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(57) ABSTRACT

An optical compensation sheet is provided and includes: a
transparent substrate; and at least one optical anisotropic
layer containing a liquid crystalline compound. The optical
compensation sheet has a film contrast value of 4000 or more
in which the film contrast value is represented by formula (1).

film contrast value=(maximum luminance of the opti-
cal compensation sheet disposed between polarizing
plates arranged in a parallel Nichol configuration)/
(minimum luminance of the optical compensation
sheet disposed between the polarizing plates arranged

in a cross Nichol configuration) Formula (1)
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OPTICAL COMPENSATION SHEET,
POLARIZING PLATE, LIQUID CRYSTAL
DISPLAY AND METHOD OF
MANUFACTURING OPTICAL
COMPENSATION SHEET

[0001] This application is based on and claims priority
under 35 U.S.C. §119 from Japanese Patent Application No.
2009-48500 filed Mar. 2, 2009, the entire disclosure of which
is herein incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an optical compen-
sation sheet applied to a liquid crystal display and a manu-
facturing method thereof, and a polarizing plate and a liquid
crystal display using the optical compensation sheet.

[0004] 2. Background Art

[0005] A liquid crystal device (LCD) has a liquid crystal
cell and a pair of polarizing plates sandwiching the cell.
[0006] A polarizing plate generally has a protective film
formed from cellulose acetate and a polarizer. The polarizing
plate is obtained, for example, by dyeing the polarizer of a
polyvinyl alcohol film with iodine, stretching the same, and
stacking protective films on both surfaces thereof.

[0007] With an aim of compensating distortion in images
viewed from various view angles due to phase differences of
polarized light passing through the liquid crystal cell, one or
more retardation films are sometimes disposed in adjacent
with the protective film. The retardation film is also referred
to as an optical compensation sheet and can be used also as a
protective film for a polarizing plate by direct bonding to the
polarizer.

[0008] The liquid crystal cell conducts ON/OFF displays
due to differences in the alignment states (orientation states)
ofliquid crystalline molecules, and display modes such as TN
(Twisted Nematic), IPS (In-Plane Switching), OCB (Opti-
cally Compensatory Bend), VA (Vertically Aligned), and
ECB (Electrically Controlled Birefringence) have been pro-
posed.

[0009] JP-A-8-50206 describes a liquid crystal display of
applying an optical compensation sheet as a technique of
improving the lowering of contrast when viewed from an
oblique direction and gradation inversion that the luminance
is inverted in gradation display as a feature of the TN mode
liquid crystal display.

[0010] While the technique can improve the contrast to
some extent, higher contrast has been demanded as the
response speed of liquid crystalline molecules of the TN
mode liquid crystal cell has become higher and the TN mode
liquid crystal cell has been applied also to video images of
television, etc.

SUMMARY OF THE INVENTION

[0011] Forimproving the contrast value on the view side, it
is necessary to enhance the alignment of liquid crystalline
molecules in the liquid crystal cell or suppressing scattering
components of filters for each of red, green, and blue colors.
[0012] However, in the case of applying an optical compen-
sation sheet to a liquid crystal display, the contrast property
can be improved also by changing the optical property of the
optical compensation sheet.
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[0013] In a case of an optical compensation sheet using a
cellulose acetate film as a substrate, coating discotic liquid
crystals thereon and fixing the liquid crystals being aligned as
described in JP-A-8-50206, it has been found that if the
alignment direction of the liquid crystals to be fixed is not
uniform, this gives an effect on a contrast.

[0014] For making the alignment direction of the liquid
crystals uniform, the alignment property of the liquid crystals
is an important factor as a matter of course, and this can be
attained in two ways, that is, by the effect of an external force
from a boundary of the optical anisotropic layer at which the
liquid crystals are aligned and by an internal control of the
optical anisotropic layer. In the case of the external force, this
is attained by the effect of an alignment control force by an
alignment layer at the substrate side and by the control of a
blowing rate and a blowing direction in a drying step at the air
boundary side. Further, in the case of the internal control, the
effect to the liquid crystalline molecules can be obtained by a
surfactant or another additive. The uniform alignment is
enhanced more by combination of them.

[0015] An object of an illustrative, non-limiting embodi-
ment of the invention is to provide an optical compensation
sheet including a transparent substrate and an optical aniso-
tropic layer where a liquid crystalline compound is fixed
while they are aligned, which can enhance the contrast with-
out deteriorating the gradation inversion by making the align-
ment direction of the liquid crystalline compound uniform.
Another object of the invention is to provide a method for
manufacturing the optical compensation sheet, and a polar-
izing and a liquid crystal display using the optical compen-
sation sheet.

[0016] According to an aspect of the invention, there is
provided the following means.

(1) An optical compensation sheet comprising: a transparent
substrate; and at least one optical anisotropic layer containing
a liquid crystalline compound, wherein the optical compen-
sation sheet has a film contrast value of 4000 or more, the film
contrast value being represented by formula (1).

film contrast value=(maximum luminance of the opti-
cal compensation sheet disposed between polarizing
plates arranged in a parallel Nichol configuration)/
(minimum luminance of the optical compensation
sheet disposed between the polarizing plates arranged

in a cross Nichol configuration) Formula (1)

(2) The optical compensation sheet as described in (1),
wherein a half-width value of an alignment axis distribution
of'the liquid crystalline compound in a minute region is 3.0°
or less.

(3) The optical compensation sheet as described in (1) or (2),
wherein the liquid crystalline compound is hybrid-aligned.
(4) The optical compensation sheet as described in any one of
(1) to (3), wherein the liquid crystalline compound is a dis-
cotic liquid crystal.

(5) The optical compensation sheet as described in any one of
(1) to (4), wherein a director tilt angle of the liquid crystalline
compound at a transparent substrate side of the optical aniso-
tropic layer is 40° to 75°.

(6) The optical compensation sheet as described in any one of
(1) to (4), wherein a director tilt angle of the liquid crystalline
compound at a transparent substrate side of the optical aniso-
tropic layer is 0° to 20° and a director tilt angle of the liquid
crystalline compound at an air boundary side of the optical
anisotropic layer is 30° to 90°.
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(7) The optical compensation sheet as described in any one of
(1) to (6), further comprising an optical alignment layer
between the transparent substrate and the optical anisotropic
layer, wherein the liquid crystalline compound is aligned by
an alignment control force provided by the optical alignment
layer.

(8) The optical compensation sheet as described in any one of
(1) to (6), further comprising an inorganic alignment layer
between the transparent substrate and the optical anisotropic
layer, formed by oblique vapor deposition, wherein the liquid
crystalline compound is aligned by the alignment control
force.

(9) The optical compensation sheet as described in any one of
(1)to (8), wherein the optical anisotropic layer has a thickness
of 2.0 um or more.

(10) A method of manufacturing an optical compensation
sheet as described in any one of (1) to (9), comprising:
[0017] coating a composition containing a liquid crystal-
line compound on a substrate having an alignment layer,
[0018] keeping the coated composition at a temperature of
the liquid crystalline compound forming a liquid crystal
phase to align the liquid crystalline compound in an aligned
state to form a pre-layer of the optical anisotropic layer;
[0019] providing an alignment control force by eternal
force on an air boundary side of the pre-layer; and

[0020] fixing theliquid crystalline compound in the aligned
state to form optical anisotropic layer.

(11) The method as described in (10), wherein the providing
of the alignment control force includes applying a uniform
blow at a uniform rate of 3.0 my/s in a direction.

(12) A method of manufacturing an optical compensation
sheet s described in any one of (1) to (9), comprising:

[0021] coating a composition containing a liquid crystal-
line compound on a substrate having an alignment layer,
[0022] keeping the coated composition at a temperature of
the liquid crystalline compound forming a liquid crystal
phase to align the liquid crystalline compound in an aligned
state to form a pre-layer of the optical anisotropic layer;
[0023] applying a magnetic field to the pre-layer; and
[0024] fixing the liquid crystalline compound in the aligned
state to form optical anisotropic layer.

(13) A method of manufacturing an optical compensation
sheet s described in any one of (1) to (9), comprising;
[0025] coating a composition containing a liquid crystal-
line compound on a substrate having an alignment layer,
[0026] keeping the coated composition at a temperature of
the liquid crystalline compound forming a liquid crystal
phase to align the liquid crystalline compound in an aligned
state to form a pre-layer of the optical anisotropic layer;
[0027] causing a temperature difference of 10° C./m or
more relative to a transportation direction of the substrate;
and

[0028] fixing theliquid crystalline compound in the aligned
state to form optical anisotropic layer.

(14) A method of manufacturing an optical compensation
sheet s described in any one of (1) to (9), comprising:
[0029] coating a composition containing a liquid crystal-
line compound on a substrate having an alignment layer,
[0030] keeping the coated composition at a temperature of
the liquid crystalline compound forming a liquid crystal
phase to align the liquid crystalline compound in an aligned
state to form a pre-layer of the optical anisotropic layer; and
[0031] fixing the liquid crystalline compound in the aligned
state to form optical anisotropic layer,
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[0032] wherein the temperature in the keeping of the coated
composition to align the liquid crystalline compound in the
aligned state is 40° C. or lower.

(15) A method of manufacturing an optical compensation
sheet s described in any one of (1) to (9), comprising:
[0033] coating a composition containing a liquid crystal-
line compound on a substrate having an alignment layer,
[0034] keeping the coated composition at a temperature of
the liquid crystalline compound forming a liquid crystal
phase to align the liquid crystalline compound in an aligned
state to form a pre-layer of the optical anisotropic layer; and
[0035] fixingtheliquid crystalline compound in the aligned
state to form optical anisotropic layer,

[0036] wherein the keeping of the coated composition to
align the liquid crystalline compound in the aligned state
includes: keeping the coated composition for at least 20 sec at
T, which is a temperature at or higher than a nematic-isotro-
pic phase transition temperature T,,, of the liquid crystal
composition; and applying to the coated composition a heat
treatment at T, lower than T;,, in this order.

(16) A method of manufacturing an optical compensation
sheet s described in any one of (1) to (9), comprising:
[0037] coating a composition containing a liquid crystal-
line compound on a substrate having an alignment layer,
[0038] keeping the coated composition at a temperature of
the liquid crystalline compound forming a liquid crystal
phase to align the liquid crystalline compound in an aligned
state to form a pre-layer of the optical anisotropic layer; and
[0039] fixingthe liquid crystalline compound in the aligned
state to form optical anisotropic layer,

[0040] wherein the keeping of the coated composition to
align the liquid crystalline compound in the aligned state
includes: aligning a discotic surface of the liquid crystalline
compound substantially horizontally; and changing an align-
ment direction of the liquid crystalline compound along with
a distance between the liquid crystalline compound and the
alignment layer.

(17) A polarizing plate comprising an optical compensation
sheet as described in any one of (1) to (9).

(18) A liquid crystal display comprising a polarizing plate as
described in (17).

(19) The liquid crystal display as described in (18), wherein
when a voltage for black display is set to be a voltage at which
atransmittance of the liquid crystal display not containing the
optical compensation sheet is within 1% to 10% relative to a
white luminance in a voltage-transmittance curve of the lig-
uid crystal display not containing the optical compensation
sheet, a retardation of the optical compensation sheet and a
bonding angle of the optical compensation sheet with a polar-
izer of the polarizing plate are controlled such that a black
luminance is minimized at the voltage for black display.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0041] According to an exemplary embodiment of the
invention, contrast of a liquid crystal display can be enhanced
without deteriorating the gradation inversion, for example, by
using a specific optical compensation sheet used in the liquid
crystal display or by changing the production process for the
optical compensation sheet, without improvement for a liquid
crystal cell of the liquid crystal display.

[0042] An exemplary embodiment of the invention will be
described as below.



US 2011/0058127 Al

[0043] In the specification, the “alignment control force”
means force or action (for example, heat, light, electric filed,
magnetic files, force of wind) which is applied directly or
indirectly to a liquid crystalline compound so that the liquid
crystalline compound is aligned in a certain direction.

(Optical Compensation Sheet)

[0044] An optical compensation sheet of the invention can
be formed by coating discotic liquid crystals on a polymer
film such as a cellulose acetate film as a substrate and fixing
the liquid crystals while aligning them. Liquid crystals can be
aligned effectively by coating an alignment layer on the sub-
strate and applying a rubbing treatment to the surface before
coating the liquid crystals.

(Transparent Substrate)

[0045] A substrate used in the invention is preferably trans-
parent and, specifically, a transparent polymer film having a
light transmittance of 80% or more is preferred. Examples of
polymer film usable as the transparent substrate includes
cellulose ester (examples: cellulose acetate, cellulose diac-
etate, cellulose triacetate), cycloolefine polymer, cyclopoly-
olefinic copolymer, norbornenic polymer, and polymethyl
methacrylate. Commercial polymers (Arton (registered trade
mark) and Zeonex (registered trade mark), Apel (registered
trade mark, etc. as norbornen polymer) may also be used.
Further, a film of a cellulose ester is preferred, and a film of a
lower fatty acid ester of cellulose is more preferred. The lower
fatty acid means an aliphatic acid having 6 or less carbon
atoms. Particularly, those having carbon atoms by the number
of 2 (cellulose acetate), 3 (cellulose propionate), or 4 (cellu-
lose butyrate) is preferred. A film of cellulose acetate is par-
ticularly preferred among the cellulose esters described
above. A mixed fatty acid ester such as cellulose acetate
propionate or cellulose acetate butyrate can also be used.

[0046] Also a polymer tending to develop bire fringence
such as a polycarbonate or a polysulfone known so far can
also be used as a transparent substrate in the invention by
controlling the developability of the birefringence by modi-
fying molecules as described in WO 00/26705.

[0047] In acase of using the optical compensation sheet as
a protective film for a polarizing plate, it is preferred to use
cellulose acetate having a degree of acetylation of 55.0 to
62.5% as the polymer film. The degree of acetylation is more
preferably, from 57.0 to 62.0%.

[0048] The degree of acetylation means the amount of
bonded acetic acid per unit mass of cellulose.

[0049] Thedegree ofacetylation is determined by measure-
ment and calculation for the degree of acetylation according
to ASTM:D-817-91 (test method for cellulose acetate, etc.).

[0050] A viscosity average polymerization degree (DP) of
cellulose acetate is preferably 250 or more and, more prefer-
ably, 290 or more. Further, it is preferred that cellulose acetate
has a narrow molecular weight distribution of Mw/Mn (Mw:
mass average molecular weight, Mn: number average
molecular weight) according to gel permeation chromatog-
raphy.

[0051] Specific value for Mw/Mn is, preferably, from 1.0to
40, more preferably, from 1.0 to 1.65, and particularly pref-
erably, from 1.0 to 1.6.
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[0052] In cellule acetate, hydroxyl groups at 2-position,
3-position and 6-position of cellulose are not substituted
equally but the substitution degree at the 6-position tends to
be decreased.

[0053] In apolymer film used as the transparent substrate,
it is preferred that the substitution degree on the 6-position is
about identical with or more than that of the 2-position and the
3-position of cellulose.

[0054] Theratio of the substitution degree on the 6-position
based on the total substitution degrees on the 2-position,
3-position, and the 6-position is preferably 30 to 40%, more
preferably, 31 to 40% and, particularly preferably, 32 to 40%.
Further, the substitution degree on the 6-position is preferably
0.88 or more. The substitution degree on each position can be
measured by NMR.

[0055] The cellulose acetate of high substitution degree at
the 6-position can be synthesized with reference to the
method of Synthesis Example 1 described in paragraphs Nos.
(0043) to (0044), Synthesis Example 2 described in para-
graphs Nos. (0048) to (0049), and Synthesis Example 3
described in paragraphs Nos. (0051) to (0052) of JP-A-11-
5851.

[0056] In the present specification, Re, Rth represent each
retardation in a plane (in-plane retardation) and retardation in
a thickness direction, respectively. In a transparent substrate,
Re is preferably from 5 to 100 nm, and Rth is preferably from
30 to 100 nm. Further, in a case of intending to compensate
phase differences contained not only in a liquid crystal cell
but also in a polarizing plate, Re is preferably from 50 to 100
nm and Rth is preferably from 40 to 80 nm.

(Alignment Layer)

[0057] Inanoptical compensation sheet of the invention, an
alignment layer (orientation layer) can be previously formed
on a transparent substrate for forming an optical anisotropic
layer formed of a liquid crystal composition containing a
liquid crystalline compound on the transparent substrate.
[0058] For the alignment layer, a polyvinyl alcohol or a
modified polyvinyl alcohol is used usually. In the invention,
for improving the contrast, it is preferred to adopt each of
methods of alignment providing high alignment control
force, optical alignment, uniform hybrid alignment via hori-
zontal alignment, magnetic field alignment, oblique vapor
deposition alignment, uniform hybrid alignment via Iso tem-
perature, and change of film thickness, with an aim of exert-
ing an alignment control force more uniformly.

[0059] Methods for aligning (orienting) a liquid crystalline
compound of the invention will be described.

(Alignment Layer Providing High Alignment Control Force)

[0060] The alignment layer providing high alignment con-
trol force is a layer that lowers the alignment axis distribution
in the minute region. Examples of a material for the layer
includes, preferably, copolymer compounds described in
paragraphs (0014) to (0016) in JP-A-2002-98836 and more
preferably copolymer compounds described in paragraphs
(0024) to (0029) and (0173) to (0180) in JP-A-2002-98836.
Other examples of the material for the layer includes, prefer-
ably, copolymer compound described in paragraphs (0007) to
(0012) in JP-A-2005-99228 and more preferably copolymer
compounds described in paragraphs (0016) to (0020) in
JP-A-2005-99228. From the viewpoint of improving adhe-
sion property between the alignment layer and the optical
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anisotropic layer, it is further preferable that the copolymer
compounds described in above references has a substituent
such as a vinyl group.

(Optical Alignment)

[0061] The optical alignment layer is a layer that develops
an alignment function by light irradiation. A material used for
forming the optical alignment layer is, preferably, a com-
pound having an optical alignment group that develops the
optical alignment function and, for example, compounds hav-
ing an optical alignment group causing optical isomerization
such as an azo group, and compounds having an optical
alignment group causing optical dimerization such as a cin-
namoyl group, a coumarin group, and a chalcone group are
suitable. Further, preferred examples can include also a com-
pound that develops alignment function by photo crosslink-
ing such as a benzophenone group and a compound that
develops the alignment function by photodecomposition such
as polyimide resins.

[0062] Theoptical alignment layer can be formed by apply-
ing a material for an optical alignment layer, for example, a
composition containing a compound having an optical align-
ment group on a transparent substrate. It is preferred to pre-
pare the composition as a coating solution, and coat and dry
the same on the surface of a substrate, etc. to form the layer.
Specifically, it is formed preferably by dissolving or dispers-
ing a compound having the optical alignment group, etc. inan
appropriate solvent to prepare a coating solution and coating
and drying the coating solution on a substrate. The coating
can be applied by a known method (for example, spin coating,
wire bar coating, extrusion coating, direct gravure coating,
reverse gravure coating, and die coating).

[0063] The thickness of the optical alignment layer is pref-
erably, from 0.01 to 2 pm and, more preferably, from 0.01 to
0.1 pm.

[0064] A light source used for light irradiation can include,
those light sources used usually, for example, lamps such as
tungsten lamp, halogen lamp, xenone lamp, xenone flash
lamp, mercury lamp, mercury xenone lamp, and carbon arc
lamp, various kinds of lasers (for example, semiconductor
laser, helium neon laser, argon ion laser, helium cadmium
laser, YAG laser), light emission diodes, and cathode ray
tubes. Light may be irradiated as a non-polarized light or a
polarized light and in a case of using the polarized light, a
linear polarized light is used preferably. Further, only the light
of necessary wavelength may be selectively irradiated by
using a filter, a wavelength conversion device, etc.

(Uniform Hybrid Alignment Via Horizontal Alignment)

[0065] The method includes a technique described in JP-A-
2004-177813. For uniformly aligning liquid crystalline mol-
ecules applied to an optical anisotropic layer in a short time,
an additive for accelerating horizontal alignment is added to
a composition for forming an optical anisotropic layer and,
after once aligning the discotic surface horizontally, it is
further heated to obtain hybrid alignment. As the horizontal
alignment agent, those described in JP-A-2004-177813 can
be applied.

[0066] Further, steps after the horizontal alignment are
attained by adding an energy (heat, light, electric field, mag-
netic field) from the outside.

[0067] The energy from the outside is preferably heat. It is
preferred that the heating temperature is a temperature higher
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than the heating temperature in the step of aligning the liquid
crystalline compound substantially horizontally. The heating
temperature is preferably at a temperature higher by 5° C. or
more and, most preferably at a temperature higher by 10° C.
or more than the heating temperature in the step of aligning
the liquid crystalline compound substantially horizontally.

(Oblique Vapor Deposition)

[0068] The method is a technique described in JP-A-7-
134213, which is herein incorporated by reference. A typical
inorganic oblique vapor deposition film is an SiO oblique
vapor deposition film, and a rolled sheet can be manufactured
by using a continuous oblique vapor deposition apparatus as
in FIG. 6 of JP-A-7-134213. The polarization angle y in FIG.
6(b) of IP-A-7-134213 is 0° in usual continuous vapor depo-
sition apparatuses, but it is preferred that this is within a range
oft 0°<x<90° in the continuous vapor deposition apparatus.
Further, the minimum vapor deposition angle x shown in FIG.
6(a) of JP-A-7-134213 is within a range: 10°<x<88°. By
using such vapor deposition apparatus, a rolled sheet having
an ability of forming a discotic liquid crystal layer in which
the in-plane optical axis direction forms an angle y
(0°<y<90°) relative to the longitudinal direction of the roll
can be prepared. By the oblique vapor deposition, rod-like
vapor deposition particles are grown and formed from the
substrate surface toward the direction of the vapor deposition
source and, at a vapor deposition angle 0 (angle formed
between a normal line at a point on a sheet surface and a line
connecting the point to a vapor deposition source) of about 65
to 88°, discotic liquid crystals are aligned in a direction where
the direction of the column of vapor deposited particles and
the optical axis of the discotic liquid crystal are in substan-
tially in perpendicular to each other and, at a vapor deposition
angle 0 of about 20° to 65°, they are aligned in a direction
where the direction of the vapor deposition column and the
optical axis of the discotic liquid crystal substantially agree to
each other.

[0069] A typical organic alignment layer is a fluoropoly-
imide film. The angle for oblique alignment can be controlled
by coating a fluoro-polyamic acid (LQ 1800 manufactured by
Hitachi Kasei Co.) to a substrate surface, baking at 200° C. to
300° C. and then applying rubbing. In the invention, since it is
necessary to prepare the layer such that the in-plane optical
axis direction forms an angle y (0°<y<90° C.) relative to the
longitudinal direction of a rolled sheet, a rubbing step in
which the rubbing direction forms an angle y relative to the
transportation direction of the roll as shown in FIG. 7 of
JP-A-7-134213 may be adopted. In the rubbing step, it is
defined that the rotational speed of the rubbing roll is suffi-
ciently higher relative to the transportation speed of the roll.

(Uniform Hybrid Alignment Via I, Temperature)

[0070] This is a manufacturing method including a heat
treatment step of conducting a heat treatment to a transparent
substrate coated with two or more kinds of liquid crystalline
compounds different in the structure and different in the tem-
perature for nematic to isotropic phase transition temperature
respectively, in which the heat treatment step includes a first
heat treatment step of keeping a temperature T, which is at or
higher than the nematic-isotrophic phase transition tempera-
ture Tiso of the liquid crystal composition and a second heat
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treatment step of conducting a heat treatment at a temperature
T, which is lower than the temperature Tiso after the first heat
treatment step.

[0071] It is noted in this method that when nematic liquid
crystal monomers are hybrid-aligned at a liquid crystal phase
temperature and the nematic liquid crystal monomers put to
hybrid alignment are fixed by polymerization, the state of the
liquid crystal phase and the isotropic phase can be taken by
heating also after removing the solvent. Since the liquid crys-
tals are in a state of moving about at random, particularly, in
the isotropic state, the viscosity can be lowered and uneven-
ness can be improved easily by leveling.

[0072] The heat treatment step includes the first heat treat-
ment step and the second heat treatment step and, optionally,
a third heat treatment step.

—First Heat Treatment Step—

[0073] Inthe first heat treatment, step, a first heat treatment
is conducted at a temperature T which is at or higher than the
nematic to isotropic phase transition temperature T, of the
liquid crystal composition.

[0074] In a case where the temperature T, is at or higher
than the nematic-to-isotropic phase transition temperature
T,,, of the liquid crystal composition, it is possible to produce
an optical compensation sheet with no unevenness and align-
ment defects at a good productivity. T1 described above has
no particular restriction so long as it is a temperature at or
higher than T, and can be selected properly in accordance
with the purpose. The upper limit for T, is preferably at or
lower than the thermal polymerization temperature of the
liquid crystal composition. A temperature higher than the
thermal polymerization temperature is not preferred since the
liquid crystals are fixed by polymerizing reaction during the
heat treatment.

[0075] The retention time of retaining the heat treatment
state by the temperature T, described above is at least 20 sec,
preferably, 30 sec or more and, more preferably, 60 sec or
more.

[0076] In acase where the retention time is 20 sec or more,
unevenness and alignment detects can be suppressed.

[0077] The upper limit for the retention time is preferably
120 sec at the longest.

[0078] In a case where the retention time exceeds 120 sec,
the productivity is lowered.

[0079] The heat treatment means in the first heat treatment
step has no particular restriction and can be selected properly
in accordance with the purpose and includes, for example, a
thermostat bath, a heating roll, etc.

—Second Heat Treatment Step—

[0080] In the second heat treatment step, heat treatment is
conducted at a temperature T, which is lower than T, .
[0081] It may be suffice that T, is at a temperature lower
than T, and can be selected properly according to the pur-
pose and can be, for example, at a room temperature. It is
preferred that the temperature is lower by 1° C. or more than
Tiso-

[0082] Inacasewhere the difference between T, and T, is
less than 1° C., alignment of the liquid crystalline compound
may possibly be hindered when the temperature fluctuates.
[0083] The lower limit for the retention time for retaining
the heat treatment state at the temperature T, is preferably at
least for 20 sec.
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[0084] In acase where the retention time is 20 sec or more,
the alignment defects can be suppressed particularly.

[0085] The upper limit of the retention time is preferably
120 sec or less.
[0086] In a case where the retention time exceeds 120 sec,

the productivity is lowered.

[0087] The heat treatment means in the second heat treat-
ment step has no particular restriction so long as it can con-
duct the heat treatment at the temperature T, and can be
selected properly according to the purpose and includes, for
example, a thermostat bath, a heating roll, etc.

—Third Heat Treatment Step—

[0088] Further, succeeding to the second heat treatment
step, a heat treatment in the third heat treatment step can also
be conducted.

[0089] As the third heat treatment step, it is preferred to
conduct a heat treatment at a temperature T5 which is lower
than T, described above.

[0090] It may suffice that T, is at a temperature lower than
T, and can be selected properly according to the purpose and,
for example, it can be at a room temperature, and it is prefer-
ably at a temperature to form a nematic phase. A temperature
for forming a columnar phase or crystal phase is not preferred
since the alignment may possibly be disturbed.

[0091] The lower limit of the retention time for retaining
the heat treatment state at the temperature T described above
is preferably at least for 10 sec.

[0092] Inacase where the retention time is 10 sec or more,
the liquid crystal can be controlled to a desired alignment
state.

[0093] Theupper limit of the retention time is preferably 60
sec or less.
[0094] In a case where the retention time exceeds 60 sec,

the productivity is lowered.

[0095] The heat treatment means in the third heat treatment
step has no particular restriction so long as it can conduct the
heat treatment at the temperature T; and can be selected
properly according to the purpose and includes, for example,
a thermostat bath, a heating roll, etc.

(Magnetic Field Alignment)

[0096] The method applies a magnetic field at the same
time with the alignment step or after the alignment step sub-
sequent to the coating of liquid crystals that form the optical
anisotropic layer, which is described in JP-A-2005-316175.
The magnetic field is applied preferably in a direction where
the difference between a tilt angle in the direction of the
magnetic field and an average tilt angle of a liquid crystalline
compound at the air boundary side of the liquid crystalline
compound layer is less than 10°, preferably, less than 7°, more
preferably, less than 5°, and most preferably, less than 3°.
[0097] Accordingly, before application of the magnetic
field, the average tilt angle of the liquid crystalline compound
at the air boundary side of the liquid crystalline compound
layer is measured. However, in the production of products, it
is preferred to conduct a preliminary experiment to measure
the average tilt angle of the liquid crystalline compound
(magnetic field can be applied thereby at the same time with
the alignment step or just after the alignment step).

[0098] The magnetic field intensity is preferably 0.1 tesla or
more and more preferably, 1.0 tesla or more.
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[0099] The temperature in the magnetic field application is
identical with the heating temperature in the alignment step
(alignment temperature) and it is preferably at a temperature
at or higher than the liquid crystal transition temperature of
the liquid crystalline compound.

[0100] The magnetic field can be applied by using a per-
manent magnet or an electromagnet.

[0101] A plurality of magnets may be used in a bundle and
magnetic field may also be applied simultaneously over the
entire wide film surface. Further, the magnetic field can be
applied also by transporting a film in a region where the
magnetic field is generated in a certain direction.

(Acceleration of Alignment by the Blowing Direction in Dry-
ing Step)

[0102] By blowing air in a direction inclined from the nor-
mal line direction of a film to the air boundary to the liquid
crystalline compound in a state of a nematic phase, an align-
ment control force can be provided to the liquid crystalline
molecules at the air boundary side in the direction of blow.
This can forcibly make the alignment that fluctuates on the
side of the alignment layer uniformly from at the air boundary
side. The blowing rate is preferably 3.0 m/s or higher, more
preferably, 5.0 m/s or higher and, further preferably, 10.0 m/s
or higher.

(Alignment Acceleration by Low Polymerization Tempera-
ture)

[0103] Order parameters of the liquid crystalline com-
pound (alignment order) can be increased as the temperature
is lower, that is, an alignment state with less fluctuation can be
attained. Uniform alignment can be attained by polymeriza-
tion and fixing at low temperature with less fluctuation. The
polymerization temperature is, preferably, 60° C. or lower
and, more preferably, 40° C. or lower.

(Alignment Acceleration by Temperature Difference)

[0104] When difference is formed for the temperature, lig-
uid crystals are aligned at a portion where the temperature
gradient is present. For example, in a case of roll-to-roll
continuous production, alignment can be obtained under con-
ditions, for example, of providing an initial low temperature
region and providing a higher temperature region toward the
running direction of a film. For more uniform alignment, the
temperature gradient is preferably 5° C./cm or more and,
more preferably, 10° C./cm or more. However, since crease is
caused to the film when the temperature gradient is exces-
sively large, it is preferably 50° C./cm or less.

(Optical Anisotropic Layer)

[0105] Anexampleoftheoptical compensation sheet of the
invention has an optical anisotropic layer formed of a liquid
crystal composition containing a liquid crystalline compound
on the transparent substrate. The optical anisotropic layer is
formed on an alignment layer which is previously formed on
the transparent substrate.

[0106] Further, a polarizing plate with an optical compen-
sation sheet of the invention can be manufactured also by
transferring a liquid crystalline compound layer formed on a
separate substrate onto the transparent substrate by using a
pressure sensitive adhesive or the like. In this case, the sub-
strate for provisionally supporting the optical anisotropic
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layer may not always be transparent but it may suffice that the
substrate to the transferred is a transparent substrate.

[0107] The liquid crystalline compound used for forming
the optical anisotropic layer includes rod-like liquid crystal-
line compounds and discotic liquid crystalline compounds.
The rod-like liquid crystalline compounds and the discotic
liquid crystalline compounds may be high molecular liquid
crystals or low molecular liquid crystals and, further, also
include those low molecular liquid crystals which are
crosslinked to no more show liquid crystallinity.

(Rod-Like Liquid Crystalline Compound)

[0108] Rod-like liquid crystalline compounds used prefer-
ably in the invention include azomethines, azoxys, cyanobi-
phenyls, cyanophenylates, benzoates, phenylcyclohexane
carboxylates, cyanophenyl cyclohexane, cyano substituted
phenyl pyrimidines, alkoxy-substituted phenyl pyrimidines,
phenyl dioxanes, tolans, and alkenyl cyclohexyl benzoni-
triles.

[0109] The rod-like liquid crystalline compounds also
include metal complexes. Further, a liquid crystal polymer
containing rod-like liquid crystalline compounds in repetitive
units can also be used. That is, the rod-like liquid crystalline
compound may be bonded with (liquid crystal) polymer.
[0110] The rod-like liquid crystalline compound is
described in Kikan Kagaku Sosetsu, vol. 22, “Liquid Crystal
Chemistry (1994), edited by the Chemical Society of Japan”,
Chapter 4, Chapter 7, and Chapter 11, and Liquid Crystal
Device Handbook, edited by Japan Society for the Promotion
of Science, 142th committee, Chapter 3.

[0111] The birefringence of the rod-like liquid crystalline
compound used in the invention is preferably within a range
from 0.001 to 0.7.

[0112] Therod-likeliquid crystalline compound preferably
has a polymerizable group for fixing the alignment state. As
the polymerizable group, an unsaturated polymerizable
group or epoxy group is preferred, and the unsaturated poly-
merizable group is more preferred, the ethylenically unsatur-
ated polymerizable group is particularly preferred.

(Discotic Liquid Crystalline Compound)

[0113] Discotic liquid crystalline compounds include ben-
zene derivatives described in the Research Report of C.
Destrade, et al., Mol. Cryst. vol. 71, p. 111 (1981),—truxene
derivatives described in Research Report by C. Destrade, et
al., Mol. Cryst. vol. 122, p. 141 (1985), Physics, lett, A, vol.
78, p. 82 (1990), cyclohexane derivatives described in
Research Report of B. Kohne, et al., Angew. Chem. vol. 96, p.
70 (1984) and aza crown type or phenyl acetylene type mac-
rocycles described in Research Report of M. Lehn, J. Chem.
Commun., p. 1794 (1985), and Research Report of J. Zhang,
J. Am. Chem. Soc., vol. 116, p. 2655 (1994).

[0114] The discotic liquid crystalline compounds also
include compounds showing liquid crystallinity of a structure
in which linear alkyl groups, alkoxy groups or substituted
benzoyloxy groups are substituted radially as side chains of a
scaffold at the center of a molecule. Compounds in which a
molecule or an aggregate of molecules have a rotational sym-
metry and can be provided with a certain alignment are pre-
ferred.

[0115] Inacase of forming an optical anisotroic layer from
a discotic liquid crystalline compound, it is no more neces-
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sary that the compound contained finally in the optical aniso-
tropic layer shows crystallinity.

[0116] Preferred examples of the discotic liquid crystalline
compounds are described in JP-A-8-50206. Further, poly-
merization of discotic liquid crystalline compounds is
described in JP-A-8-27284.

[0117] Further, in the invention, it is particularly preferred
to use the discotic liquid crystalline compound represented by
the following general formula (I').

Formula (I'):
R] 1

N

=
RI3 y!2 R!2

i3 vl

[0118] Informula(I),Y",Y"*and Y'® each independently
represents a methine group or a nitrogen atom. Y**, Y*? and
Y'? each is preferably a methane group, more preferably an
unsubstituted methine group.

[0119] R'%, R'? and R'? each independently represent a
group of the following formula (I'-A), (I'-B) or (I'-C). When
the wavelength dispersibility of the intrinsic birefringence is
desired to be lower, the group of formula (I'-A) or (I'-C) is
preferred; and the group of formula (I'-A) is more preferred.
Preferably, R'!, R'* and R'? are the same group.

Formula (I'-A):

A“ A]3=A[4
——
A15
1 /
X\Alz }15 /
Lll_LIZ_Qll

[0120] In formula (I'-A), A'', A'2 A" A A'> and A'°
each independently represent a methine group or a nitrogen
atom.

[0121] Preferably, at least one of A'* and A’ is a nitrogen
atom; and more preferably, the two are both nitrogen atoms.
[0122] Preferably, atleast three of A'3, A’ A'®> and A6 are
methine groups; and more preferably, they are all methine
groups. Preferably, the methine groups are unsubstituted.
[0123] Examples of the substituent for the methine group
for A™, A", A A" A" or A’ include a halogen atom
(fluorine atom, chlorine atom, bromine atom, iodine atom), a
cyano group, a nitro group, an alkyl group having from 1 to 16
carbon atoms, an alkenyl group having from 2 to 16 carbon
atoms, an alkynyl group having from 2 to 16 carbon atoms, a
halogen-substituted alkyl group having from 1 to 16 carbon
atoms, an alkoxy group having from 1 to 16 carbon atoms, an
acyl group having from 2 to 16 carbon atoms, an alkylthio
group having from 1 to 16 carbon atoms, an acyloxy group
having from 2 to 16 carbon atoms, an alkoxycarbonyl group
having from 2 to 16 carbon atoms, a carbamoyl group, an
alkyl-substituted carbamoyl group having from 2 to 16 car-
bon atoms, and an acylamino group having from 2 to 16
carbon atoms. Of those, preferred are a halogen atom, a cyano
group, an alkyl group having from 1 to 6 carbon atoms, a
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halogen-substituted alkyl group having from 1 to 6 carbon
atoms; more preferred are a halogen atom, an alkyl group
having from 1 to 4 carbon atoms, a halogen-substituted alkyl
group having from 1 to 4 carbon atoms; and, even more
preferred are a halogen atom, an alkyl group having from 1 to
3 carbon atoms, and a trifluoromethyl group.

[0124] X' represents an oxygen atom, a sulfur atom, a
methylene group or an imino group, preferably an oxygen
atom.

Formula (I'-B):

X2 AB— A
—
25
A2 V4 \ / A
~ A22 A25

LZI_LZZ_QZI

[0125] In formula (I'-B), A%, A**, A?*, A*>*, A% and A?°
each independently represent a methine group or a nitrogen
atom.

[0126] Preferably, at least one of A*! and A% is a nitrogen
atom; and more preferably, the two are both nitrogen atoms.
[0127] Preferably, at least three of A%, A**, A*® and A*® are
methine groups; and more preferably, they are all methine
groups.

[0128] When A%!, A%2 A%3 A%* A2 or A%® is a methine
group, examples of the substituent for the methine group
include a halogen atom (fluorine atom, chlorine atom, bro-
mine atom, iodine atom), a cyano group, a nitro group, an
alkyl group having from 1 to 16 carbon atoms, an alkenyl
group having from 2 to 16 carbon atoms, an alkynyl group
having from 2 to 16 carbon atoms, a halogen-substituted alkyl
group having from 1 to 16 carbon atoms, an alkoxy group
having from 1 to 16 carbon atoms, an acyl group having from
2 to 16 carbon atoms, an alkylthio group having from 1 to 16
carbon atoms, an acyloxy group having from 2 to 16 carbon
atoms, an alkoxycarbonyl group having from 2 to 16 carbon
atoms, a carbamoyl group, an alkyl-substituted carbamoyl
group having from 2 to 16 carbon atoms, and an acylamino
group having from 2 to 16 carbon atoms. Of those, preferred
are a halogen atom, a cyano group, an alkyl group having
from 1 to 6 carbon atoms, a halogen-substituted alkyl group
having from 1 to 6 carbon atoms; more preferred are a halo-
gen atom, an alkyl group having from 1 to 4 carbon atoms, a
halogen-substituted alkyl group having from 1 to 4 carbon
atoms; and even more preferred are a halogen atom, an alkyl
group having from 1 to 3 carbon atoms, and a trifluvoromethyl
group.

[0129] X represents an oxygen atom, a sulfur atom, a
methylene group or an imino group, preferably an oxygen
atom.

Formula (I'-C):

A31 A33=A34
—_—
35
77—\
32
A\X3 A36 /
13— 32-3!
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[0130] In formula (I'C), A®', A**, A, A** A®® and A®®
each independently represent a methine group or a nitrogen
atom.

[0131] Preferably, at least one of A*' and A>? is a nitrogen
atom; and more preferably, the two are both nitrogen atoms.
[0132] Preferably, at least three of A**, A>*, A®® and A*® are
methine groups; and more preferably, they are all methine
groups.

[0133] When A%', A%% A3 A%* A3 or A*® is a methine
group, then the methine group may have a substituent.
Examples of the substituent include a halogen atom (fluorine
atom, chlorine atom, bromine atom, iodine atom), a cyano
group, a nitro group, an alkyl group having from 1 to 16
carbon atoms, an alkenyl group having from 2 to 16 carbon
atoms, an alkynyl group having from 2 to 16 carbon atoms, a
halogen-substituted alkyl group having from 1 to 16 carbon
atoms, an alkoxy group having from 1 to 16 carbon atoms, an
acyl group having from 2 to 16 carbon atoms, an alkylthio
group having from 1 to 16 carbon atoms, an acyloxy group
having from 2 to 16 carbon atoms, an alkoxycarbonyl group
having from 2 to 16 carbon atoms, a carbamoyl group, an
alkyl-substituted carbamoyl group having from 2 to 16 car-
bon atoms, and an acylamino group having from 2 to 16
carbon atoms. Of those, preferred are a halogen atom, a cyano
group, an alkyl group having from 1 to 6 carbon atoms, a
halogen-substituted alkyl group having from 1 to 6 carbon
atoms; more preferred are a halogen atom, an alkyl group
having from 1 to 4 carbon atoms, a halogen-substituted alkyl
group having from 1 to 4 carbon atoms; and even more pre-
ferred are a halogen atom, an alkyl group having from 1 to 3
carbon atoms, and a trifluoromethy! group.

[0134] X represents an oxygen atom, a sulfur atom, a
methylene group or an imino group, preferably an oxygen
atom.

[0135] L'!informula (I'-A), L*! in formula (I'-B), and L.>*
in formula (I'-C) each independently represents —O—,
—C(—0)—, —0—CO—, —CO—0—, —O0—CO—0—,
—S—, —NH—, —80,—, —CH,—, —CH—CH—, or
—C=C—; preferably —O—, —C(—O0)—, —O0—CO—,
—CO—0—,—0—CO—0—,—CH,—,—CH—CH—,or
—(C=C—; more preferably —O—, —O—CO—, —CO—
0O—, —0—CO—0—, or —C=C—. In particular, L** in
formula (I'-A) is especially preferably —O—, —CO—O—
or —C=C—, as the wavelength dispersibility of the intrinsic
birefringence may be expected to be lower; and above all, L**
is even more preferably —CO—O—, as the compound may
express a discotic nematic phase at a higher temperature.
When the above-mentioned groups contain a hydrogen atom,
the hydrogen atom may be substituted with a substituent.
Prefer red examples of the substituent are a halogen atom, a
cyano group, a nitro group, an alkyl group having from 1 to 6
carbon atoms, a halogen-substituted alkyl group having from
1 to 6 carbon atoms, an alkoxy group having from 1 to 6
carbon atoms, an acyl group having from 2 to 6 carbon atoms,
an alkylthio group having from 1 to 6 carbon atoms, an
acyloxy group having from 2 to 6 carbon atoms, an alkoxy-
carbonyl group having from 2 to 6 carbon atoms, a carbamoy!
group, an alkyl-substituted carbamoyl group having from 2 to
6 carbon atoms, and an acylamino group having from 2 to 6
carbon atoms. More preferred are a halogen atom, and an
alkyl group having from 1 to 6 carbon atoms.

[0136] L'?informula (I'-A), L** in formula (I'-B), and L**
in formula (I'-C) each independently represents a divalent
linking group selected from the group consisting of —O—,
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—S—,—C(—0)—,—SO,—,—NH—,—CH,—,—CH—
CH— and —C=C—, and their combinations. In these, the
hydrogen atom of —NH—, —CH,— and —CH—CH—
may be substituted with a substituent. Preferred examples of
the substituent are a halogen atom, a cyano group, a nitro
group, a hydroxyl group, a carboxyl group, an alkyl group
having from 1 to 6 carbon atoms, a halogen-substituted alkyl
group having from 1 to 6 carbon atoms, an alkoxy group
having from 1 to 6 carbon atoms, an acyl group having from
2 to 6 carbon atoms, an alkylthio group having from 1 to 6
carbon atoms, an acyloxy group having from 2 to 6 carbon
atoms, an alkoxycarbonyl group having from 2 to 6 carbon
atoms, a carbamoyl group, an alkyl-substituted carbamoyl
group having from 2 to 6 carbon atoms, and an acylamino
group having from 2 to 6 carbon atoms. More preferred are a
halogen atom, a hydroxyl group, and an alkyl group having
from 1 to 6 carbon atoms; and even more preferred are a
halogen atom, a methyl group and an ethyl group.

[0137] Preferably, L' 1>* and L** are independently
selected from the group consisting of —O—, —C(—O)—,
—CH,— —CH—CH— and —C=C—, their combina-
tions.

[0138] Morepreferably, L.'*,L.** and L** independently has
from 1 to 20 carbon atoms, even more preferably from 2 to 14
carbon atoms. Preferably, they independently have from 1 to
16 (—CH,—)s, more preferably from 2 to 12 (—CH,—)s.

[0139] The number of the carbon atoms constituting L.'?,
L?? and L*? has an influence on the phase-transition tempera-
ture of the liquid crystal and on the solubility of the compound
in solvents. In general, when the number of the carbon atoms
is larger, then the temperature for phase transition from the
discotic nematic phase (N, phase) to the isotropic liquid
phase tends to be lower. On the other hand, the solubility of
the compound in solvent tends to be higher when the number
of the carbon atoms is larger.

[0140] Q'!in formula (I'-A), Q*! in formula (I'-B) and Q'
in formula (I'-C) each independently represents a polymeriz-
able group or a hydrogen atom. When the compound of the
invention is used in an optical film such as an optically-
compensatory film, of which the retardation is desired not to
change by heat, Q'', Q*! and Q*' are preferably a polymer-
izable group. The polymerization reaction is preferably addi-
tion polymerization (including ring-cleavage polymeriza-
tion) or condensation polymerization. Specifically, it is
desirable that the polymerizable group is a functional group
capable of undergoing addition polymerization or condensa-
tion polymerization. Examples of the polymerizable group
are mentioned below.

C HiC C,H.
HZCé NN TN NN
H H
CH; Cl
. ! |
AN~ P~ >~
\EI/ N HZC/ N HZC/ N
HoL e d X
3 o Z
NN w0/ \
| HZC—CH\ HZC—CH\
CH;
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-continued
O
4J
—SH —OH —NH, —C —S
7\
OH O OH
L
N=C=0 N=—C=—=S§ —CH—CH, —C—CH,
CH;
THZ -0
— T —CH,
CoHs
[0141] More preferably, the polymerizable group is a func-

tional group capable of undergoing addition polymerization.
The polymerizable group of the type is preferably a polymer-
izable ethylenic unsaturated group or a ring-cleavage poly-
merizable group.

[0142] Examples of the polymerizable ethylenic unsatur-
ated group are the following formulae (M-1) to (M-6):

M-1)
CH,=CH
\C —O0—
g
M-2)
CH;
CHZ%
C—0—
g
M-3)
CH2 —CH
\
.
0 R
M-4)
CH;
/
CH,=C
\
/1
o R
cH 0 M9
CH,=—=
’ 4
o— C\
- (M-6)
Ncu
[0143] Informulae (M-3) and (M-4), R represents a hydro-

gen atom or an alkyl group, preferably a hydrogen atom or a
methyl group.

[0144] Of formulae (M-1) to (M-6), preferred are (M-1)
and (M-2); and more preferred is (M-1).

Mar. 10, 2011

[0145] The ring-cleavage polymerizable group is prefer-
ably a cyclic ether group, more preferably an epoxy group or
an oxetanyl group.

[0146] Examples of the compound represented by the for-
mula (I') includes exemplified compounds described in para-
graph (0052) in JP-A-2006-76992 and exemplified com-
pounds described in paragraphs (0040) to (0063) in JP-A-
2007-2220, but the invention is not limited to these
compounds.

[0147] The above compounds can be synthesized by vari-
ous synthesis methods. For example, the compounds can be
synthesized by the method described in paragraphs (0064) to
(0070) in JP-A-2007-2220.

[0148] It is desirable that the liquid crystalline compound
used in the invention develops a liquid crystal phase showing
a preferred monodomain property. By making the mon-
odomain property preferable, this can effectively prevent the
obtained structure from forming a polydomain thereby caus-
ing alignment defects at the boundary between domains to
each other and scattering the light. Further, development of
the good monodomain property is preferred since the retar-
dation plate has higher light transmittance.

[0149] The liquid crystal phase developed by the liquid
crystalline compound used in the invention includes a colum-
nar phase, and a discotic nematic phase (ND phase). Among
the liquid crystal phases, the discotic nematic phase (ND
phase) showing a good monodomain property and capable of
hybrid alignment is particularly preferred.

[0150] It is more preferred that the liquid crystalline com-
pound used in the invention has smaller anisotropic wave-
length dispersibility. Specifically, assuming the phase differ-
ence developed by the liquid crystalline compound (in-plane
retardation value (nm) of the liquid crystal layer at a wave-
length A (nm)) as Re (1), Re (450)/Re(650) is preferably less
than 1.25, more preferably, 1.20 or less and, particularly
preferably, 1.15 or less.

[0151] For alignment on the alignment layer disposed on
the substrate, it is preferred that an the isotropic transition
temperature T, of the liquid crystalline compound used in
the invention has, preferably, from 100 to 180° C., more
preferably, from 100 to 165° C., and, particularly preferably,
from 100 to 150° C.

[0152] Inthehybrid alignment, an angle between the physi-
cal axis of symmetry of the liquid crystalline compound of the
invention and a plane of an optical anisotropic layer, that is, an
angle of inclination increases or decreases along with
increase in the depth of the optical anisotropic layer (that is, a
distance in the direction perpendicular to the optical aniso-
tropic layer and from the plane of the polarizer).

[0153] For the change of the angle of inclination, continu-
ous increase, continuous decrease, intermittent increase,
intermittent decrease, change including continuous increase
and continuous decrease or intermittent change including
increase and decrease is possible. The intermittent change
includes a region where the angle of inclination does not
change in the course along the direction of the thickness, it
may suffice that the angle is increased or decreased as a whole
even when a region in which the angle does not change is
included. However, the angle of inclination is preferably
changed continuously.

[0154] Generally, the average direction of the physical axis
of symmetry of a discotic liquid crystalline compound can be
adjusted by selecting the type of the discotic liquid crystalline
compound or the alignment layer. Further, the direction of the
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physical axis of symmetry of the discotic liquid crystalline
compound at the surface side (at the air side) can be controlled
generally by selecting the type of the discotic liquid crystal-
line compound or the additive used together with the discotic
liquid crystalline compound.

[0155] Examples of the additive used together with the
discotic liquid crystalline compound can include, for
example, plasticizers, surfactants, polymerizable monomers,
polymers and low molecular compounds. The extent for the
change of the alignment direction of the major axis can also
be controlled in the same manner as described above by the
selection of the liquid crystalline compound and the additive.
[0156] As the plasticizer and the polymerizable monomer
used together with the liquid crystalline compound of the
invention, those having a compatibility with the liquid crys-
talline compound of the invention and capable of providing
change to the angle of inclination of the discotic liquid crys-
talline compound, or those not inhibiting the alignment are
adopted.

[0157] The surfactant is preferably a fluoro-compound. As
the fluoro-surfactant, a compound, for example, showing by
the following structural formula can be used.
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crystalline compound) is high, and the tilt angle of the liquid
crystal director at the air boundary side (between the air
boundary and the direction of the director of the liquid crys-
talline compound) is low. The director of the discotic liquid
crystalline compound is vertical to the discotic plane. How-
ever, in a case where the tilt angle at the alignment layer side
is closeto vertical, it is difficult to strengthen the control force
for the azimuth angle alignment of the liquid crystalline mol-
ecules near the alignment layer. By decreasing the tilt angle at
the alignment layer side, the alignment control force in the
azimuth angle direction can be strengthened and uniform
alignment is possible. The tilt angle at the alignment layer
side is preferably, from 40 to 75° and, more preferably, from
50to 70°. For controlling the tilt angle at the alignment layer
side, a known method, for example, of changing the vapor
deposition angle of the oblique vapor deposition alignment
layer can be used.

(Design for Increasing the Director Angle According to the
Distance from the Alignment Layer Side to the Air Boundary
Side)

[0162] It is preferred to decrease the tilt angle at the align-
ment layer side for improving the alignment control force for

—CH,CH- CH,CH-

CH,CH—

)\ (CFy)F )\ )\
o O/\/ 2)6 o o—c4HgoOCOZOCN 0 O— (CH,CHO)nH
[

a/b/c = 40/10/50 (wt %)

[0158] In the invention, the thickness of the optical aniso-
tropic layer is, preferably, from 0.1 to 20 um, more preferably,
from 0.2 to 5 um, further preferably, from 0.3 to 2 um and,
furthermore preferably, from 0.4 um to 1 um.

[0159] Since not uniform alignment caused at the boundary
of the alignment layer is made uniform by the liquid crystal
order as being apart from the alignment layer, the alignment
can be made uniform more easily by increasing the film
thickness. For controlling the retardation when the film thick-
ness is increased, it is necessary to decrease the refractive
index anisotropy of the optical anisotropic layer. For the
method, while a method of using a liquid crystalline com-
pound having less refraction index anisotropy, a method of
adding non-liquid crystalline compound, or amethod of poly-
merization at a high temperature of lowering the liquid crystal
order parameter may be considered, use of a liquid crystalline
compound of small refractive index anisotropy is preferred
with a view point of suppressing the fluctuation of liquid
crystals.

[0160] In the invention, while a single kind of a liquid
crystalline compound may be used, plural kinds of com-
pounds are used preferably in combination. In the invention,
acombination of a discotic liquid crystalline compound and a
rod-like liquid crystalline compound is also preferred.

(Control for Tilt Angle at the Alignment Layer Side)

[0161] Generally, in existent alignment control for discotic
liquid crystalline compound, the tilt angle of a liquid crystal
director at the alignment layer side (between the plane of the
alignment layer and the direction of the director of the liquid

CHj;

the alignment layer and the liquid crystals. However, in a case
where both the tilt angle at the alignment layer side and the tilt
angle at the air boundary side are low, since this approaches
monoaxial inclined alignment, the (lower) gradation inver-
sion property is worsened. For compatibilizing with the
(lower) gradation inversion performance, it is preferred to
decrease the tilt angle at the alignment layer side, and increase
the tilt angle at the air boundary side. The tilt angle at the
alignment layer side is preferably from 0to 20°. The tilt angle
at the air boundary side is, preferably, from 30° to 90° and,
more Preferably, 60 to 90°.

[0163] For the method of lowering the tilt angle of the
liquid crystal director at the alignment layer side, a known
method, for example, of changing the vapor deposition angle
of an oblique vapor deposition alignment layer can be used.
Further, for controlling the tilt angle of the liquid crystal
director at the air boundary to about 90°, a method, for
example, described in JP-A-2005-128050 can be used.
[0164] Further, the tilt angle of the liquid crystal director at
the alignment layer side can be lowered by the alignment
layer providing high alignment control force. Also, the tilt
angle of the liquid crystal director at the alignment layer side
can be lowered by using exemplified compounds in para-
graphs (0010) to (0016) and (0042) to (0063) in JP-A-2006-
11350 and exemplified compounds in paragraphs (0209) to
(0238) in JP-A-2006-195140.

(Polarizing Plate)

[0165] The invention also relates to a polarizing plate hav-
ing at least an optical compensation sheet of the invention and
a polarizer.
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[0166] The polarizer and the optical compensation sheet of
the invention can be bonded by utilizing a pressure sensitive
adhesive or an adhesive. As the pressure sensitive adhesive or
the adhesive, materials of excellent transparency are pre-
ferred. Examples of the adhesive include polymer adhesives
such as of acrylic type, vinyl alcohol type, silicone type,
polyester type, polyurethane type, and polyether type, isocy-
anate type adhesives, and rubber type adhesives. Examples of
the pressure sensitive adhesives include those pressure sen-
sitive adhesives such as of acrylic type, vinyl alcohol type,
silicone type, polyester type, polyurethane type, polyether
type, isocyanate type, and rubber type.

[0167] It is preferred that the adhesive layer interposed
between the polarizer and the optical compensation sheet of
the invention is thinner and, for example, the thickness is
preferably about 10 pm or less and, more preferably, about 5
um or less.

[0168] As the polarizer, a polarizer, for example, obtained
by dyeing a polyvinyl alcohol film with iodine and stretching
the same is used.

[0169] A protective film is preferably bonded also to the
other surface of the polarizer and, as such protective film,
cellulose acylate film, cyclopolyolefine polymer film, etc. are
used.

(Liquid Crystal Display)

[0170] The optical compensation sheet and the polarizing
plate of the invention can be used for liquid crystal displays of
various display modes such as TN (Twisted Nematic), IPS
(In-Plane Switching), FLC (Ferroelectric Liquid Crystal),
OCB (Optically Compensatory Bend), STN (Supper Twisted
Nematic), VA (Vertically Aligned), and HAN (Hybrid
Aligned Nematic).

(TN Mode Liquid Crystal Device)

[0171] The TN mode liquid crystal cell is utilized most
frequently as the color TFT liquid crystal display and
described in various documents. In the alignment state in the
liquid crystal cell at the black display of the TN mode, rod-
like liquid crystalline molecules stand up in the central por-
tion of the cell and the rod-like liquid crystalline molecules
turn down near the substrate of the cell.

(Relation with the Driving Voltage for Liquid Crystal Cell)
[0172] Upon black display, when the driving voltage for the
liquid crystal cell is lowered, it turns to direction where the
gradation inversion less occurs. In this case, it is necessary to
increase the Re value of the optical anisotropic layer as the
specification required for the optical compensation sheet in
the form of coating the liquid crystalline compound on the
transparent substrate as in the invention.

[0173] Inthe existent optical compensation sheet, as the Re
value of the optical anisotropic layer is increased, the contrast
tends to be lowered in inverse proportion.

[0174] When the film of the invention is used, since liquid
crystalline molecules contained in the optical anisotropic
layer are aligned uniformly, the contrast can be maintained
without lowering while keeping the Re value of the optical
anisotropic layer to some extent.

(Measuring Method for Retardation and Tilt Angle of Direc-
tor)

[0175] As described above, in the present invention, Re (A),
and Rth (1) represent the in-plane retardation and the retar-
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dation in the thickness direction respectively, at the wave-
length A.. Re(A) and the tilt angle of the director of the liquid
crystalline compound are measured in KOBRA 21ADH or
WR (manufactured by Oji Scientic Instruments Co.) by inci-
dence of light at a wavelength (M) in the direction of the
normal line to the film. Upon selection of the measuring
wavelength Anm, measurement can be conducted by
exchanging a wavelength selection filter manually or convert-
ing measured values by a program or the like.

[0176] In a case where the film to be measured is repre-
sented by a uniaxial or biaxial refractive index ellipsoid, Rth
(1) is calculated by the following method.

[0177] Rth(}) is calculated in KOBRA 21 ADH or WR by
measuring the Re(\) at 6 points in total by the incidence of a
light of a wavelength of Xnm with the retardation axis in the
plane (judged by KOBRA 21 ADH or WR) being as an axis of
inclination (axis of rotation) in a case where the retardation
axis it not present, an optional direction in the plane of the film
is assumed as the axis of rotation), at each of 10° steps up to
50° relative to the direction of the normal line of the film on
one side of the normal direction in each direction of inclina-
tion, based on the measured retardation value, the assumed
value for the average refraction index, and the inputted value
for film thickness.

[0178] Inthe measurement described above, in a case of a
film having a direction where the value of the retardation
becomes O at a certain angle of inclination from the normal
direction with the retardation axis in the plane being as a
rotational angle, a retardation value at a larger angle of incli-
nation than the certain angle of inclination is calculated by
KOBRA 21 ADH or WR after inverting the sign to the nega-
tive polarity.

[0179] Rthcanbecalculated also by the following Equation
(1) and (IT) with the retardation axis as an axis of inclination
(axis of rotation) (in a case where the axis of retardation is not
present, an optional direction in the film plane is defined as an
axis of rotation) by measuring the retardation value from two
optional inclined directions, and based on the measured
value, the assumed value for the average refractive index, and
the inputted value for film thickness.

ny xXng

{nysin(sin’l(y]]}z + "
{nzcos(sin’l (%_g) D}z

Re(0) = |nx — Equation (I)

d

Rth ={(nx + ny) /2 —nz} xd Equation (IT)

[0180] Inthe formulae, Re(8)represents a retardation value
in the direction inclined by an angle 6 from the direction of the
normal line.

[0181] Further, nx represents a refractive index in the direc-
tion of the retardation axis in the plane. ny represents a refrac-
tive index in the direction perpendicular to nx in the plane, nz
represents a refractive index in the direction perpendicular to
nx and ny, and d represents a film thickness.

[0182] Rth (A) is calculated by the following method in a
case of a film where the film to be measured cannot be
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expressed by a uniaxial or biaxial refractive index ellipsoid,
that is, a film so-called with no optical axis.

[0183] Rth (&) is calculated in KOBRA 21 ADH or WR by
measuring Re (A) at 11 points by the incidence of a light of a
wavelength of Anm with the retardation axis in the plane
(judged by KOBRA 21 ADH or WR) being as an axis of
inclination (axis of rotation) at each of 10° steps from -50° to
+50° relative to the direction of the normal line of the film in
each direction of inclination, based on the measured retarda-
tion value, the assumed value for the average refractive index,
and the inputted value for film thickness.

[0184] In the measurement described above, for the
assumed value of the average refractive index, values in the
Polymer Handbook (JOHN WILEY & SONS, INC), and
values in Various catalogues for optical compensation sheets
can be used.

[0185] Further, those in which the value for the average
refractive index is not known can be measured by an Abbe
refractometer. Values for average refractive indexes for main
optical compensation sheets are exemplified below.

[0186] Cellulose acylate (1.48), cycloolefin polymer
(1.52), polycarbonate (1.59), polymethyl methacrylate
(1.49), and polystyrene (1.59).

[0187] By inputting the assumed value for the average
refractive index and the film thickness, nx, ny, nz are calcu-
lated by KOBRA 21ADH or WR. Nz=(nx-nz)/(nx-ny) is
further calculated based on the calculated nx, ny, and nz.

(Measuring Method for the Distribution of Alignment Axes)

[0188] An optical compensation sheet having a liquid crys-
tal layer is photographed by a digital camera by using a
polarization microscope in which polarizing plates are put in
the cross Nichol configuration at a magnification factor of
400x, while rotating the stage at an angle each by 0.5 degree
and within a range of 10 degree with the angle for the most
darkened stage as the center. Then, by conducting rotation
and parallel moving treatment for the image photographed by
the digital camera, the position of the image is aligned accu-
rately on the basis of the pixel unit. Then, the angle where the
image is most darkened is recorded on every pixel, and a
histogram formed by plotting the angle on the abscissa and
the number of most darkened pixels at the angle on the ordi-
nate to determine a half width value thereof.

[0189] As the polarization microscope, a known micro-
scope can be used and, for example, ECLIPSE E600POL
manufactured by Nikon Corp. can be used. Further, the rota-
tional and parallel moving treatment for the image described
above can be conducted by using a commercial program.
[0190] “Minute region” defined in the present specification
is a narrow region surrounded at um order and, specifically, a
region of about 0.1 pm to 500 um square. This is a region that
can be measured at the magnification factor of 400x by the
polarization microscope as described above and can be mea-
sured by using a measuring instrument of high resolution (for
example, “LCA-LU4A” manufactured by MEIRYO TECH-
NICA CORP.).

(Measuring Method for Film Contrast Value)

[0191] On a table, a fluorescent tube direct backlight light
source, a polarizing plate, a specimen, and another polarizing
plate are arranged orderly from below such that each of the
surfaces thereof is horizontal. In this case, the specimen and
the upper polarizing plate are made rotatable. A light emitted
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from the light source and transmitting the polarizing plate, the
specimen, and the polarizing plate successively was mea-
sured for the luminance in the vertical direction by using
BM-5A (manufactured by TOPCON CORP.). Upon mea-
surement, the upper polarizing plate is at first rotated in a state
with no specimen and aligned to a position where the lumi-
nance is darkest (cross Nichol configuration). Then, the speci-
men is inserted and the specimen is rotated under the cross
Nichol configuration to measure the minimum luminance.
Then, the polarizing plates are put in a parallel Nichol con-
figuration and the specimen is rotated to measure the maxi-
mum luminance. The film contrast was determined by (maxi-
mum luminance under the parallel Nichol configuration/
(minimum luminance under the cross Nichol configuration).

(Evaluation Method for the Film Plane Shape)

[0192] Polarizing plates were arranged under a cross
Nichol configuration on a schaukasten and a specimen was
arranged therebetween at a position where it was viewed
darkest as observed from the front. It was judged as below
depending on the view of unevenness when observed from an
oblique direction.

A: unevenness is not observed at all

B: unevenness is observed weakly

C: unevenness is observed intensely

(Evaluation Method for Display Performance)

[0193] Then, a liquid crystal display left in a room con-
trolled to 25° C., 60% RH for one week was measured for the
luminance in the black display (LO) and the white display
(L7) by using a measuring instrument (BM-5A, manufac-
tured by TOPCON CORP)) to calculate the frontal contrast
(L7/L.0). Further, in each of gradations of L1 where the frontal
luminance was 1/7 and L2 where it was 2/7 for L7, the angle
where the luminance was inverted in the lower direction was
measured as a lower gradation inversion angle.

[0194] Further, as tint evaluation for the view angle, the
distance on the u' v' space when the view angle was tilted by
60° from the front was calculated as ACu'v'. (u' v": color
coordinate in CIELAB space)

ACuv'=(u'(front)-2'(60°))2+(v'(front)-'(60°))%)%.
[0195] For the maximum amount of ACu'v' in all azimuth
angles, it was evaluated as
A: ACu'v' is less than 0.04
B: ACu'v' is from 0.04 to 0.10
C: ACu'v' is from 0.10 to 0.20
D: ACu'v' exceeds 0.20

[0196] Further, as the contrast evaluation for the view
angle, total for the contrast values in upper and lower and
right and left at the view angle of 80° was calculated and
evaluated as described below.

A: total of the contrast value for the view angle in Upper/
Lower Right/Left is 100 or more

B: total of the contrast value for the view angle in Upper/
Lower Right/Left is 50 to 100.

C: total of the contrast value for the view angle in Upper/
Lower Right/Left is 30 to 50.
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EXAMPLES
Example 1
Manufacture of Optical Compensation Sheet
(Manufacture of Substrate (S-1))
[0197] The following composition was charged in a mixing

tank and stirred while heating at 30° C. to dissolve each of the
ingredients to prepare a cellulose acetate solution.

TABLE 1

Inner Outer
Cellulose acetate solution composition (mass parts) layer layer
Cellulose acetate at 60.9% acetylation degree 100 100
Triphenyl phosphate (plasticizer) 7.8 7.8
Bipheny! diphenyl phosphate (plasticizer) 3.9 3.9
Methylene chloride (first solvent) 293 314
Methanol (second solvent) 71 76
1-butanol (third solvent) 1.5 1.5
Silica fine particles (AEROSIL R972, manufactured 0 0.8
by Nippon Aerosil Co.)
Retardation improver described below 1.7 0

Retardation improver
CHj

H;C

T

CH;

[0198] The dopes for the inner layers and the dope for the
outer layer obtained were cast on a drum cooled to 0° C. by
using a three layer cocasting die. A film with an amount of
residual solvent of 70 mass % was stripped from the drum,
and dried at 80° C. during transportation while fixing both
ends by a pin tenter at a draw ratio of 110% in the transpor-
tation direction and dried at 110° C. when the amount of the
residual solvent was decreased to 10%. Then, the film was
dried at a temperature of 140° C. for 30 min to produce a
cellulose acetate film with 0.3 mass % of the residual solvent
(outer layer: 3 pm, inner layer: 74 um, outer layer: 3 um). The
thus manufactured cellulose acetate film S-1 was measured
for optical properties.

[0199] The obtained cellulose acetate film had 1340 mm
width and 80 pum thickness. Re was 6 nm and Rth was 90 nm.

(Manufacture of Alignment Layer)

[0200] An oblique SiO deposition film with an angle of
inclination of 20° and a film thickness of about 400 angstrom
was formed on the prepared substrate S-1.

(Coating of Optical Anisotropic Layer)

[0201] The following composition was dissolved in 270 kg
of methylethyl ketone to prepare a coating solution.

13
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(Composition for Forming Optical Anisotropic Layer)

Liquid crystalline compound (1) shown below
Liquid crystalline compound (2) shown below

90.0 mass parts
10.0 mass parts

Fluoro-aliphatic group containing polymer-1 0.8 mass parts
shown below

Photopolymerization unitiator 3.0 mass parts
(IRGACURE 907, manufactured by Ciba Guigy)

Sensitizer (KAYACURE DETX, 1.0 mass parts

manufactured by NIPPON KAYAKU CO. LTD.)

(Liquid crystalline compound 1)
R

R R
o}
RN IPUSS Y
~N

(Liquid crystalline compound 2)
RO, OR

R=

(o]
|C|) )I\/
—cC 0—€CH, 30 A

Fluoro-aliphatic group containing polymer-1

—GCHZ—THWCHZ—([‘HW
COOCH,CH,CgF 13 COO\V\
O
2

[0202] The prepared coating solution was coated on the
surface of the alignment layer by using a #2.8 wire bar. The
coating amount was 4.8 mL/m>. Then, it was heated in a
thermostat bath at 120° C. for 300 sec to align the discotic
liquid crystalline compound. Then, crosslinking reaction was
proceeded by irradiation of UV-light at 80° C. for 1 min by
using a 160 W/cm high pressure mercury lamp to polymerize
the discotic liquid crystalline compound and, form an optical
anisotropic layer, thereby manufacturing an optical compen-
sation sheet C-1. The optical anisotropic layer had a film
thickness of 0.8 um and a retardation (550 nm) of 45 nm.
Further, the liquid crystal director angle on the side of the
alignment layer was 20°, and the liquid crystal director angle
on the side of the air boundary was 75°.

(Manufacture of Polarizing Plate)

[0203] A linear polarized film was manufactured by
adsorbing iodine to a stretched polyvinyl alcohol film. Then,
atriacetyl cellulose film (TAC-TD80U, manufactured by Fuji
Film Corp.) was saponified and bonded on one side of the
linear polarizer by using a vinyl alcohol type adhesive. Fur-
ther, the manufactured optical compensation sheet C-1 was
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bonded to the other surface of the linear polarizer by using a
polyvinyl alcohol type adhesive such that the rear face of the
substrate S-1 (surface on the side not formed with the optical
anisotropic layer) is on the side of the surface of the linear
polarizer to manufacture a polarizing plate (P-1). In this case,
the transportation direction of the substrate S-1 was made
parallel with the absorption axis of a polarizer.

(Manufacture of TN Mode Liquid Crystal Display)

[0204] A pair of polarizing plates (upper polarizing plate
and lower polarizing plate) disposed to a liquid crystal display
using a TN type liquid crystal cell (AL2216W, manufactured
by Acer Inc.) were peeled and, instead, the manufactured
polarizing plate P-1 was bonded by way of a pressure sensi-
tive adhesive to both surfaces of a liquid crystal cell such that
the manufactured optical compensation sheet C-1 was on the
side of the cell, such that the adsorption axis of the polarizer
is identical with that of the original liquid crystal display.

Comparative Example 1
Manufacture of Alignment Layer

[0205] A saponification treatment was applied on the sub-
strate S-1 prepared in Example 1 and the alignment layer
coating solution of the following composition was coated at
28 ml/m? by a #16 wire bar coater. It was dried by a warm
blow at 60° C. for 60 sec and further by a warm blow at 90° C.
for 150 sec to manufacture an alignment layer. The thickness
of the alignment layer after drying was 1.1 pm.

TABLE 2

(Composition for alignment layer coating solution)

Ingredient

Modified polyvinyl alcohol shown by the 10 mass parts
following structural formula (*)

Water 371 mass parts
Methanol 119 mass parts
Glutar aldehyde (crosslinking agent) 0.5 mass parts

Citric acid ester (AS-3, manufactured by Sankyo
Chemical Co.)

0.35 mass parts

(Modified polyvinyl alcohol*)
€ CHZ—(le %78

OH
€CH, _(le o

0—CO—CH;
—¢CH, —T’“H—)F

O—COOO—(CHZ)4—O—CO—CH=CHZ
(Aligning Treatment)

[0206] A rubbing treatment was applied to the surface of
the alignment layer on the substrate S-1 such that the align-
ment layer was aligned in parallel to a transportation direc-
tion. A rubbing roll was rotated at 450 rpm.

(Coating of Optical Anisotropic Layer)

[0207] An optical anisotropic layer was prepared in the
same manner as in Example 1, and a TN mode liquid crystal
display applying the thus prepared polarizing plate was
manufactured.
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[0208] The optical anisotropic layer had a film thickness of
0.8 um and retardation (550 nm) of 43 nm. Further, the liquid
crystal director angle was 85° at the alignment layer side and
the liquid crystal director angle was 15° at the air boundary
side.

Example 2

[0209] The following optical alignment compound was
coated as a 1 wt % solution in cyclohexanone on the substrate
S-1 prepared in Example 1 to form an optical alignment layer
0f 100 nm. A non-polarized UV-light was irradiated for 5 min
in a direction inclined by 45° C. from the normal line direc-
tion to the thus formed optical alignment layer by using a 160
W/em high pressure mercury lamp. Then, an optical aniso-
tropic layer was coated in the same manner as in Example 1 to
prepare an optical compensation sheet thereby manufacturing
a polarizing plate.

Optical alignment compound

Example 3

[0210] An optical compensation sheet and a polarizing
plate were manufactured in the same manner as in Compara-
tive Example 1 except for manufacturing the optical aniso-
tropic layer in Example 1 as described below.

(Manufacture of Optical Anisotropic Layer)

(Coating Solution Composition of Optical Anisotropic
Layer)

[0211] The following composition was dissolved in 97
mass parts of methyl ethyl ketone to prepare a coating solu-
tion.

Discotic liquid crystalline compound described below ~ 41.01 mass parts

Ethylene oxide modified trimethylol propane triacrylate  4.06 mass parts
(V#360, Osaka Organic Chemical Industry Ltd.)
Fluoro-aliphatic group containing polymer-1 0.56 mass parts
described below

Photo polymerization initiator

(IRGACURE 907 manufacturedby Ciba Geigy Co.)
Sensitizer (KAYACURE-DETX, manufactured by

Nippon Kayaku Co., Ltd.)

1.35 mass parts

0.45 mass parts
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-continued

Discotic liquid crystalline compound
R
R I
‘! ‘ R
R
R
R
R= —O

0—(CH,)3——0—CO—CH=CH,

Fluoro-aliphatic group containing polymer-1 (a/b = 90/10 wt %)

—€ CH,CH 30— CH,CH—
o O/\(CFZ)SP o OH
[0212] The prepared coating solution was coated on the

surface of the alignment layer by using a #5.0 wire bar. The
coating amount was 8.6 mL/m>. Then, it was heated in a
thermostat bath at 130° C. for 300 sec to align the discotic
liquid crystalline compound. Then, a UV-light was irradiated
at 80° C. for one min using a 160 W/cm high pressure mercury
lamp to proceed crosslinking reaction and polymerize the
discotic liquid crystalline compound to form an optical aniso-
tropic layer thereby manufacturing an optical compensation
sheet C-1. The optical anisotropic layer had a film thickness
of 2.5 pm and a retardation (550 nm) of 45 nm.

Example 4

[0213] An optical compensation sheet and a polarizing
plate were manufactured in the same manner as in Compara-
tive Example 1 except for blowing a uniform blow at 12.0 m/s
to the coating film surface in the direction along the rubbing
direction during heating at 120° C. in Comparative Example
1.

Example 5

[0214] In Comparative Example 1, magnetic fields were
applied in a direction inclined by 40° in the direction identical
with the direction of inclination of a discotic surface of the
liquid crystalline compound during drying at 120° C. and
irradiation of a UV-light at 80° C. The intensity of the mag-
netic fields was controlled to 0.7 tesla. An optical compensa-
tion sheet and a polarizing plate were manufactured in the
same manner as in Comparative Example 1 except for the
procedures described above.

Example 6

[0215] In Comparative Example 1, after coating the optical
anisotropic layer, it was heated in a thermostat bath at 140° C.
for 200 sec and then heated in a thermostat bath at 120° C. for
100 sec to align the discotic liquid crystalline compound. In
this case, the discotic liquid crystal showed an isotropic phase
in a thermostat bath at 140° C. and showed a nematic phase in
a thermostat bath at 120° C. An optical compensation sheet

15
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and a polarizing plate were manufactured in the same manner
as in Comparative Example 1 except for the procedures
described above.

Example 7

[0216] A coating solution was prepared by dissolving
41.01 g of the following discotic liquid crystalline compound,
4.06 g of ethylene oxide modified trimethylol propane acry-
late (V#360, manufactured by Osaka Organic Chemical
Industry Ltd.), 1.85 g of the following 1,3,5-triazine com-
pound, 1.35 g of a photopolymerization initiator (IRGA-
CURE 907, manufactured by Ciba Geigy Co.), and 0.45 g of
a sensitizer (KAYACURE-DETX, manufactured by Nippon
Kayaku Co., Ltd.) in 95 g of methyl ethyl ketone to prepare a
coating solution.

R

Discotic liquid crystalline compound

R: —O—CO@O—(CHZ)4—O—CO—CH=CH2

O(CH,CH,0),CgH 7
O(CH,CH,0),CsH7

31
N O(CH,CH,0)4CsH 7
|
NN
O(CH,CH,0)4CsH 7
NH

CH,7(OH,CH,C),0
O(CH,CH,0),CsH 5

1,3,5-triazine compound

[0217] In Comparative Example 1, after the alignment
treatment to the alignment layer, the coating solution was
coated on the alignment layer by a #4 wire bar. This was
bonded to a metal frame and heated in a thermostat bath at
120° C. for 30 sec to align the discotic liquid crystalline
compound. When a UV-light at 2] was irradiated by using a
high pressure mercury lamp in a state at 120° C. to polymerize
the discotic liquid crystalline compound and the state of
alignment was confirmed, the liquid crystalline compound
was aligned horizontally.

[0218] Then, after heating in a thermostat bath at 120° C.
for 30 sec as described above, temperature was changed to
80° C., a UV-light at 2] was irradiated by using a high pres-
sure mercury lamp to polymerize the discotic liquid crystal-
line compound. Then, it was allowed to cool to a room tem-
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perature. As described above, the optical anisotropic layer
was formed to manufacture an optical compensation sheet.
The liquid crystalline compound was hybrid-aligned and Re
of the optical anisotropic layer was 43 nm.

Example 8

[0219] In Comparative Example 1, after coating the optical
anisotropic layer and heating in a thermostat bath at 120° C.
for 300 sec, a film was passed over a roll at 120° C. and a roll
at 80° C. arranged at a distance of 2 cm. Immediately there-
after, a UV-light was irradiated at 80° C. for one min by using
a 160 W/cm high pressure mercury lamp to proceed
crosslinking reaction and polymerize the discotic liquid crys-
talline compound thereby forming an optical anisotropic
layer. An optical compensation sheet and a polarizing plate
were manufactured in the same manner as in Comparative
Example 1 except for the procedures described above.

Example 9

[0220] An optical compensation sheet and a polarizing
plate were manufactured in the same manner as in Compara-
tive Example 1 except for the procedures of irradiating a
UV-light at 30° C. for one min by using a 160 W/cm high
pressure mercury lamp after the coating and heating treat-
ment for the optical anisotropic layer to proceed the
crosslinking reaction and polymerize discotic crystalline
compound in Comparative Example 1.

Example 10

[0221] After coating the optical anisotropic layer in
Example 2, magnetic fields were applied in a direction
inclined by 40° in the direction identical with the direction of
inclination of the discotic surface of the liquid crystalline
compound during drying at 120° C. and irradiation of a UV-
light at 80° C. The intensity of the magnetic fields was con-
trolled to 0.7 tesla. An optical compensation sheet and a
polarizing plate were manufactured in the same manner as in
Example 1 except for the procedures described above.

Example 11

[0222] An optical compensation sheet and a polarizing
plate were manufactured in the same manner as in Example 1
except for applying identical magnetic fields with those in
Example 5 after coating the optical anisotropic layer in
Example 2.

Example 12

[0223] An optical compensation sheet and a polarizing
plate were manufactured in the same manner as in Example 1
except for applying the same heat treatment as in Example 6
after coating the optical anisotropic layer in Example 2.

Example 13

[0224] An optical compensation sheet and a polarizing
plate were manufactured in the same manner as in Example 1
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except for applying the same horizontal alignment treatment
as in Example 7 after coating the optical anisotropic layer in
Example 2.

Example 14

[0225] After coating the optical anisotropic layer in
Example 2, an optical anisotropic layer was formed in the
same manner as in Example 8. An optical compensation sheet
and a polarizing plate were manufactured in the same manner
as in Example 1 except for the procedures described above.

Example 15

[0226] After coating the optical anisotropic layer in
Example 2, an optical anisotropic layer was formed in the
same manner as in Example 9. An optical compensation sheet
and a polarizing plate were manufactured in the same manner
as in Example 1 except for procedures described above.

Example 16

[0227] An optical compensation sheet and a polarizing
plate were manufactured in the same manner as in Example 1
except for changing the oblique vapor deposition angle of the
inorganic alignment layer in Example 1 to 45°.

[0228] The liquid crystal director angle at the alignment
layer side was 45° and the liquid crystal director angle at the
air boundary side was 75° C. in the optical anisotropic layer.

Example 17

[0229] An alignment layer was manufactured while chang-
ing the oblique vapor deposition angle of the inorganic align-
ment layer in Example 1 to 85°.

[0230] As an optical anisotropic coating solution, a coating
solution was prepared by dissolving 41.01 g of the following
discotic liquid crystalline compound, 4.06 g of ethylene oxide
modified trimethylol propane acrylate (V#360, manufactured
by Osaka Organic Chemical Industry Ltd.), 1.00 g of the
following alignment controller, 1.35 g of a photopolymeriza-
tion initiator (IRGACURE 907, manufactured by Ciba Geigy
Co.), and 0.45 g of a sensitizer (KAYACURE-DETX, manu-
factured by Nippon Kayaku Co., Ltd.) in 95 g of methyl ethyl
ketone.

Discotic liquid crystalline compound

RO OR

i )I\/
HOO+CHZ+O /

Alignment controller
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-continued
Rl
X R!
RA )\ R?
)\ /I\
R? X N X R?

RI =R2 = O(CH,),0(CH, )(CF,)F, X =NH

[0231] The prepared coating solution was coated on the
surface of the alignment layer by using a #3.2 wire bar. Then,
it was heated in a thermostat bath at 130° C. for 300 sec to
align the discotic liquid crystalline compound. Then, a UV-
light was irradiated at 80° C. for one min by using a 160 W/cm
high pressure mercury lamp to proceed crosslinking reaction
and polymerize the discotic liquid crystalline compound to
form an optical anisotropic layer thereby manufacturing an
optical compensation sheet. The film thickness of the optical
anisotropic layer was 1.4 um. The retardation (550 nm) was
45 nm, the liquid crystal director angle at the alignment layer
side was 85° and the liquid crystal director angle at the air
boundary side was 0°.

Example 18

Design of Utilizing Increase of Front CR for the
Improvement of Grey-Scale Inversion by Combina-
tion with a Panel Controlled for Black Voltage

[0232] An optical compensation sheet and a polarizing
plate were manufactured in the same manner as in Example 1
except for applying the rubbing treatment while displacing
the rubbing direction by 4° from the transportation direction
of the substrate S-1 and coating the optical anisotropic layer
by a #2.8 wire bar in Example 1. The polarizing plate was
bonded to a liquid crystal display in the same manner as in
Example 1 such that the black display (LO) was set to a
gradation where the luminance is lowest.

Example 19

Manufacture of Alignment layer

[0233] A saponification treatment was applied on the sub-
strate S-1 prepared in Example 1 and the alignment layer
coating solution of the following composition was coated at
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24 mL/m® by a #14 wire bar coater. It was dried by a warm
blow at 100° C. for 120 sec to manufacture an alignment
layer. The thickness of the alignment layer after drying was
1.2 um. Next, a rubbing treatment was applied to the surface
ofthe alignment layer such that it was aligned in parallel to a
transportation direction. A rubbing roll was rotated at 400

rpm.

(Composition for alignment layer coating solution)

Polymer for alignment layer set forth below 40 mass parts

‘Water 700 mass parts
Methanol 300 mass parts
Triethylamine 20 mass parts

(Polymer for alignment layer)

(Coating of Optical Anisotropic Layer)

[0234] The coating solution of the following composition
was coated on the rubbing-treated surface of the alignment
layer by using a #2.8 wire bar. Then, it was heated in a
thermostat bath at 130° C. for 120 sec to align the discotic
liquid crystalline compound. Next, a UV-light was irradiated
at80° C. for one min using a 160 W/cm high pressure mercury
lamp to proceed crosslinking reaction and polymerize the
discotic liquid crystalline compound to form an optical aniso-
tropic layer. After that, it was left uncontrolled to be cooled to
a room temperature thereby manufacturing an optical com-
pensation layer.

(Composition for Forming Optical Anisotropic Layer)

Methylethyl ketone

Discotic liquid crystalline compound Al below

Air side alignment controller Bl below

Photo polymerization initiator (IRGACURE 907 manufactured by Ciba Geigy Co.)
Sensitizer (KAYACURE-DETX, manufactured by Nippon Kayaku Co., Ltd.)

270 mass pats
100 mass parts
1.0 mass part
3.0 mass parts

1.0 mass parts
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(Composition for Forming Optical Anisotropic Layer)

(Al
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[0235] The thus-obtained optical anisotropic layer had a
film thickness 0f 0.8 jum and a retardation (550 nm) of 44 nm.
The liquid crystal director angle at the alignment layer side
was 15° and the liquid crystal director angle at the air bound-
ary side was 70°.

[0236] The result for the evaluation of the performance of
the polarizing plate and the liquid crystal display in Examples

1to 18 and Comparative Example 1 is shown in the following
table. The production cost (production yield (estimated)) was
evaluated according to the following criteria.

A: yield at 90% or more

B: yield at 80 to 90%

C: yield at 60 to 80%

TABLE 3
Manufacturing method ~ Alignment axis of  Film Production Film  View View Grey-scale
Formulation for for alignment distribution contrast  front cost surface angle angle inversion

Alignment layer Half-width value  value contrast  (yield) state tint CR angle
Comp. Existent formulation Existent method 3.2° 3000 900 C A B B 35°
Example 1
Example 1 Inorganic alignment Existent method 2.0° 5000 1200 B A B B 35°
layer
Example 2 Optical alignment Existent method 1.5° 8000 1400 B A B B 35°
Example 3 Film thickness Existent method 2.0° 5000 1200 C A C A 35°
increased
Example4  Existent formulation Blowing alignment 2.0° 5000 1200 C A B B 35°
Example 5 Existent formulation Magnetic field 2.5¢° 4200 1050 C A B B 35°
alignment
Example 6  Existent formulation Via iso phase 2.5° 4200 1050 C A B B 35¢
Example 7 Existent formulation Horizontal alignment 2.0° 5000 1200 B B B B 35°
for disk surface
Example 8  Existent formulation Temperature 2.5° 4200 1050 C A B B 35°
difference
alignment
Example 9  Existent formulation Polymerization 2.5° 4200 1050 C A B B 35°
temperature reduced
Example 10 Optical alignment Blowing alignment 1.0° 10000 1500 B A B B 35¢
Example 11 Optical alignment Magnetic field 1.5° 8000 1400 B A B B 35¢
alignment
Example 12 Optical alignment Via iso phase via 1.5° 8000 1400 B A B B 35°
Example 13 Optical alignment Horizontal alignment 1.0° 10000 1500 A B B B 35°
for disk surface
Example 14  Optical alignment Temperature 1.5° 8000 1400 B A B B 35°
difference alignment
Example 15 Optical alignment Polymerization 1.5° 8000 1400 B A B B 35°

temperature: 30° C.
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TABLE 3-continued

Manufacturing method ~ Alignment axis of  Film Production Film View View Grey-scale
Formulation for for alignment distribution contrast  front cost surface angle angle inversion
Alignment layer Half-width value  value contrast (yield) state tint  CR angle
Example 16  Tilt angle changed Existent method 1.0° 10000 1500 B A C A 30°
Example 17  Tile angle changed Blowing alignment 1.0° 10000 1500 B B A C 35°
Example 18  Optical alignment Blowing alignment 1.0° 10000 1400 B A B B 45°
Example 19  Alignment layer Existent method 1.0° 10000 1500 B A A B 35°

providing high alignment
control force

What is claimed is:

1. An optical compensation sheet comprising: a transparent
substrate; and at least one optical anisotropic layer containing
a liquid crystalline compound, wherein the optical compen-
sation sheet has a film contrast value of 4000 or more, the film
contrast value being represented by formula (1).

film contrast value=(maximum luminance of the opti-
cal compensation sheet disposed between polarizing
plates arranged in a parallel Nichol configuration)/
(minimum luminance of the optical compensation
sheet disposed between the polarizing plates arranged

in a cross Nichol configuration) Formula (1)

2. The optical compensation sheet according to claim 1,
wherein a half-width value of an alignment axis distribution
of the liquid crystalline compound in a minute region is 3.0°
or less.

3. The optical compensation sheet according to claim 1,
wherein the liquid crystalline compound is hybrid-aligned.

4. The optical compensation sheet according to claim 1,
wherein the liquid crystalline compound is a discotic liquid
crystal.

5. The optical compensation sheet according to claim 1,
wherein a director tilt angle of the liquid crystalline com-
pound at a transparent substrate side of the optical anisotropic
layer is 40° to 75°.

6. The optical compensation sheet according to claim 1,
wherein a director tilt angle of the liquid crystalline com-
pound at a transparent substrate side of the optical anisotropic
layer is 0° to 20° and a director tilt angle of the liquid crys-
talline compound at an air boundary side of the optical aniso-
tropic layer is 30° to 90°.

7. The optical compensation sheet according to claim 1,
further comprising an optical alignment layer between the
transparent substrate and the optical anisotropic layer,
wherein the liquid crystalline compound is aligned by an
alignment control force provided by the optical alignment
layer.

8. The optical compensation sheet according to claim 1,
further comprising an inorganic alignment layer between the
transparent substrate and the optical anisotropic layer, formed
by oblique vapor deposition, wherein the liquid crystalline
compound is aligned by an alignment control force provided
by the inorganic alignment layer.

9. The optical compensation sheet according to claim 1,
wherein the optical anisotropic layer has a thickness 0o 2.0 pm
or more.

10. A method of manufacturing an optical compensation
sheet according to claim 1, comprising:

coating a composition containing a liquid crystalline com-

pound on a substrate having an alignment layer,

keeping the coated composition at a temperature of the
liquid crystalline compound forming a liquid crystal
phase to align the liquid crystalline compound in an
aligned state to form a pre-layer of the optical anisotro-
pic layer;

providing an alignment control force by eternal force on an

air boundary side of the pre-layer; and

fixing the liquid crystalline compound in the aligned state

to form optical anisotropic layer.
11. The method according to claim 10, wherein the provid-
ing of the alignment control force includes applying a uni-
form blow at a uniform rate of 3.0 m/s in a direction.
12. A method of manufacturing an optical compensation
sheet according to claim 1, comprising:
coating a composition containing a liquid crystalline com-
pound on a substrate having an alignment layer,

keeping the coated composition at a temperature of the
liquid crystalline compound forming a liquid crystal
phase to align the liquid crystalline compound in an
aligned state to form a pre-layer of the optical anisotro-
pic layer;

applying a magnetic field to the pre-layer; and

fixing the liquid crystalline compound in the aligned state

to form optical anisotropic layer.
13. A method of manufacturing an optical compensation
sheet according to claim 1, comprising:
coating a composition containing a liquid crystalline com-
pound on a substrate having an alignment layer,

keeping the coated composition at a temperature of the
liquid crystalline compound forming a liquid crystal
phase to align the liquid crystalline compound in an
aligned state to form a pre-layer of the optical anisotro-
pic layer;

causing a temperature difference of 10° C./m or more rela-

tive to a transportation direction of the substrate; and
fixing the liquid crystalline compound in the aligned state
to form optical anisotropic layer.
14. A method of manufacturing an optical compensation
sheet according to claim 1, comprising:
coating a composition containing a liquid crystalline com-
pound on a substrate having an alignment layer,

keeping the coated composition at a temperature of the
liquid crystalline compound forming a liquid crystal
phase to align the liquid crystalline compound in an
aligned state to form a pre-layer of the optical anisotro-
pic layer; and

fixing the liquid crystalline compound in the aligned state

to form optical anisotropic layer,

wherein the temperature in the keeping of the coated com-

position to align the liquid crystalline compound in the
aligned state is 40° C. or lower.
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15. A method of manufacturing an optical compensation
sheet according to claim 1, comprising:

coating a composition containing a liquid crystalline com-
pound on a substrate having an alignment layer,

keeping the coated composition at a temperature of the
liquid crystalline compound forming a liquid crystal
phase to align the liquid crystalline compound in an
aligned state to form a pre-layer of the optical anisotro-
pic layer; and

fixing the liquid crystalline compound in the aligned state
to form optical anisotropic layer,

wherein the keeping of the coated composition to align the
liquid crystalline compound in the aligned state
includes: keeping the coated composition for at least 20
sec at T, which is a temperature at or higher than a
nematic-isotropic phase transition temperature T, of
the composition; and applying to the coated composition
a heat treatment at T, lower than T, in this order.

16. A method of manufacturing an optical compensation

sheet according to claim 1, comprising:

coating a composition containing a liquid crystalline com-
pound on a substrate having an alignment layer,

keeping the coated composition at a temperature of the
liquid crystalline compound forming a liquid crystal
phase to align the liquid crystalline compound in an
aligned state to form a pre-layer of the optical anisotro-
pic layer; and

Mar. 10, 2011

fixing the liquid crystalline compound in the aligned state
to form optical anisotropic layer,

wherein the keeping of the coated composition to align the
liquid crystalline compound in the aligned state
includes: aligning a discotic surface of the liquid crys-
talline compound substantially horizontally; and chang-
ing an alignment direction of the liquid crystalline com-
pound along with a distance between the liquid
crystalline compound and the alignment layer.

17. A polarizing plate comprising an optical compensation
sheet according to claim 1.

18. A liquid crystal display comprising a polarizing plate
according to claim 17.

19. The liquid crystal, display according to claim 18,
wherein when a voltage for black display is set to be a voltage
at which a transmittance of the liquid crystal display not
containing the optical compensation sheet is within 1% to
10% relative to a white luminance in a voltage-transmittance
curve of the liquid crystal display not containing the optical
compensation sheet, a retardation of the optical compensa-
tion sheet and a bonding angle of the optical compensation
sheet with a polarizer of the polarizing plate are controlled
such that a black luminance is minimized at the voltage for
black display.
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