.8% by weight of the low molecular material
1 were dissolved in toluene, and thereto was added 4,4'-bis
(diethylamino)benzophenone available from Tokyo Chemi-
cal Industry Co., Ltd. in the proportion of 0.02 part by weight
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relative to 1 part by weight of the total amount of the polymer
2 and the low molecular material 1 to prepare a solution 2. The
solution 2 was spin-coated at a thickness of about 1.8 um onto
the first coated layer and dried to form a second coated layer
on the first coated layer.

[0132] Subsequently, light from a high pressure mercury
vapor lamp is converted into a linear polarized light by using
Gran-Taylor prism, and then the linear polarized light is irra-
diated to the coat layers for 300 seconds. The irradiated mate-
rial is heated at 100° C., followed by gradually cooled for 30
minutes to the room temperature to induce the alignment.
Thereafter, light from a high pressure mercury vapor lamp is
irradiated without converting into linear polarized light to the
layers for 1,500 seconds in order to fix the alignment.

[0133] Thus obtained coated layers could be transferred
from the PET support to a liquid crystal cell or a polarizing
plate by using a pressure sensitive adhesive. Moreover, the
layers were confirmed to have the optical characteristics of a
laminate comprising a positive C plate and a positive A plate.
The optical leakage can be decreased when viewed at an
oblique angle through two polarizing plates crossing at right
angle to each other. However, delamination in the interface
was observed when it was tried whether the delamination was
occurred between two layers by using Scotch tape in order to
confirm the adhesion of the interface between the first and
second coated layers. The resultant was impractical because
of the low adhesion in the interface.

Comparative Example 2

[0134] The polymer 3 was dissolved in 1,4-dioxane to pre-
pare a solution 3. The solution 3 was spin-coated at a thick-
ness of about 1.5 pm onto a polyethylene terephthalate film
(PET film). After drying the resultant material at a room
temperature (about 25° C.), the material was heated to 130° C.
followed by cooled for 30 minutes to give a coated layer.
Subsequently, light from a high pressure mercury vapor lamp
is irradiated without converting into linear polarized light to
the layer for 1,500 seconds to form a first coated layer (ho-
meotropic alignment layer). Thereafter, again the solution 3
was spin-coated at a thickness of about 2.0 um onto the first
coated layer and dried to form a second coated layer on the
first coated layer.

[0135] Subsequently, light from a high pressure mercury
vapor lamp is converted into a linear polarized light by using
Gran-Taylor prism, and then the linear polarized light is irra-
diated to the coat layers for 300 seconds. The irradiated mate-
rial is heated at 130° C., followed by gradually cooled for 30
minutes to the room temperature to induce the alignment.
Thereafter, light from a high pressure mercury vapor lamp is
irradiated without converting into linear polarized light to the
layers for 900 seconds in order to fix the alignment.

[0136] Thus obtained coated layers could be transferred
from the PET support to a liquid crystal cell or a polarizing
plate by using a pressure sensitive adhesive. Moreover, the
layers were confirmed to have the optical characteristics of a
laminate comprising a positive C plate and a layer having an
in-plane anisotropy. However, delamination in the interface
was observed when it was tried whether the delamination was
occurred between two layers by using Scotch tape in order to
confirm the adhesion of the interface between the first and
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second coated layers. The resultant was impractical because
of the low adhesion in the interface.

Example 3

[0137] In Example 1, without light irradiation to the first
coated layer as well as without fixing its alignment (photo-
sensitive groups are still un-reacted), a second coated layer is
formed on the first coated layer. Thereafter, the coated layers
were arranged at an inclined angle of 20° to a horizontal plane
and irradiated with linear polarized light converted from light
from a high pressure mercury vapor lamp for 300 seconds in
the perpendicular direction to the horizontal plane (i.e., elec-
tric-field oscillating plane of light intersects perpendicularly
to the tilt axis of the film). The irradiated material is heated at
100° C., followed by being cooled gradually for 30 minutes to
the room temperature to induce the alignment. Further, light
from a high pressure mercury vapor lamp is irradiated without
converting into linear polarized light to the layers for 1,500
seconds in order to fix the alignment.

[0138] Thus obtained coated layers could be transferred
from the PET support to a liquid crystal cell or a polarizing
plate by using a pressure sensitive adhesive. Moreover, the
layers were confirmed to have the optical characteristics of a
laminate comprising a positive C plate (homeotropic align-
ment layer) and a tilt alignment layer (O plate) (tilt-angle;
10°). Further, in order to confirm the adhesion of the interface
between the first and second coated layers, it was tried
whether the delamination was occurred between two layers
by using Scotch tape. Delamination in the interface was not
observed, but good adhesion between layers was confirmed.

Example 4

[0139] The polymer 1 was dissolved in cyclohexanone, and
thereto was added 4,4'-bis(diethylamino)benzophenone
available from Tokyo Chemical Industry Co., Ltd. in the
proportion of 0.02 part by weight relative to 1 part by weight
of the polymer 1 to prepare a solution 1. The solution 1 was
spin-coated at a thickness of about 1.5 um onto a polyethylene
terephthalate film (PET film). After drying the resultant mate-
rial at a room temperature (about 25° C.), the material was
heated to 100° C. followed by being cooled for 30 minutes to
give a coated layer. Subsequently, light from a high pressure
mercury vapor lamp is irradiated without converting into
linear polarized light to the layer for 1,500 seconds to fix the
alignment of the layer so as to form a first coated layer
(homeotropic alignment layer). Next 4.2% by weight of the
polymer 2 and 0.8% by weight of the low molecular material
1 were dissolved in toluene, and thereto was added 4,4'-bis
(diethylamino)benzophenone available from Tokyo Chemi-
cal Industry Co., Ltd. in the proportion of 0.02 part by weight
relative to 1 part by weight of the total amount of the polymer
2 and the low molecular material 1 to prepare asolution 2. The
solution 2 was spin-coated at a thickness of about 1.8 jum onto
the first coated layer and dried to form a second coated layer
on the first coated layer.

[0140] Thereafter, the coated layers were arranged at an
inclined angle of 20° to a horizontal plane and irradiated with
linear polarized light converted from light from a high pres-
sure mercury vapor lamp for 300 seconds in the perpendicular
direction to the horizontal plane (i.e., electric-field oscillating
plane of light intersects perpendicularly to the tilt axis of the
film). The irradiated material is heated at 100° C., followed by
gradually cooled for 30 minutes to the room temperature to
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induce the alignment. Further, light from a high pressure
mercury vapor lamp is irradiated without converting into
linear polarized light to the layers for 1,500 seconds in order
to fix the alignment.

[0141] Thus obtained coated layers could be transferred
from the PET support to a liquid crystal cell or a polarizing
plate by using a pressure sensitive adhesive. Moreover, the
layers were confirmed to have the optical characteristics of a
laminate comprising a positive C plate and an O plate.
[0142] However, when it was tried whether the delamina-
tion was occurred between two layers by using Scotch tape in
order to confirm the adhesion of the interface between the first
and second coated layers, the coated layers were separated
more easily than Example 1, and were not sufficient from the
viewpoint of adhesion.

INDUSTRIAL APPLICABILITY

[0143] Asmentioned above, since an optical film having an
optical compensation function with thinner thickness can be
obtained by using the optical film laminate according to the
present invention, such an optical film can contribute to
achieve a thinner liquid crystal display. The liquid crystal
panel of the present invention can be suitably used for liquid
crystal displays, such as liquid crystal televisions or personal
digital assistants.

[0144] As mentioned above, the preferred embodiments of
the present invention are illustrated, but it is to be understood
that other embodiments may be included, and that various
additions, other changes or deletions may be made, without
departing from the spirit or scope of the present invention.

EXPLANATIONS OF LETTERS OR NUMERALS

[0145] 1: Optical film laminate

[0146] 2: Positive A plate

[0147] 3: Positive C plate

[0148] 4: Interface

[0149] 5: Optical film laminate

[0150] 6: O plate

[0151] 7: Positive C plate

[0152] 8: Interface

[0153] 11: Polarizing plate

[0154] 12: Positive C plate (homeotropic alignment layer)

[0155] 13: Optical alignment layer or tilt alignment layer

[0156] 14: Location on which a liquid crystal cell is
mounted

What is claimed is:
1. An optical film laminate comprising:
a positive C plate comprising a liquid crystal material hav-
ing a photosensitive group; and
a positive A plate, an optically biaxial plate, or an O plate,
each of the plate comprising a liquid crystal material
having a photosensitive group;
wherein the positive C plate is directly bonded and lami-
nated to the positive A plate, the optically biaxial plate,
or the O plate without adhesive.
2. The optical film laminate as claimed in claim 1, wherein
the positive C plate comprises a homeotropic alignment layer.
3. The optical film laminate as claimed in claim 1, wherein
the positive A plate comprises a positive uniaxial birefringent
layer aligned in the in-plane direction of the film.
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4. The optical film laminate as claimed in claim 1, wherein
the optically biaxial plate comprises a biaxial birefringent
layer in which the largest axis of the index ellipsoid in the
layer is in the in-plane direction of the film.

5. The optical film laminate as claimed in claim 1, wherein
the O plate may comprises a uniaxial or biaxial birefringent
layer (excluding the layer in which the largest axis of the
index ellipsoid is neither in the in-plane of the film nor in the
normal direction of the film).

6. A liquid crystal display panel comprising:
a polarizing plate and the optical film laminate recited in
claim 1.

7. The liquid crystal display panel as claimed in claim 6,
wherein when (i) a polarizing plate, (ii) a positive C plate, (iii)
a positive A plate, an optically biaxial plate, or O plate, and
(iv) aliquid crystal cell are mounted in this order, the in-plane
slow axis of the positive A plate, the optically biaxial plate, or
the O plate is parallel to the absorption axis of the polarizing
plate.

8. The liquid crystal display panel as claimed in claim 6,
wherein when (i) a polarizing plate, (ii) a positive A plate, an
optically biaxial plate, or O plate, (iii) a positive C plate, and
(iv) aliquid crystal cell are mounted in this order, the in-plane
slow axis of the positive A plate, the optically biaxial plate, or
the O plate lies at right angle to the absorption axis of the
polarizing plate.

9. A method for producing an optical film laminate com-
prising:

providing a positive C plate (layer A) comprising a homeo-

tropic alignment layer of a liquid crystal material (or
material A) having a photosensitive group, the layer not
being subjected to alignment fixation;

forming on the positive C plate, a positive A plate, an

optically biaxial plate, or an O plate (layer B) of a liquid
crystal material (or material B) having a photosensitive
group, to obtain a laminate ofthe layer A and the layer B,

irradiating an un-polarized UV light to the laminate so as to
fix the alignment of the layer A and the layer B, as well
as directly laminate and bond both layers without adhe-
sive.

10. The method as claimed in claim 9, wherein the layer A
is formed by applying a solution dissolving a material A ina
solvent on a support film to form a coated layer, followed by
drying and heating the coated layer

11. The method as claimed in claim 9, wherein the layer B,
is formed by applying a solution dissolving the material B in
a solvent on the layer A to form a coated layer, followed by
drying, and subsequently irradiating a linear polarized UV
light.

12. The method as claimed in claim 9, wherein the photo-
sensitive groups of both material A and material B are a
photosensitive group reacting with each other when exposed
to light.

13. The method as claimed in claim 12, wherein the pho-
tosensitive groups of both material A and material B are the
same photosensitive group.
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