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(57) ABSTRACT

A polarizing plate with optical compensation layers that
performs a wide viewing angle compensation with respect to
a liquid crystal cell, allows circularly polarized light to be
obtained over a wide range of light wavelengths, contributes
to the reduction in thickness, prevents thermal irregularity
from occurring, and can effectively prevent light leakage
from occurring in a black display. The polarizing plate
includes a polarizer, a first optical compensation layer, and
a second optical compensation layer that are stacked
together in this order. The first optical compensation layer is
formed of a liquid crystal compound and has a relationship
of nx>ny=nz and an in-plane retardation Re of 100 to 170
nm. The second optical compensation layer has a relation-
ship of nx=ny>nz and a thickness direction retardation Rth,
of 30 to 400 nm. The angle formed between the absorption
axis of the polarizer and the slow axis of the first optical
compensation layer is in the range of “plus” or “minus™ 25
to 65 degrees.
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POLARIZING PLATE WITH OPTICAL
COMPENSATION LAYER, METHOD OF
PRODUCING THE SAME, AND LIQUID CRYSTAL
PANEL, LIQUID CRYSTAL DISPLAY, AND IMAGE
DISPLAY INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present patent application claims priority
based on prior-filed Japanese Patent Application No. 2006-
191246 (filing date: Jul. 12, 2006).

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to a polar-
izing plate with optical compensation layers, a method of
producing the same, and a liquid crystal panel, a liquid
crystal display, and an image display, each of which includes
the same.

[0004] 2. Description of the Related Art

[0005] A semitransparent-reflective liquid crystal display
has been proposed as a vertical alignment (VA) mode liquid
crystal display in addition to a transmission liquid crystal
display and a reflective liquid crystal display (see, for
example, JP11(1999)-242226 A and JP 2001-209065 A).
The semitransparent-reflective liquid crystal display allows
displays to be visible by using outside light in bright places
as in the reflective liquid crystal display and an internal light
source such as a backlight in dark places. In other words, the
semitransparent-reflective liquid crystal display employs a
display system of combination of the reflective and trans-
mission types. It switches the display mode into either a
reflective mode or a transmission mode according to the
brightness of the surrounding. Accordingly, the semitrans-
parent-reflective liquid crystal display can provide a clear
display even when the surrounding is dark, while reducing
consumption power. Therefore, it is used suitably for display
parts of mobile devices.

[0006] An example of such a semitransparent-reflective
liquid crystal display is a liquid crystal display that includes
an upper substrate, a lower substrate, a liquid crystal layer,
and a reflective film that is allowed to function as a semi-
transparent-reflective plate. The liquid crystal layer is sand-
wiched between the upper substrate and the lower substrate.
The reflective film is provided on the inner side of the lower
substrate and is formed of a metal thin film such as alumi-
num that is provided with a window formed for light
transmission. In this type of liquid crystal display, in the case
of the reflective mode, outside light incident from the upper
substrate side is transmitted through the liquid crystal layer,
is then reflected by the reflective film disposed on the inner
side of the lower substrate, is transmitted through the liquid
crystal layer again, and is then emitted from the upper
substrate side to contribute to the display. On the other hand,
in the case of the transmission mode, light emitted from a
backlight that has entered from the lower substrate side
passes through the window of the reflective film to pass
through the liquid crystal layer and is then emitted from the
upper substrate side to contribute to the display. Accord-
ingly, in the region where the reflective film is formed, the
region where the window is formed serves as a transmissive
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display region and the other region serves as a reflective
display region. However, in these VA mode liquid crystal
displays, especially liquid crystal displays of a reflection
type, a semitransparent type, and a semitransparent-reflec-
tive type, there is a problem in that light leakage is caused
in a black display which reduces the contrast. Accordingly,
there is a demand for the solution conventionally.

[0007] On the other hand, the liquid crystal display
requires a polarizing plate. An elliptically polarizing plate
including a retardation film stacked on a polarizing plate as
an optical compensation layer is used increasingly. The
elliptically polarizing plate is also referred to as a “polariz-
ing plate with optical compensation layers”. It is used for
supplying polarized light to the liquid crystal display while
providing wide viewing angle properties at the same time.
The polarizing plate with optical compensation layers is
required to have not only the wide viewing angle properties
but also a function that allows circularly polarized light to be
obtained over a wide range of light wavelengths and contrast
to be improved by preventing the above-mentioned light
leakage from occurring in a black display. Moreover, in
order to improve the brightness and to reduce the weight and
thickness of the liquid crystal display, it is also required to
improve the brightness and to reduce the weight and thick-
ness of the polarizing plate with optical compensation
layers. In addition, the polarizing plate with optical com-
pensation layers has a problem of “thermal irregularity”, that
is, optical functions become uneven due to heat. This
problem occurs because the thickness thereof is too thick.

SUMMARY OF THE INVENTION

[0008] Therefore, it is an object of the present invention to
provide a polarizing plate with optical compensation layers
that compensates the viewing angle with respect to a liquid
crystal cell, allows circularly polarized light to be obtained
over a wide wavelength range, contributes to an improve in
brightness and a reduction in thickness, prevents thermal
irregularity from occurring, and can effectively prevent light
leakage from occurring in a black display. Other embodi-
ments of the present invention are a liquid crystal panel, a
liquid crystal display, and an image display, each of which
includes the polarizing plate of the present invention.

[0009] A polarizing plate with optical compensation layers
of the present invention includes a polarizer, a first optical
compensation layer, and a second optical compensation
layer that are stacked together in this order. The first optical
compensation layer is formed of a liquid crystal compound
and has a relationship of nx>ny=nz and an in-plane retar-
dation Re, in the range of 100 to 170 nm. The second optical
compensation layer has a relationship of nx=ny>nz and a
thickness-direction retardation Rth, in the range of 30 to 400
nm. The angle formed between an absorption axis of the
polarizer and a slow axis of the first optical compensation
layer is in the range of 25 to 65 degrees in the clockwise
direction (-) or in the counterclockwise direction (+) with
respect to the absorption axis of the polarizer.

[0010] The liquid crystal panel of the present invention
includes a polarizing plate with optical compensation layers
of the present invention and a liquid crystal cell. The second
optical compensation layer is disposed on the side that is
close to the liquid crystal cell, and the second optical
compensation layer is disposed on the visible side of the
liquid crystal cell.
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[0011] The liquid crystal display of the present invention
is a liquid crystal display including a liquid crystal panel of
the present invention.

[0012] The image display of the present invention is an
image display including a polarizing plate with optical
compensation layers of the present invention.

[0013] A production method of the present invention is a
method of producing a polarizing plate with optical com-
pensation layers of the present invention. The production
method includes producing the first optical compensation
layer by applying a liquid crystal compound to a rubbing-
treated surface of a long base film that has been subjected to
a rubbing treatment to be treated to have alignment, and
fixing the alignment. The rubbing treatment is carried out by
the rubbing method (A) described below.

Rubbing Method (A)

[0014] Inarubbing treatment process where the surface of
the long base film is rubbed with a rubbing roll, the long base
film is supported and conveyed by a conveyer belt with a
metal surface, while a plurality of backup rolls are provided
to oppose the rubbing roll and to support the lower surface
of the conveyer belt supporting the long base film, and the
rubbing strength RS defined by Formula (1) below is set at
800 mm or higher.

RS=N-M(1+2nrnri) [0y

[0015] In Formula (1) above, N denotes the number of
times of rubbing (the number of rubbing rolls) (dimension-
less quantity), M indicates the indentation amount (mm) of
a rubbing roll, a denotes the ratio of the circumference of a
circle to its diameter, r indicates the radius (mm) of the
rubbing roll, nr denotes the rotational speed (rpm) of the
rubbing roll, and v indicates the rate of conveying the long
base film (mm/sec).

[0016] As described above, a polarizer, a first optical
compensation layer (A/4 plate), and a second optical com-
pensation layer (negative C plate) are stacked together in
this order (that is, the first optical compensation layer is
stacked adjacent to the polarizer), and the angle formed
between the absorption axis of the polarizer and the slow
axis of the first optical compensation layer is set in the
predetermined range. Accordingly, in liquid crystal displays,
for example, of a VA mode, wide viewing angle compen-
sation providing excellent diagonal contrast is performed
and circularly polarized light can be obtained over a wide
wavelength range. Thus, the brightness is improved, and the
light leakage in a black display can be improved consider-
ably. Furthermore, in the polarizing plate with optical com-
pensation layers of the present invention, a first optical
compensation layer and a second optical compensation layer
that have predetermined optical properties are used in com-
bination, and the first optical compensation layer and the
polarizer are stacked together so that a predetermined angle
is formed between the slow axis of the first optical com-
pensation layer and the absorption axis of the polarizer.
Thus, it is possible to omit the A/2 plate that is used in a
conventional wide-viewing-angle elliptically polarizing
plate. Preferably, the polarizing plate with optical compen-
sation layers of the present invention does not contain a A/2
plate. But it may contain a A/2 plate. Moreover, the first
optical compensation layer is formed of a liquid crystal
compound. Therefore the total thickness can be reduced.
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Accordingly, the weight and thickness can be reduced, and
thermal irregularity can be prevented from occurring.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a schematic cross-sectional view of an
example of the polarizing plate with optical compensation
layers according to the present invention.

[0018] FIG. 2 is an exploded perspective view of an
example of the polarizing plate with optical compensation
layers according to the present invention.

[0019] FIG. 3 is a schematic cross-sectional view of an
example of the liquid crystal panel according to the present
invention.

[0020] FIG. 4 is a schematic cross-sectional view of
another example of the liquid crystal panel according to the
present invention.

[0021] FIGS. 5(a) and 5(b) each are a schematic cross-
sectional view for explaining an example of the alignment
state of liquid crystal molecules in a liquid crystal layer in
the case where a liquid crystal display of the present
invention employs a VA mode liquid crystal cell.

[0022] FIG. 6 is a schematic cross-sectional view of a
liquid crystal panel according to an example of the present
invention.

[0023] FIG. 7 is a perspective view showing an example
of a method of producing a polarizing plate with optical
compensation layers according to the present invention.

[0024] FIGS. 8(a) and 8(5) each are a partial front view of
FIG. 7.
[0025] FIG. 9 show radar charts illustrating the contrast

ratios of a liquid crystal panel of an example of the present
invention and a liquid crystal panel of a comparative
example.

DETAILED DESCRIPTION OF THE
INVENTION

[0026] In the polarizing plate with optical compensation
layers of the present invention, the thickness of the first
optical compensation layer is, for example, in the range of
0.5 to 3 um.

[0027] In the polarizing plate with optical compensation
layers of the present invention, the second optical compen-
sation layer can be configured so as to include a cholesteri-
cally aligned and solidified layer having a selective reflec-
tion wavelength range of 350 nm or shorter.

[0028] In the polarizing plate with optical compensation
layers of the present invention, the thickness of the second
optical compensation layer is, for example, in the range of
1 to 20 pm.

[0029] In the polarizing plate with optical compensation
layers of the present invention, the second optical compen-
sation layer has a relationship of nx=ny>nz and can be
configured so as to include a layer formed of a film con-
taining resin having an absolute value of photoelastic coef-
ficient of 2x107* m*N or lower and a cholesterically
aligned and solidified layer having a selective reflection
wavelength range of 350 nm or shorter.
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[0030] In the polarizing plate with optical compensation
layers of the present invention, the second optical compen-
sation layer can be configured so as to be a layer formed of
a non-liquid crystal polymer. In this case, the non-liquid
crystal polymer is at least one polymer selected from the
group consisting of polyamide, polyimide, polyester, poly-
etherketone, polyaryletherketone, polyamide imide, and
polyesterimide.

[0031] Inthe liquid crystal panel of the present invention,
the liquid crystal cell is preferably of a VA mode or an ECB
mode.

DEFINITIONS OF TERMS AND SYMBOLS

[0032] Definitions of the terms and symbols used in the
present invention are as follows:

[0033] (1) “nx” denotes a refractive index in the direction
in which the highest in-plane refractive index is obtained
(i.e. the slow axis direction), “ny” indicates a refractive
index in an in-plane direction perpendicular to the slow axis
(i.e. the fast axis direction), and “nz” denotes a refractive
index in the thickness direction. Furthermore, for example,
“nx=ny” or “ny=nz” embraces not only the case where nx
and ny, or ny and nz are exactly equal to each other but also
the case where nx and ny, or ny and nz are substantially
equal to each other. In the present invention, the phrase
“substantially equal” denotes that the following case is also
embraced, i.e. the case where nx and ny, or ny and nz are
different from each other within the range in which overall
polarization properties of the polarizing plate with optical
compensation layers are not affected practically.

[0034] (2) The term “in-plane retardation Re” is an in-
plane retardation of a film (layer) that is measured using
light with a wavelength of 590 nm at 23° C., for example.
Re can be determined by the formula, Re=(nx-ny)xd, where
nx and ny denote the refractive indices in the slow axis
direction and the fast axis direction of the film (layer) at a
wavelength of 590 nm, and d (nm) indicates the thickness of
the film (layer), for example.

[0035] (3) The thickness direction retardation Rth denotes
the thickness direction retardation measured using light with
a wavelength of 590 nm at 23° C., for example. Rth can be
determined by the formula, Rth=(nx-nz)xd, where nx and
nz denote the refractive indices in the slow axis direction and
the thickness direction of the film (layer) at a wavelength of
590 nm, and d (nm) indicates the thickness of the film
(layer), for example.

[0036] (4) The subscript “1” attached to terms and sym-
bols used in the present invention denotes the first optical
compensation layer. The subscript “2” indicates the second
optical compensation layer. On the other hand, the subscript
“C” denotes the cholesterically aligned and solidified layer.

[0037] (5) The term “A/4 plate” refers to one having a
function of converting linearly polarized light with a certain
wavelength to circularly polarized light (or vice versa). In
the A/4 plate, the in-plane retardation of the film (layer) is
approximately one fourth with respect to a certain light
wavelength (generally, in the visible light region).

[0038] (6) The term “A/2 plate” refers to one having a
function of converting linearly polarized light of a certain
oscillation direction to linearly polarized light of an oscil-
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lation direction orthogonal to that of the former linearly
polarized light, or right-handed circularly polarized light to
left-handed circularly polarized light (or vice versa). In the
M2 plate, the in-plane retardation of the film (layer) is
approximately half with respect to a light wavelength (gen-
erally, in the visible light region).

[0039] (7) The term “cholesterically aligned and solidified
layer” denotes a layer in which the constituent molecules of
the layer have a helical structure, the helical axis thereof is
aligned substantially perpendicular to the plane direction,
and the alignment state is fixed. Accordingly, the term
“cholesterically aligned and solidified layer” embraces not
only the case where the liquid crystal compound exhibits a
cholesteric liquid crystalline phase but also the case where
the non-liquid crystal compound has a similar structure to
that of the cholesteric liquid crystalline phase. For example,
the “cholesterically aligned and solidified layer” can be
formed as follows. That is, the liquid crystal compound is
provided with a twist using a chiral dopant in the state where
the liquid crystal compound exhibits a liquid crystalline
phase to be aligned in a cholesteric structure (helical struc-
ture), which is then subjected to a polymerization treatment
or crosslinking treatment, so that the alignment (cholesteric
structure) of the liquid crystal compound is fixed.

[0040] (8) The phrase “a selective reflection wavelength
range of 350 nm or shorter” denotes that the center wave-
length A of the selective reflection wavelength range is 350
nm or shorter. For example, when the cholesterically aligned
and solidified layer is formed using a liquid crystal mono-
mer, the center wavelength A of the selective reflection
wavelength range is represented by the following formula:

h=nxP

where n denotes an average refractive index of the liquid
crystal monomer, and P indicates the helical pitch (nm) of
the cholesterically aligned and solidified layer. The average
refractive index n is expressed as (n_+n,)/2 and is generally
in the range of 1.45 to 1.65. In this case, n, denotes the
ordinary light refractive index of the liquid crystal monomer,
and n_ indicates the extraordinary light refractive index of
the liquid crystal monomer.

(9) The “chiral dopant” is a compound having a function of
aligning a liquid crystal compound (for example, a nematic
liquid crystal) so that it has a cholesteric structure.

(10) The term “twisting power” denotes an ability of a chiral
dopant to give a twist to a liquid crystal compound to align
it into a cholesteric structure (helical structure). Generally,
the twisting power is expressed by the following formula:

Twisting power=1/(Px¥)

where P denotes the helical pitch (nm) of the cholesterically
aligned and solidified layer as described above, and W
indicates the weight ratio of the chiral dopant. The weight
ratio W can be expressed as: W=[X/(X+Y)]x100, where X
denotes the weight of the chiral dopant, and Y indicates the
weight of the liquid crystal compound.

(11) The term “long film” or “long base film” denotes a film
(or a base film) which has a certain level of length to be able
to be conveyed by a conveyer belt. In the present invention,
the term “long film” or “long base film” denotes, for
example, a film so-called “long film” or “long base film” in
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the technical field of polarizing plate with optical compen-
sation layers, polalyzers, optical compensation films, and so
on.

A. Polarizing Plate with Optical Compensation Layers

A-1. Overall Configuration of Polarizing Plate with Optical
Compensation Layers

[0041] FIG.1 is a schematic cross-sectional view showing
an example of the polarizing plate with optical compensa-
tion layers according to the present invention. FIG. 2 is an
exploded perspective view for explaining optical axes of the
respective layers of the polarizing plate with optical com-
pensation layers shown in FIG. 1. As shown in FIG. 1, this
polarizing plate with optical compensation layers 10 is
configured with a polarizer 11, a first optical compensation
layer 12, and a second optical compensation layer 13 that are
stacked together in this order. The respective layers of the
polarizing plate with optical compensation layers are
stacked together through any suitable pressure-sensitive
adhesive layer or any suitable adhesive layer (not shown). A
suitable protective film (not shown) may be stacked on the
side of the polarizer 11 where the optical compensation
layers are not formed. Furthermore, a protective film (not
shown) may be provided between the polarizer 11 and the
first optical compensation layer 12 as required.

[0042] The first optical compensation layer 12 is formed
of a liquid crystal compound and has a relationship of
nx>ny=nz and an in-plane retardation Re, in the range of
100 to 170 nm. Preferably, the first optical compensation
layer has a thickness direction retardation Rth,, for example,
in the range of 100 to 170 um. The second optical compen-
sation layer 13 has a relationship of nx=ny>nz and a
thickness direction retardation Rth, in the range of 30 to 400
nm. In the second optical compensation layer, the in-plane
retardation Re, is, for example, in the range of 0 to 20 nm,
preferably in the range of 0 to 10 nm, and more preferably
in the range of 0 to 5 nm. The first optical compensation
layer and the second optical compensation layer are
described in detail in sections A-2 and A-3 later, respec-
tively.

[0043] 1InFIG. 2, the first optical compensation layer 12 is
stacked so that the slow axis B thereof defines a predeter-
mined angle o with respect to an absorption axis A of the
polarizer 11. With respect to the angle o, that of counter-
clockwise with respect to the absorption axis A of the
polarizer 11 is “plus”, and that of clockwise is “minus”. In
FIG. 2, since the angle o is that of counterclockwise with
respect to the absorption axis A of the polarizer 11, it is
“plus”. With respect to the absorption axis A of the polarizer
11, the angle a is in the range of +25 to +65 degrees or -25
to —65 degrees, preferably in the range of +30 to +60 degrees
or =30 to —-60 degrees, and more preferably in the range of
+35 to +55 degrees or =35 to =55 degrees. Furthermore, the
second optical compensation layer 13 is stacked at any
suitable angle with respect to the absorption axis A of the
polarizer 11. When the first optical compensation layer
having specific optical properties in such a specific posi-
tional relationship is stacked, light leakage caused in a black
display of, for example, a VA mode liquid crystal display can
be prevented considerably.

[0044] The total thickness of the polarizing plate with
optical compensation layers of the present invention is, for
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example, in the range of 100 to 250 um, preferably in the
range of 110 to 240 um, and more preferably in the range of
120 to 230 um. According to the present invention, excellent
optical compensation can be achieved with the first optical
compensation layer (A4 plate described later) and the sec-
ond optical compensation layer (negative C plate described
later) alone. As a result, the polarizing plate with optical
compensation layers of the present invention can have, for
example, a three-layer (the polarizer, the first optical com-
pensation layer, and the second optical compensation layer)
structure at the minimum. Thus, the number of layers thereof
can be reduced by one layer with compared to that of a
conventional polarizing plate with optical compensation
layers that requires a A/2 plate. Furthermore, in the polar-
izing plate with optical compensation layers of the present
invention, since the first optical compensation layer is
formed of a liquid crystal compound, a large in-plane
retardation Re, can be obtained even when the thickness
thereof is reduced. As a result, the polarizing plate with
optical compensation layers of the present invention can be
reduced in total thickness. Moreover, when the second
optical compensation layer is formed, for example, of a
composition containing a liquid crystal monomer and a
chiral dopant, or a non-liquid crystal polymer, a very large
thickness direction retardation Rth, can be obtained even
when the layer is reduced in thickness. As a result, the
second optical compensation layer can be very thin. For
example, while a conventional negative C plate formed by
biaxial stretching has a thickness of at least 60 pm, the
second optical compensation layer used in the present inven-
tion can be reduced in thickness to about 1 um. The suitable
selection of the material for forming the second optical
compensation layer as described above also allows the
polarizing plate with optical compensation layers of the
present invention to further be reduced in total thickness
accordingly. Thus, effects such as reductions in weight and
thickness and prevention of thermal irregularity can be
obtained. The polarizing plate with optical compensation
layers of the present invention can contribute considerably
to reductions in weight and thickness and an improvement in
display properties of an image display.

A-2. First Optical Compensation Layer

[0045] The first optical compensation layer 12 can func-
tion as a A/4 plate. When the first optical compensation layer
functions as a A/4 plate, the function of circular polarization
can be exhibited in a wide wavelength range. The in-plane
retardation Re, is in the range of 100 to 170 nm, preferably
in the range of 110 to 165 nm, and further preferably in the
range of 120 to 160 nm. Moreover, as described above, the
first optical compensation layer 12 has a refractive index
distribution of nx>ny=nz.

[0046] The thickness of the first optical compensation
layer is, for example, in the range of 0.5 to 3 pum, preferably
in the range of 0.7 to 2.5 pm, and more preferably in the
range of 1 to 2 um.

[0047] As described above, the material for forming the
first optical compensation layer is a liquid crystal com-
pound. The liquid crystal compound is not particularly
limited but is preferably a liquid crystal compound whose
liquid crystalline phase is a nematic phase (nematic liquid
crystal), for example. Examples of the liquid crystal com-
pound include a liquid crystal monomer and a liquid crystal
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polymer. The mechanism of expressing the liquid crystal-
linity of the liquid crystal compound can be lyotropic or
thermotropic. The alignment state of the liquid crystal is not
particularly limited but is preferably homogeneous align-
ment. The liquid crystal monomer and liquid crystal polymer
can be used individually or in combination.

[0048] Preferably, the liquid crystal monomer is, for
example, at least one of a polymerizable monomer and a
crosslinkable monomer. This is because the alignment state
of the liquid crystal monomer can be fixed through poly-
merization or crosslinking of the liquid crystal monomer as
described later. That is, after liquid crystal monomers are
aligned, for example, when the liquid crystal monomers are
polymerized or crosslinked to one another, a three-dimen-
sional network in which the liquid crystal monomers are
linked to one another is formed, which is non-liquid crys-
talline. Accordingly, the resultant first optical compensation
layer does not undergo, for example, phase change caused
by temperature change that are peculiar to the liquid crystal
compound, i.e. transition to a liquid crystalline phase, glassy
phase, or crystalline phase. As a result, the first optical
compensation layer is not affected by the temperature
change and therefore is very stable.
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[0049] Any suitable liquid crystal monomer can be
employed as the above-mentioned liquid crystal monomer.
Examples thereof include polymerizable mesogenic com-
pounds described, for example, in JP 2002-533742 A
(W000/37585), EP 358208 (U.S. Pat. No. 5,211,877), EP
66137 (U.S. Pat. No. 4,388453), WO 93/22397, EP
0261712, DE 19504224, DE 4408171, and GB 2280445.
Specific examples of such polymerizable mesogenic com-
pounds include 1.C242 (trade name) manufactured by BASF
AG, E7 (trade name) manufactured by Merck [td., and
LC-Sillicon-CC3767 (trade name) manufactured by
Wacker-Chemie GmbH).

[0050] For example, a nematic liquid crystal monomer is
preferred as the above-mentioned liquid crystal monomer.
Specific examples thereof include liquid crystal monomers
described in paragraphs 0035 to 0046 in JP 2003-287623 A.
Preferable liquid crystal monomers are those represented by
Chemical Formulas (1) to (16) described below. One of them
can be used individually, or two or more of them can be used
in combination.
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[0051] The temperature range in which the liquid crystal
monomer exhibits liquid crystallinity depends on the type
thereof. It is, for example, in the range of 40 to 120° C,,
preferably in the range of 50 to 100° C., and more preferably
in the range of 60 to 90° C.

[0052] Next, the first optical compensation layer can be
formed, for example, by applying the liquid crystal mono-
mer to the surface of a base film whose surface has been
subjected to an aligning treatment, aligning the liquid crystal
monomer, and polymerizing or crosslinking it to fix the
alignment state.

[0053] The base film is not particularly limited. Examples
thereof include films formed of triacetyl cellulose (TAC),
polyolefin such as polyethylene, polypropylene, or poly(4-
methyl pentene-1), polyimide, polyimide amide, polyether-
imide, polyamide, polyether ether ketone, polyether ketone,
polyketone sulfide, polyethersulfone, polysulfone, polyphe-
nylene sulfide, polyphenylene oxide, polyethylene tereph-
thalate, polybutylene terephthalate, polyethylene naphtha-
late, polyacetal, polycarbonate, polyarylate, acrylic resin,
polyvinyl alcohol, polypropylene, cellulose plastics, epoxy
resin, and phenolic resin. Furthermore, it is also possible to
use as a base film a laminate including any one of the
above-mentioned films and a birefringent stretched film that
is stacked as an alignment film and that is obtained, for
example, by subjecting a film to a stretching treatment such
as uniaxial stretching. The form of the base film is preferably
a form of a long film. The long film has a certain level of
length to be able to be conveyed by a conveyer belt. The
length of the long film is not particularly limited.

[0054] The aligning treatment for the base film is not
particularly limited. Examples thereof include a mechanical
aligning treatment, a physical aligning treatment, and a
chemical aligning treatment. Examples of the mechanical
aligning treatment include a rubbing treatment and a stretch-
ing treatment. Examples of the physical aligning treatment
include a magnetic field aligning treatment and an electric
field aligning treatment. Examples of the chemical aligning
treatment include an oblique deposition process and a photo-
aligning treatment. Among those, the rubbing treatment is
preferred.

[0055] As described above, since in the polarizing plate
with optical compensation layers of the present invention,
the angle formed between the direction of the slow axis of
the first optical compensation layer and the direction of the

-0 O\/\/\/\O)k/

absorption axis of the polarizer is preferably in the range of
+25 to +65 degrees or =25 to -65 degrees, the alignment
direction to be employed in the aforementioned aligning
treatment is preferably one that satisfies this condition.
Generally, the polarizer is produced by stretching a long
polymer film dyed with a dichroic material. Accordingly, the
resultant polarizer may also be obtained in the form of a long
film. The absorption axis of the long film forming the
polarizer is in the stretching direction, i.e. in the longitudinal
direction of the long film. In the production of the polarizing
plate with optical compensation layers of the present inven-
tion, from the viewpoint of production efficiency, it is
preferable that a long first optical compensation layer be
stacked on a polarizer formed of a long film, which is then
cut into a suitable size. In this case, when the base film is a
long film, the alignment direction employed in the above-
mentioned aligning treatment is preferably an oblique direc-
tion that allows the aforementioned angle to be obtained
with respect to the longitudinal direction thereof. As
described later, however, when the first optical compensa-
tion layer is transferred to the polarizer, the slow axis of the
first optical compensation layer is inversed after transfer.
Accordingly, it is preferable that the alignment direction be
determined with consideration given to this.

[0056] A preferable method of subjecting the long base
film to an aligning treatment is one in which while the base
film is conveyed with rolls, a rubbing treatment is carried out
continuously with a rubbing roll. The alignment direction
can be adjusted by directing the rubbing roll to a predeter-
mined direction with respect to the direction in which the
base film is conveyed.

[0057] When a base film is wound around a roll, which is
then conveyed to be subjected to a rubbing treatment,
blocking (a phenomenon that bases adhere to one another
without having an optical interface) may be caused in the
base film wound around the roll before it is subjected to the
rubbing treatment. In such a base film, there is a problem in
that since the surface state of the portion where blocking has
occurred is changed, even when the rubbing treatment is
carried out, the portion where blocking has occurred and the
portion other than that may be different in alignment prop-
erties from each other and thereby no uniform alignment
state (uniform optical properties) may be obtained due to the
occurrence of a domain in an applied liquid crystal com-
pound. Therefore, even when using a base film that may be
suffered from blocking, it is preferable that the rubbing
treatment be carried out by the rubbing method (A) as
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described above to form an optical compensation layer
having uniform optical properties at low cost. When this
rubbing treatment is carried out, a first optical compensation
layer having uniform optical properties can be formed thinly
at low cost.

[0058] That is, the rubbing method (A) is a method in
which in a rubbing treatment process where the surface of a
long base film is rubbed with a rubbing roll, the long base
film is supported and conveyed by a conveyer belt with a
metal surface, while a plurality of backup rolls are provided
to support the lower surface of the conveyer belt supporting
the long base film and to oppose the rubbing roll, and the
rubbing strength RS defined by Formula (1) below is set at
800 mm or higher. The rubbing strength RS is preferably at
least 850 mm, more preferably at least 1000 mm, further
preferably at least 2200 mm, and most preferably at least
2600 mm. The upper limit of the rubbing strength RS is not
particularly limited, but is, for example, 21000 mm or less,
preferably 18000 mm or less, more preferably 16000 mm or
less, and further preferably 15000 mm or less. When the
rubbing strength RS is 21000 mm or less, problems such as
a breakage of the long base film tend not to be caused. From
this point of view, the upper limit of the rubbing strength RS
is further preferably 10000 mm or less and particularly
preferably 5000 mm or less.

RS=N-M(1+2nrnriv) (1)

[0059] In Formula (1) above, N denotes the number of
times of rubbing (the number of rubbing rolls) (dimension-
less quantity), M indicates the indentation amount (mm) of
a rubbing roll, it denotes the ratio of the circumference of a
circle to its diameter, r indicates the radius (mm) of the
rubbing roll, nr denotes the rotational speed (rpm) of the
rubbing roll, and v indicates the rate of conveying the long
base film (mm/sec).

[0060] The aforementioned method achieves low cost
because (1) even if the indentation amount of the rubbing
roll is allowed to increase, the rubbing treatment can be
carried out in a stable state, with a plurality of backup rolls
being provided for supporting the lower surface of the
conveyer belt that supports and conveys the long base film
in carrying out the rubbing treatment, (2) even when block-
ing has occurred in the long base film, uniform alignment
properties (uniform optical properties) can be obtained by
setting the value of the parameter referred to as the “rubbing
strength” to at least a predetermined value, and (3) the
rubbing treatment can be carried out continuously with
respect to the long base film by a roll to roll method. In the
above-mentioned method, the phrase “the indentation
amount of the rubbing roll” denotes an indentation amount
(the amount of change in position) of the rubbing roll into
the long base film from an original point (point zero), with
the position where the rubbing roll comes into contact with
the long base film surface first being taken as the original
point, in the case where the position of the rubbing roll is
changed with respect to the long base film surface. The
rubbing roll is preferably one with raised cloth wound
therearound. In the case of a rubbing roll with raised cloth
wound therearound, the “radius of the rubbing roll” denotes
the radius including the raised cloth. The original point of
the “indentation amount of the rubbing roll” is referred to the
position where the raised cloth comes into contact with the
long base film surface first.
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[0061] In the rubbing method, the flatness of the conveyer
belt supported with backup rolls tends to be improved by
providing a plurality of bar-shaped backup rolls in parallel
with each other, with the backup rolls supporting the lower
surface of the conveyer belt that conveys and supports the
long base film when the rubbing treatment is carried out. In
this case, when the center distance of adjacent backup rolls
is set to shorter than 50 mm, it is inevitably necessary to
reduce the outer diameters of the backup rolls. In this case,
if the rate of conveying the long base film is constant, the
backup rolls rotate at a higher speed during the rubbing
treatment as compared to the case where the backup rolls
have larger outer diameters. The heat generated thereby may
cause problems in that, for example, the long base film
supported by the conveyer belt may be deformed. On the
other hand, when the center distance of adjacent backup rolls
is set to longer than 90 mm, there is a problem in that the
flatness of the conveyer belt decreases and thereby irregu-
larities in alignment tend to occur to cause defective appear-
ance. Accordingly, in order to avoid such problems, the
center distance of adjacent backup rolls is set preferably in
the range of 50 mm to 90 mm and more preferably in the
range of 60 mm to 80 mm. This preferable configuration
allows the long base film to be provided with further uniform
alignment properties and in turn makes it possible to form an
optical compensation layer with further uniform optical
properties.

[0062] When the outer diameter (diameter) of the backup
rolls is set to smaller than 30 mm, provided that the rate of
conveying the long base film is constant, the backup rolls
rotate at a higher speed during the rubbing treatment as
compared to the case where the backup rolls have larger
outer diameters. The heat generated thereby may cause
problems in that, for example, the long base film supported
by the conveyer belt may be deformed. On the other hand,
when the outer diameter of the backup rolls is set to larger
than 80 mm, there is a problem in that the flatness of the
conveyer belt decreases, thereby irregularities in alignment
tend to occur to cause defective appearance. Therefore, the
outer diameter of the backup rolls is set preferably in the
range of 30 mm to 80 mm (more preferably 40 mm to 70
mm).

[0063] The rubbing method is particularly effective when
the base film is a TAC film. Preferably, the TAC film is one
that has been saponified. Saponification of the TAC film can
prevents the phenomenon of destructing the optical com-
pensation layer (i.e. so-called “blocking™) from occurring
when a base film (TAC film) with an optical compensation
layer formed thereon is wound up in the roll form.

[0064] Furthermore, the raised cloth to be used is prefer-
ably any one of rayon, cotton, nylon, and a mixture thereof.

[0065] In order to provide the conveyer belt with flexibil-
ity while preventing it from becoming slack easily, the
thickness of the conveyer belt is preferably in the range of
0.5 to 2.0 mm and more preferably in the range of 0.7 to 1.5
mn.

[0066] An example of the rubbing method is described
below with reference to the drawings.

[0067] FIG. 7is a perspective view showing the schematic
configuration of a rubbing processor for carrying out the
rubbing method (A). As shown in FIG. 7, the rubbing
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processor includes: drive rolls 1 and 2; an endless conveyer
belt 3 that is installed between the drive rolls 1 and 2 and that
supports and conveys a long base film F; a rubbing roll 4
disposed above the conveyer belt 3 in a vertically movable
manner; and a plurality (five in this example) of bar-shaped
backup rolls 5 that are disposed to support the lower surface
of the conveyer belt 3 supporting the long base film F and
to oppose the rubbing roll 4. For example, a suitable static
elimination equipment and dust removal equipment can be
disposed before or after the rubbing processor as required.

[0068] In the conveyer belt 3, the surface located on the
side supporting the long base film F is a mirror-finished
metal surface (the whole conveyer belt 3 can be made of
metal). Various metal materials such as copper and steel can
be used for such metal. However, from the viewpoints of
strength, hardness, and durability, the use of stainless steel
1s preferable. In order to obtain a close contact with the long
base film F, the level of mirror finish is preferably 0.02 pm
or less and more preferably 0.01 um or less in terms of
arithmetic average surface roughness Ra (JIS B 0601-1994
version). Furthermore, in order to prevent the long base film
F from slacking, it is necessary to prevent the conveyer belt
3 supporting it from slacking. When consideration is given
to the necessity of not only preventing the conveyer belt 3
from slacking but also providing it with a certain level of
flexibility to install it between the drive rolls 1 and 2, the
thickness of the conveyer belt 3 is preferably in the range of
0.5 to 2.0 mm and more preferably in the range of 0.7 to 1.5
mm. Moreover, with consideration given to the prevention
of slacking of the conveyer belt 3 and the tensile strength of
the conveyer belt 3, the tension to be applied to the conveyer
belt 3 is preferably in the range of 0.5 to 20 kgf/mm?® and
more preferably in the range of 2 to 15 kgf/mm®.

[0069] The rubbing roll 4 includes raised cloth wound
around the outer peripheral surface. For example, the mate-
rial and shape of the raised cloth can be selected suitably
according to the material of the long base film F to be
subjected to the rubbing treatment. Generally, rayon, cotton,
nylon, or a mixture thereof can be used for the raised cloth.
The rotation axis of the rubbing roll 4 according to this
example is configured so that it can be tilted (with, for
example, a tilt angle of 0 to 45 degrees) from the direction
perpendicular to the direction in which the long base film F
is conveyed (i.e. the direction indicated with an arrow in
FIG. 7), that is, so that it can be set at any axial angle with
respect to the long side (longitudinal direction) of the long
base film F. The direction in which the rubbing roll 4 rotates
can be selected suitably according to the conditions for the
rubbing treatment.

[0070] As described above, a plurality of backup rolls 5
are disposed so as to support the lower surface of the
conveyer belt 3 supporting the long base film F and to
oppose the rubbing role 4. Since a plurality of backup rolls
5 are provided, even if the rubbing roll 4 indents the long
base film F, with the rotation axis thereof being tilted, or
even if the indentation amount of the rubbing roll 4 is
increased, the rubbing treatment can be carried out stably.

[0071] When the base film F is subjected to the rubbing
treatment using the rubbing processor, the long base film F
wound around a predetermined roll (not shown) is fed onto
the conveyer belt 3 through a plurality of conveyer rolls (not
shown). With the drive rolls 1 and 2 being driven and
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rotated, the upper part of the conveyer belt 3 moves in the
direction shown with the arrow in FIG. 7 and thereby the
long base film F is also conveyed together with the conveyer
belt 3 and it is subjected to the rubbing treatment with the
rubbing roll 4.

[0072] In the rubbing treatment process of the present
invention, the rubbing strength RS defined by Formula (1)
described below is set at 800 mm or higher.

RS=N-M(1+2nrnriv) (1)

[0073] FIGS. 8(a) and 8(b) each are a partial front view
illustrating the rubbing processor shown in FIG. 7. FIG. 8(a)
1s a front view showing the vicinity of the rubbing roll 4, and
FIG. 8(b) is an enlarged front view showing the vicinity of
the place where the rubbing roll 4 and the base film F surface
are in contact with each other. As described earlier, in
Formula (1) above, N denotes the number of times of
rubbing (corresponding to the number of rubbing rolls 4, i.e.
1 in this example) (dimensionless quantity), M indicates the
indentation amount (mm) of the rubbing roll 4, n denotes the
ratio of the circumference of a circle to its diametert, r
indicates the radius (mm) of the rubbing roll 4 (including the
raised cloth 4a), nr denotes the rotational speed (rpm) of the
rubbing roll, and v indicates the rate of conveying the base
film F (mm/sec). As shown in FIG. 8(b), the indentation
amount M of the rubbing roll denotes an amount of indent-
ing the rubbing roll 4 into the long base film F from the
original point (an amount of indenting the long base film F
into a position indicated with a sold line in FIG. 8(5)), with
the position where the outer edge of the raised cloth 4a
wound around the rubbing roll 4 comes into contact with the
long base film F surface first (the position indicated with a
broken line in FIG. 8(5)) being taken as the original point
(point zero), in the case where the position of the rubbing
roll 4 is changed with respect to the long base film F surface.

[0074] As described before, when the rubbing strength RS
is set at 800 mm or higher, uniform alignment properties can
be provided even if blocking has occurred in the long base
film F, and it in turn is possible to produce optical compen-
sation layers with uniform optical properties. The material of
the base film F to be subjected to the rubbing treatment
according to this example is not particularly limited as long
as it is provided with a function that can align the liquid
crystal compound applied to the surface as described later by
subjecting the surface thereof or the alignment film formed
on the surface to the rubbing treatment. The aforementioned
base film can be used for the base film F. As described above,
this rubbing treatment is effective, for example, for a TAC
film that tends to suffer from blocking, and a preferable TAG
film is one saponified.

[0075] The rubbing treatment conditions (respective
parameters) other than the rubbing strength RS set at 800
mm or higher can be selected arbitrarily. The rate v of
conveying the base film F is, for example, in the range of 1
to 50 m/min and preferably in the range of 1 to 10 m/min.
The rotational speed nr of the rubbing roll 4 is, for example,
in the range of 1 to 3000 rpm and preferably in the range of
500 to 2000 rpm. The indentation amount M of the rubbing
roll 4 is, for example, in the range f 100 to 2000 pm and
preferably in the range of 100 to 1000 pm.

[0076] In this example, with respect to a plurality of
bar-shaped backup rolls 5 disposed substantially in parallel
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with one another, the center distances (L1 to L4 shown in
FIG. 8) of adjacent respective backup rolls § each are set in
the range of 50 mm to 90 mm (more preferably in the range
of 60 mm to 80 mm) as a preferable configuration. With this
configuration, the flatness of the convever belt 3 that is
supported by the backup rolls 5 tends to be improved.
Furthermore, since the center distances L1 to L4 each are set
at 50 mm or longer (this inevitably increase the outer
diameter of the backup rolls to some extent), the backup
rolls 5 do not rotate at high speed during the rubbing
treatment. Accordingly, the heat generated thereby tends not
to cause problems such as deformation of the long base film
F supported by the conveyer belt 3. Furthermore, since the
center distances [.1 to L4 each are set at 90 mm or shorter,
the flatness of the conveyer belt 3 does not deteriorate and
the long base film F can be provided with uniform alignment
properties. The outer diameter of each backup roll 5 is set
preferably in the range of 30 mm to 80 mm (more preferably
40 mm to 70 mm). When the outer diameter of the backup
roll 5 is set at 30 mm or larger, the backup rolls 5§ do not
rotate at high speed during the rubbing treatment. Accord-
ingly, the heat generated thereby tends not to cause problems
such as deformation of the long base film F supported by the
conveyer belt 3. When the outer diameter of each backup roll
is set at 80 mm or smaller, the flatness of the conveyer belt
3 does not deteriorate, and the long base film F can be
provided with uniform alignment properties. In this
example, the description was made using an example in
which the backup rolls 5 are bar-shaped rolls. However, the
present invention is not limited to this. A plate provided with
a plurality of spherical bodies (bearing plate) also can be
used as the backup rolls.

[0077] Next, a liquid crystal monomer is applied to the
surface, which has been subjected to the aligning treatment,
of the base film thus obtained. For the application, a coating
solution is prepared in which liquid crystal monomer and
other components are dissolved or dispersed in a solvent.

[0078] Preferably, the coating solution contains a poly-
merization initiator and a crosslinking agent. These poly-
merization initiator and crosslinking agent are not particu-
larly limited. The following can be used, for example.

[0079] Examples of the polymerization initiator include
benzoyl peroxide (BPO) and azobisisobutyronitrile (AIBN).
Examples of the crosslinking agent include isocyanate
crosslinking agent, an epoxy crosslinking agent, and a metal
chelate crosslinking agent. One of them can be used indi-
vidually, or two or more of them can be used in combination.
Moreover, the coating solution also can contain additional
additives. Examples of the additives include an antioxidant,
a denaturant, a surfactant, a dye, a pigment, a discoloration
preventing agent, and an ultraviolet absorber. Examples of
the antioxidant include phenolic compounds, amine com-
pounds, organic sulfur compounds, and phosphine com-
pounds. Examples of the denaturant include glycols, sili-
cones, and alcohols. The surfactant is used for smoothing the
optical compensation layer, for example. Examples thereof
include silicone surfactants, acrylic surfactants, and fluoro-
chemical surfactants.

[0080] The solvent used for the coating solution is not
particularly limited. Examples thereof include: halogenated
hydrocarbons such as chloroform, dichloromethane, carbon
tetrachloride, dichloroethane, tetrachloroethane, methylene

Feb. 28, 2008

chloride, trichloroethylene, tetrachloroethylene, chloroben-
zene, and orthodichlorobenzene; phenols such as phenol,
p-chlorophenol, o-chlorophenol, m-cresol, o-cresol, and
p-cresol; aromatic hydrocarbons such as benzene, toluene,
xylene, mesitylene, methoxybenzene, and 1,2-dimethoxy-
benzene; ketone solvents such as acetone, methyl ethyl
ketone (MEK), methy! isobutyl ketone (MIBK), cyclohex-
anone, cyclopentanone, 2-pyrrolidone, and N-methyl-2-pyt-
rolidone; ester solvents such as ethyl acetate, butyl acetate,
and propyl acetate; alcohol solvents such as t-butyl alcohol,
glycerin, ethylene glycol, tricthylene glycol, ethylene glycol
monomethy] ether, diethylene glycol dimethyl ether, propy-
lene glycol, dipropylene glycol, and 2-methyl-2,4-pen-
tanediol; amide solvents such as dimethylformamide and
dimethylacetamide; nitrile solvents such as acetonitrile and
butyronitrile; ether solvents such as diethyl ether, dibutyl
ether, tetrahydrofuran, and dioxane; and carbon disulfide,
ethyl cellosolve, butyl cellosolve, and ethyl cellosolve
acetate. Among them, preferable solvents are toluene,
xylene, mesitylene, MEK, MIBK, cyclohexanone, ethyl
cellosolve, butyl cellosolve, ethyl acetate, butyl acetate,
propyl acetate, and ethyl cellosolve acetate. One of these
solvents may be used individually or two or more of them
may be used in combination.

[0081] The blending ratio ofthe liquid crystal monomer in
the coating solution is, for example, in the range of 5 to 50
wt %, preferably in the range of 10 to 40 wt %, and more
preferably in the range of 15 to 30 wt %, with respect to the
total weight of the coating solution.

[0082] Next, the coating solution is applied to the surface
of the base film that has been subjected to the aligning
treatment. The application method to be employed herein is
not particularly limited. Examples thereof include roll coat-
ing, spin coating, wire bar coating, dip coating, an extrusion
method, curtain coating, and spray coating. Among these
methods, spin coating and extrusion coating are preferable
considering the application efficiency. The amount of the
coating solution to be applied is not particularly limited. In
an example, when the concentration of liquid crystal mono-
mers in the coating solution is 20 wt %, the amount is, for
example, in the range of 0.03 to 0.17 ml, preferably in the
range of 0.05 to 0.15 ml, and more preferably in the range
of 0.08 to 0.12 ml, per unit area (100 cm?) of the base film.

[0083] After the application, the coating film formed on
the surface of the base film that has been subjected to the
aligning treatment is heated. The temperature condition for
the heating treatment can be determined suitably according
to, for example, the type of the liquid crystal monomer to be
used therein, specifically, the temperature at which the liquid
crystal monomer exhibits liquid crystallinity. It is, for
example in the range of 40 to 120° C., preferably in the
range of 50 to 100° C., and more preferably in the range of
60 to 90° C. Generally, when the above-mentioned tempera-
ture is at least 40° C., the liquid crystal monomer can be
sufficiently aligned. When it is 120° C. or lower, the number
of options of the base film increases in terms, for example,
of heat resistance. The time for the heat treatment is, for
example, in the range of 30 seconds to 10 minutes, prefer-
ably 1 minute to 8 minutes, and more preferably in the range
of 2 to 7 minutes.

[0084] After the drying treatment, the coating film is
subjected to one or both of a polymerization treatment and
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a crosslinking treatment. When the liquid crystal monomers
are polymerized or crosslinked through the polymerization
treatment or crosslinking treatment, the liquid crystal mono-
mers are linked to one another to form a three-dimensional
network and thereby the alignment state is fixed. When the
alignment state has been fixed in this manner, the three-
dimensional network is “non-liquid crystalline” and there-
fore phase transitions to the liquid crystalline phase, glassy
phase, and crystalline phase do not occur. The methods of
the polymerization treatment and the crosslinking treatment
are determined suitably according to, for example, the type
of the polymerization initiator and crosslinking agent to be
used. For example, when a photopolymerization initiator
and photocrosslinking agent are used, the coating film can be
irradiated with light. When an ultraviolet polymerization
initiator and an ultraviolet crosslinking agent are used, the
coating film can be irradiated with ultraviolet rays. Various
conditions such as irradiation time, irradiation intensity, and
irradiation amount of the light or ultraviolet rays can be
determined suitably according to, for example, the type and
amount of the liquid crystal monomers as well as the type of
polymerization initiator and crosslinking agent.

[0085] In this manner, a first optical compensation layer
can be formed on a base film. As shown in FIG. 1, the first
optical compensation layer 12 is disposed between the
polarizer 11 and the second optical compensation layer 13
together with or individually from the base film. When the
first optical compensation layer 12 is disposed together with
the base film, it is preferable that the base film serve as a
protective layer for the polarizer 11. In this case, the first
optical compensation layer 12 is disposed in such a manner
that the substrate film side thereof is located on the polarizer
11 side. From this point of view, the base film is preferably
a film that can serve as a protective layer. Examples of such
a film include those described later, and for example, a TAC
film is preferable. For the method of disposing the first
optical compensation layer 12, any suitable method can be
employed according to the intended use. Typically, the first
optical compensation layer 12 is provided with a pressure-
sensitive adhesive layer (not shown) on each side thereof
and is allowed to adhere to the polarizer 11 and the second
optical compensation layer 13. With the gaps between the
respective layers filled with the pressure-sensitive adhesive
layers, when it is incorporated into an image display, the
relationship between the optical axes of the respective layers
can be prevented from varying or the respective layers can
be prevented from being rubbed with each other and being
damaged. Furthermore, it is also possible to reduce the
reflection at the interface between the layers and thereby to
improve contrast when it is used in an image display.

[0086] The thickness of the pressure-sensitive adhesive
layer can be set suitably according to, for example, the
intended use and adhesion. Specifically, the thickness of the
pressure-sensitive adhesive layer is preferably in the range
of 1to 100 pm, more preferably in the range of 5 to 50 pum,
and most preferably in the range of 10 to 30 pm.

[0087] Any suitable pressure-sensitive adhesive can be
used as the pressure-sensitive adhesive for forming the
pressure-sensitive adhesive layer. Specific examples thereof
include a solvent based pressure-sensitive adhesive, a non-
aqueous emulsion based pressure-sensitive adhesive, a water
based pressure-sensitive adhesive, and a hot melt pressure-
sensitive adhesive. A solvent based pressure-sensitive adhe-
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sive containing an acrylic polymer as a base polymer is used
preferably. This is because it exhibits suitable sticking
characteristics (wettability, cohesiveness, and adhesiveness)
for the polarizer and the first optical compensation layer and
has excellent optical transparency, weather resistance, and
heat resistance.

[0088] Typical examples of the adhesive for forming the
adhesive layer include a curable adhesive. Typical examples
of the curable adhesive include energy-beam curable adhe-
sives, photocurable adhesives such as UV curable adhesives,
moisture-curable adhesives, and thermosetting adhesives.
Specific examples of the thermosetting adhesives include
thermosetting resin adhesives such as epoxy resin, isocyan-
ate resin, and polyimide resin. Specific examples of the
moisture-curable adhesives include a moisture-curable iso-
cyanate resin adhesive. The moisture-curable adhesive (par-
ticularly, the moisture-curable isocyanate resin adhesive) is
preferable. The moisture-curable adhesive is cured by react-
ing with, for example, moisture in the air, water adsorbed at
the surface of a part to be bonded, and active hydrogen
groups such as a hydroxyl group and a carboxyl group.
Accordingly, after application of an adhesive, parts are
bonded together, and then allowed to stand, so that the
adhesive is allowed to be cured. Therefore, it has excellent
handleability. Furthermore, since it is not necessary to heat
it to cure it, the second optical compensation layer is not
heated during stacking (adhesion). As a result, it is immune
to thermal shrinkage. Accordingly, even when the second
optical compensation layer is very thin as in the present
invention, it can be prevented considerably from, for
example, cracking during stacking. Moreover, the curable
adhesive hardly expands or contracts even when it is heated
after being cured. Therefore, even when the second optical
compensation layer is very thin and the resultant polarizing
plate is used under high temperature conditions, the second
optical compensation layer can be prevented considerably
from cracking, for example. The aforementioned isocyanate
resin adhesive is a generic term for polyisocyanate adhesives
and polyurethane resin adhesives.

[0089] The curable adhesive to be used can be, for
example, a commercial adhesive or can be prepared as a
curable resin adhesive solution (or dispersion) by dissolving
or dispersing various curable resins described above in a
solvent. When a solution (or a dispersion) is prepared, the
ratio of the curable resin contained in the solution is pref-
erably 10 to 80 wt %, more preferably 20 to 65 wt %,
particularly preferably 25 to 65 wt %, and most preferably
30 to 50 wt %, in terms of solid content weight. For the
solvent to be used, any suitable solvent can be employed
according to the type of the curable resin. Specific examples
thereof include ethyl acetate, methyl ethyl ketone, methyl
isobutyl ketone, toluene, and xylene. They can be used
individually or two or more of them can be used in combi-
nation.

[0090] The amount of the adhesive to be applied to the first
optical compensation layer can be set suitably according to
the intended use. For example, the amount of the adhesive
to be applied per unit area (cm®) of the first optical com-
pensation layer is preferably 0.3 to 3 ml, more preferably 0.5
to 2 ml, and most preferably 1 to 2 ml. After application, the
solvent contained in the adhesive is volatilized by natural
drying or drying by heating as required. The thickness of the
adhesive layer thus obtained is preferably 0.1 to 20 um, more
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preferably 0.5 to 15 pm, and most preferably 1 to 10 pm.
Furthermore, the indentation microhardness of the adhesive
layer is preferably 0.1 to 0.5 GPa, more preferably 0.2 t0 0.5
GPa, and most preferably 0.3 to 0.4 GPa. Since the corre-
lation between the indentation microhardness and the Vick-
ers microhardness is known, the indentation microhardness
can be expressed in terms of the Vickers microhardness. The
indentation microhardness can be calculated from indenta-
tion depth and indentation load by using, for example, a thin
film hardness tester (for example, MH4000 (trade name) and
MHA-400 (trade name)) manufactured by NEC Corpora-
tion.

A-3. Second Optical Compensation Layer

A-3-1. Overall Configuration of Second Optical Compen-
sation Layer

[0091] The second optical compensation layer 13 has a
relationship of nx=ny>nz and can serve as a so-called
negative C plate. Since the second optical compensation
layer has such a refractive index distribution, it can suitably
compensate the birefringent properties of the liquid crystal
layer, particularly of a VA mode liquid crystal cell. As a
result, a liquid crystal display with prominently improved
viewing angle properties can be obtained. As described
above, in the present invention, “nx=ny” embraces not only
the case where nx and ny are exactly equal to each other but
also the case where nx and ny are substantially equal to each
other. Accordingly, the second optical compensation layer
can have in-plane retardation and a slow axis. The in-plane
retardation Re, of the second optical compensation layer
(negative C plate) is, for example, 0 to 20 nm, preferably 0
to 10 nm, and further preferably 0 to 5 nm.

[0092] The thickness direction retardation Rth, of the
second optical compensation layer 13 is 30 to 400 nm,
preferably 60 to 260 nm, and most preferably 100 to 180 nm.
The thickness of the second optical compensation layer that
can obtain such thickness direction retardation can vary
according to, for example, the material to be used. For
example, the thickness of the second optical compensation
layer is preferably 1 to 60 um, more preferably 1 to 55 pum,
and most preferably 1 to 50 pm. When the second optical
compensation layer is composed of the below-mentioned
cholesterically aligned and solidified layer alone, the thick-
ness thereof is preferably 1 to 20 um, more preferably 1 to
15 pm, and most preferably 1 to 5 um. For example, when
the cholesterically aligned and solidified layer has a thick-
ness of about 2 um, the thickness direction retardation Rth,
is about 110 to 120 nm. As described above, the thickness of
the second optical compensation layer composed of a cho-
lesterically aligned and solidified layer alone is thinner than
that (for example, at least 60 um) of the negative C plate
formed by biaxial stretching. Thus, it can greatly contribute
to a reduction in thickness of image displays. Furthermore,
when the second optical compensation layer is formed to be
very thin, thermal irregularity can considerably be prevented
from occurring. Moreover, such a very thin optical compen-
sation layer is also preferable from viewpoints of, for
example, the prevention of irregularities in cholesteric align-
ment and a transmittance drop, selective reflection proper-
ties, prevention of coloration, and productivity. The second
optical compensation layer (negative C plate) in the present
invention can be formed of any suitable material, as long as
it allows the thickness and optical properties as described
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above to be obtained. Preferably, a very thin negative C plate
such as the above can be obtained by forming cholesteric
alignment with a liquid crystal compound and fixing the
cholesteric alignment, i.e. by using a cholesterically aligned
and solidified layer (the material for forming the cholesteric
alignment and the method of fixing the cholesteric alignment
are described later in detail). Furthermore, it is also prefer-
able that the second optical compensation layer is formed of
a non-liquid crystal polymer such as polyimide. In this case,
large thickness direction retardation Rth, can be obtained
even when it is thin. Accordingly, the thickness of the second
optical compensation layer can be reduced. The thickness of
the second optical compensation layer formed of a non-
liquid crystal polymer such as polyimide is, for example, in
the range of 0.5 to 3 um, preferably 0.7 to 2.5 pm, and more
preferably in the range of 1 to 2.5 pm. When a polarizing
plate with optical compensation layers of the present inven-
tion is used in a VA mode liquid crystal display, it is
preferable that the second optical compensation layer is
formed of a non-liquid crystal polymer such as polyimide.
This is because the polarizing plate with optical compensa-
tion layers of the present invention having a second optical
compensation layer formed of a non-liquid crystal polymer
such as polyimide matches well with a VA mode liquid
crystal display in wavelength dispersion characteristics, and
as a result, particularly good display properties can be
obtained.

[0093] The second optical compensation layer 13 is
formed, for example, of a cholesterically aligned and solidi-
fied layer with a selective reflection wavelength range of 350
nm or shorter. The upper limit of the selective reflection
wavelength range is further preferably 320 nm or shorter and
most preferably 300 nm or shorter. On the other hand, the
lower limit of the selective reflection wavelength range is
preferably at least 100 nm and further preferably at least 150
nm. When the selective reflection wavelength range exceeds
350 nm, it enters the visible light region and therefore, for
example, problems of coloration and decoloration may
occur in some cases. When the selective reflection wave-
length range is shorter than 100 nm, an excessively large
amount of chiral dopant (described later) is to be used and
thereby it is necessary to control the temperature extremely
accurately in forming the optical compensation layer. As a
result, the polarizing plate may be difficult to produce in
some cases.

[0094] The helical pitch in the cholesterically aligned and
solidified layer is preferably 0.01 to 0.25 um, more prefer-
ably 0.03 to 0.20 um, and most preferably 0.05 to 0.15 pum.
When the helical pitch is at least 0.01 pm, for example,
sufficient alignment can be obtained. When the helical pitch
is 0.25 um or shorter, for example, the optical rotatory power
on a shorter wavelength side of visible light can be suffi-
ciently suppressed and thereby, for example, light leakage
can be sufficiently prevented from occurring. The helical
pitch can be controlled through adjustment of the amount
and type (twisting power) of the chiral dopant described
later. With the adjustment of the helical pitch, the selective
reflection wavelength range can be controlled in a desired
range.

[0095] Moreover, the second optical compensation layer
13 may have a layered structure composed of the choles-
terically aligned and solidified layer and a layer formed of a
film (hereinafter also referred to as a “plastic film layer”)



US 2008/0049179 A1

that has a relationship of nx=ny>nz and that contains a resin
having an absolute value of a photoelastic coefficient of
210 m*/N or lower. Typical examples of the material that
can form the plastic film layer (resin that can satisfy such a
photoelastic coeflicient) include cyclic olefin resins and
cellulose resins. The cyclic olefin resins and cellulose resins
are described below in detail. A cellulose resin film (typified
by a TAC film) is a film having a relationship of nx=ny=>nz.

[0096] The absolute value of a photoelastic coeflicient of
the plastic film layer is 2x107* m*N or lower. With the
photoelastic coeficient being in the above-mentioned range,
the retardation change tends not to be caused when shrink-
age stress is generated during heating. Accordingly, a plastic
film layer exhibiting such a photoelastic coefficient can
prevent thermal irregularities from occurring in a resultant
image display. The photoelastic coeflicient is preferably in
the range of 2.0x107™" to 1.0x10™"* m*/N and more prefer-
ably in the range of 1.0x107"* to 1.0x107*" m?*/N.

[0097] The cyclic olefin resin is a generic term for resins
that are polymerized with cyclic olefin serving as a poly-
merization unit. Examples thereof include resins described
in JP 1(1989)-240517 A, JP 3 (1991)-14882 A, and JP 3
(1991)-122137 A. Specific examples thereof include ring-
opening (co)polymers of cyclic olefin, addition polymers of
cyclic olefin, copolymers of cyclic olefin and alpha-olefin
such as ethylene or propylene (typified by a random copoly-
mer), and grafted products obtained by modifying those with
unsaturated carboxylic acid or a derivative thereof, and
hydrides thereof. Specific examples of cyclic olefin include
norbornene monomers.

[0098] Examples of the norbornene monomers include
norbornene as well as alkyl- and alkylidene-substituted
products thereof, for example, S-methyl-2-norbornene,
5-dimethyl-2-norbornene, 5-ethyl-2-norbornene, 5-butyl-2-
norbornene, S-ethylidene-2-norbornene, and substitution
products thereof with a polar group such as a halogen;
dicyclopentadiene  and  2,3-dihydrodicyclopentadiene;
dimethano-octahydronaphthalene, alkyl- and/or alkylene-
substituted products thereof, and substitution products
thereof with a polar group such as a halogen, for example,
6-methyl-1,4:5,8-dimethano-1,4.4a,5,6,7,8,8a-octahy-
dronaphthalene, 6-ethyl-1,4:5,8-dimethano-1,4,4a,5.6,7,8,
8a-octahydronaphthalene, 6-ethylidene-1,4:5,8-dimethano-
1,4,42,5,6,7,8,8a-octahydronaphthalene,  6-chloro-1,4:5,8-
dimethano-1,4,4a,5,6,7,8,8a-octahydronaphthalene,
6-cyano-1,4:5,8-dimethano-1,4,4a,5,6,7,8 8a-octahy-
dronaphthalene, 6-pyridyl-1.4:5,8-dimethano-1,4,4a.5,6,7,
8,8a-octahydronaphthalene, and 6-methoxycarbonyl-1,4:5,
8-dimethano-1,4,4a,5,6,7,8,8a-octahydronaphthalene; and
trimers and tetramers of cyclopentadiene, for example,
4,9:5 8-dimethano-3a,4,4a,5,8,8a,9,9a-octahydro-1H-ben-
zoindene, and 4,11:5,10:6,9-trimethano-3a,4,4a,5,5a,6,9,9a,
10,10a,11,11a-dodecahydro-1H-cyclopentaanthracene.

[0099] In the present invention, other ring-opening poly-
merizable cycloolefins can be used in combination as long as
the object of the present invention is not impaired. Specific
examples of such cycloolefins include compounds having a
reactive double bond, such as cyclopentene, cyclooctene,
and 5.6-dihydrodicyclopentadiene.

[0100] In the cyclic olefin resins, the number average
molecular weight (Mn) determined by gel permeation chro-
matography (GPC) using a toluene solvent is preferably in

Feb. 28, 2008

the range of 25000 to 200000, more preferably in the range
of 30000 to 100000, and most preferably in the range of
40000 to 80000. A number average molecular weight in the
aforementioned ranges makes it possible to obtain a plastic
film layer with excellent mechanical strength as well as good
solubility, formability, and casting operability.

[0101] When the cyclic olefin resin is obtained through
hydrogenation of a ring-opening polymer of norbornene
monomers, a hydrogenation rate is preferably at least 90%,
more preferably at least 95%, and most preferably at least
99%. When the hydrogenation rate is in the ranges as
described above, the cyclic olefin resin has excellent thermal
degradation resistance and light degradation resistance.

[0102] Various products of the cyclic olefin resin are
commercially available. Specific examples thereof include:
“ZEONEX” and “ZEONOR” (trade names) manufactured
by Zeon Corporation; “ARTON” (trade name) manufactured
by ISR Corporation; “TOPAS” (trade name) manufactured
by Ticona; and “APEL” (trade name) manufactured by
Mitsui Chemical Corporation.

[0103] Any suitable cellulose resin (typically, an ester of
cellulose and an acid) may be employed as the cellulose
resin. An ester composed of cellulose and fatty acid is
preferred. Examples of such cellulose resin include cellulose
triacetate (triacetyl cellulose: TAC), cellulose diacetate, cel-
lulose tripropionate, and cellulose dipropionate. Among
them, TAC 1is preferred. This is because TAG has a low
birefringence and a high transmittance, many TAC products
are commercially available, and thus TAC is advantageous
in terms of availability and cost.

[0104] Examples of commercially available products of
TAC include: “UV-507, “UV-80”, “SH-507), “SH-80”, “TD-
80U”, “TD-TAC”, and “UZ-TAC” (trade names) manufac-
tured by Fuji Photo Film Co., Ltd.; “KC SERIES” (trade
name) manufactured by Konica Minolta Holdings, Inc.; and
“TRIACETYL CELLULOSE 80 MM SERIES” (trade
name) manufactured by Lonza Japan. Among them, “TD-
80U” is preferred because of excellent transmittance and
durability. “TD-80U” has excellent adaptability particular to
a TFT type liquid crystal display.

[0105] The plastic film layer can be produced by forming
the cyclic olefin resin or the cellulose resin into a film shape.
The forming method is not particularly limited. Examples
thereof include a compression molding method, a transfer
molding method, an injection molding method, an extrusion
molding method, a blow molding method, a powder molding
method, an FRP molding method, and a cast molding
(casting) method. Particularly, the extrusion molding
method and the cast molding (casting) method are preferred.
Since many molded films of the cyclic olefin resin or the
cellulose resin are commercially available, commercially
available films also can be used.

A-3-2. Liquid Crystal Composition for Forming Second
Optical Compensation Layer (Cholesterically Aligned and
Solidified Layer): Liquid Crystal Compound

[0106] The second optical compensation layer (cholesteri-
cally aligned and solidified layer) can be formed of a liquid
crystal compound. A liquid crystal compound whose liquid
crystalline phase is a nematic phase (i.e. a nematic liquid
crystal) is preferable as the liquid crystal compound. For
example, liquid crystal polymers and liquid crystal mono-
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mers can be used as such a liquid crystal compound. The
mechanism of expressing the liquid crystallinity of the liquid
crystal compound can be lyotropic or thermotropic. The
alignment state of the liquid crystal is preferably homoge-
neous alignment. As described later, the second optical
compensation layer is formed by using a liquid crystal
solution (coating solution) containing a liquid crystal com-
pound. The content of the liquid crystal compound in the
liquid crystal solution is preferably 75 to 95 wt % and more
preferably 80 to 90 wt %. When the content of the liquid
crystal compound is smaller than 75 wt %, it does not
sufficiently exhibit the liquid crystal state, which may result
in insufficient formation of cholesteric alignment. On the
other hand, a content of the liquid crystal compound exceed-
ing 95 wt % reduces the content of chiral dopant and thereby
twisting may not be sufficiently provided, which may result
in insufficient formation of cholesteric alignment.

[0107] The liquid crystal compound is preferably liquid
crystal monomers (for example, polymerizable monomers
and crosslinking monomers). This is because, as described
above, when liquid crystal monomers are polymerized or
crosslinked, the alignment state of the liquid crystal mono-
mers can be fixed. When, for example, the liquid crystal
monomers are polymerized or crosslinked to each other after
the liquid crystal monomers are aligned, the alignment state
can be fixed accordingly. In this case, polymers are formed
through the polymerization and a three-dimensional network
is formed through the crosslinking. These are non-liquid
crystalline. Therefore the second optical compensation layer
thus formed does not undergo transitions to a liquid crys-
talline phase, glassy phase, and crystalline phase caused by
temperature change that are peculiar to the liquid crystal
compound, for example. As a result, the second optical
compensation layer is an optical compensation layer that is
not affected by temperature change and that has very high
stability.

[0108] For the liquid crystal monomers, for example,
those described for the first optical compensation layer can
be used, and the temperature at which the liquid crystal
monomers exhibit liquid crystallinity may also be the same
as described above.

A-3-3. Liquid Crystal Composition for Forming Second
Optical Compensation Layer (Cholesterically Aligned and
Solidified Layer): Chiral Dopant

[0109] Preferably, the liquid crystal solution (liquid crystal
composition) that can form the second optical compensation
layer (cholesterically aligned and solidified layer) contains a
chiral dopant. The content of the chiral dopant in the liquid
crystal composition is preferably 5 to 23 wt % and more
preferably 8 to 20 wt %. When the content is smaller than 5
wt %, twist may not be sufficiently provided and thereby the
cholesteric alignment may not be sufficiently formed. As a
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result, it may be difficult to control the selective reflection
wavelength range of the resultant optical compensation layer
in a desired range (shorter wavelength side) in some cases.
In the case of a content exceeding 23 wt %, since the liquid
crystal compound is in a liquid crystal state in a very narrow
temperature range, the temperature needs to be controlled
highly accurately during formation of the optical compen-
sation layer. As a result, the production of a polarizing plate
may become difficult in some cases. One chiral dopant can
be used individually or two or more of them can be used in
combination.

[0110] Any suitable material that can align the liquid
crystal compound into a desired cholesteric structure can be
employed as the chiral dopant. For example, the twisting
power of such a chiral dopant is preferably at least 1x107°
nm™(wt %), more preferably 1x10™> nm™-(wt %)™" to
1x10 nm™(wt %), and most preferably 1x10~* nm="+(wt
%)™ to 1x107> nm™-(wt %)~". The use of a chiral dopant
having such twisting power makes it possible to control the
helical pitch of the cholesterically aligned and solidified
layer in a desired range. As a result, the selective reflection
wavelength range can be controlled in a desired range. For
example, in the case of using chiral dopants having the same
twisting power, the selective reflection wavelength range of
the resultant optical compensation layer is shifted to the
shorter wavelength side with an increase in the content of the
chiral dopant in the liquid crystal composition. On the other
hand, in the case where chiral dopants are contained in liquid
crystal compositions in the same amount, the selective
reflection wavelength range of the resultant optical compen-
sation layer is shifted to the shorter wavelength side with an
increase in the twisting power of the chiral dopant. More
specific examples are described below. That is, when the
selective reflection wavelength range of the optical compen-
sation layer to be formed is set in the range of 200 to 220 nm,
a chiral dopant having a twisting power of 5x10™* nm™" -(wt
%)™ is allowed to be contained in the liquid crystal com-
position at a ratio of 11 to 13 wt %, for example. In the case
where the selective reflection wavelength range of the
optical compensation layer to be formed is set in the range
0f 290 to 310 nm, the chiral dopant having a twisting power
of 5x107* nm™"+(wt %) ™" is allowed to be contained in the
liquid crystal composition at a ratio of 7 to 9 wt %, for
example.

[0111] The chiral dopant is preferably a polymerizable
chiral dopant. Examples thereof are those described in
paragraphs 0048 to 0055 in JP 2003-287623 A. Chiral
dopants represented by Chemical Formulas (17) to (37)
below are preferable as the above-mentioned chiral dopant.
The twisting power of the chiral dopants represented by
Chemical Formulas (17) to (37) below are at least 1x107°
nm '(wt %)™". One of the chiral dopants can be used
individually, or two or more of them can be used in com-
bination.
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[0112] Beside the above-mentioned chiral compounds,
those described, for example, in RE-A4342280, as well as
German Patent Application Nos. 19520660.6 and
19520704.1 also can be used preferably.

[0113] Any suitable combination of the liquid crystal
compound and the chiral dopant can be employed according
to the intended use. Examples of the particularly typical
combinations include a combination of a liquid crystal
monomer of Formula (7) described above and a chiral
dopant of Formula (31) described above, and a combination
of a liquid crystal monomer of Formula (8) described above
and a chiral dopant of Formula (32) described above.

A-3-4. Liquid Crystal Composition for Forming Second
Optical Compensation Layer (Cholesterically Aligned and
Solidified Layer): Other Additives

[0114] Preferably, the liquid crystal composition, of which
the second optical compensation layer (cholesterically
aligned and solidified layer) can be formed, further contains
at least one of a polymerization initiator and a crosslinking
agent (curing agent). With the use of a polymerization
initiator and/or a crosslinking agent (curing agent), the
cholesteric structure (cholesteric alignment) formed of the
liquid crystal compound in a liquid crystal state can be fixed.
For such a polymerization initiator or crosslinking agent,
any suitable material can be used as long as the effects of the
invention can be obtained. Examples of the polymerization
initiator include benzoyl peroxide (BPO) and azobisisobu-
tyronitrile (AIBN). Examples of the crosslinking agent
(curing agent) include an ultraviolet curing agent, a photo-
curing agent, or a thermosetting agent. More specifically,
examples thereof include isocyanate crosslinking agent, an
epoxy crosslinking agent, and a metal chelate crosslinking
agent. These agents may be used individually or in combi-
nation of two or more. The content of the polymerization
initiator or crosslinking agent in a liquid crystal composition
is preferably 0.1 to 10 wt %, more preferably 0.5 to 8 wt %,
and most preferably 1 to 6 wt %. When the content thereof
is smaller than 0.1 wt %, the cholesteric structure may not
be sufficiently fixed in some cases. In the case where the
content thereof exceeds 10 wt %, since the temperature
range in which the liquid crystal compound is in a liquid

crystal state becomes narrow, it may become difficult to
control the temperature during the formation of the choles-
teric structure in some case.

[0115] The liquid crystal composition further can contain
any suitable additives as required. Examples of the additives
include an antioxidant, a denaturant, a surfactant, a dye, a
pigment, a discoloration preventing agent, and an ultraviolet
absorber. These additives may be used individually or in
combination of two or more. More specifically, examples of
the antioxidant include phenolic compounds, amine com-
pounds, organic sulfur compounds, and phosphine com-
pounds. Examples of the denaturant include glycols, sili-
cones, and alcohols. The surfactant is added, for example,
for smoothing the surface of the optical compensation layer.
Examples thereof include a silicone surfactant, an acrylic
surfactant, and a fluorochemical surfactant. Particularly, a
silicone surfactant is preferable.

A-3-5. Method of Forming Second Optical Compensation
Layer (Cholesterically Aligned and Solidified Layer)

[0116] For the method of forming the second optical
compensation layer (cholesterically aligned and solidified
layer), any suitable method can be employed as long as a
desired cholesterically aligned and solidified layer is
obtained. A typical method of forming the second optical
compensation layer (cholesterically aligned and solidified
layer) include: forming an expanded layer (a coating film)
by expanding the liquid crystal composition (a coating
solution) on a substrate; heat-treating the expanded layer so
that the liquid crystal compound contained in the liquid
crystal composition is aligned cholesterically; subjecting the
expanded layer to at least one of a polymerization treatment
and a crosslinking treatment to fix the alignment of the liquid
crystal compound; and transferring the cholesterically
aligned and solidified layer formed on the substrate. The
specific procedure of this formation method is described
below.

[0117] First, a liquid crystal compound, a chiral dopant, a
polymerization initiator or crosslinking agent, and if neces-
sary, various additives are dissolved or dispersed in a
solvent. Thus, a liquid crystal coating solution (a liquid
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crystal composition) is prepared. The liquid crystal com-
pound, chiral dopant, polymerization initiator, crosslinking
agent, and additives are the same as described above. The
solvent to be used for the liquid crystal coating solution is
not particularly limited. Specific examples thereof include
halogenated hydrocarbons such as chloroform, dichlo-
romethane, carbon tetrachloride, dichloroethane, tetrachlo-
roethane, methylene chloride, trichloroethylene, tetrachlo-
roethylene, chlorobenzene, and orthodichlorobenzene;
phenols such as phenol, p-chlorophenol, o-chlorophenol,
m-cresol, o-cresol, and p-cresol; aromatic hydrocarbons
such as benzene, toluene, xylene, mesitylene, methoxyben-
zene, and 1,2-dimethoxybenzene; ketone solvents such as
acetone, methyl ethyl ketone (MEK), methyl isobutyl ketone
(MIBK) cyclohexanone, cyclopentanone, 2-pyrrolidone,
and N-methyl-2-pyrrolidone; ester solvents such as ethyl
acetate, butyl acetate, and propyl acetate; alcohol solvents
such as t-butyl alcohol, glycerin, ethylene glycol, triethylene
glycol, ethylene glycol monomethyl ether, diethylene glycol
dimethyl ether, propylene glycol, dipropylene glycol, and
2-methyl-2,4-pentanediol; amide solvents such as dimeth-
ylformamide and dimethylacetamide; nitrile solvents such
as acetonitrile and butyronitrile; ether solvents such as
diethyl ether, dibutyl ether, tetrahydrofuran, and dioxane;
and carbon disulfide, ethyl cellosolve, and butyl cellosolve.
Among them, preferable solvents are toluene, xylene, mesi-
tylene, MEK, MIBK, cyclohexanone, ethyl cellosolve, butyl
cellosolve, ethyl acetate, butyl acetate, propyl acetate, and
ethyl cellosolve acetate. These solvents may be used indi-
vidually or in combination of two or more.

[0118] The viscosity of the liquid crystal coating solution
can vary according to the temperature or the content of the
liquid crystal compound. For example, when the concentra-
tion of the liquid crystal compound in the liquid crystal
coating solution is 5 to 70 wt % at approximate room
temperature (20 to 30° C)), the viscosity of the coating
solution is preferably 0.2 to 20 mPa-S, further preferably 0.5
to 15 mPa-S, and further preferably 1 to 10 mPa-S. More
specifically, when the concentration of the liquid crystal
compound in the liquid crystal coating solution is 30 wt %,
the viscosity of the coating solution is preferably 2 to 5
mPa-S and further preferably 3 to 4 mPa-S. When the
viscosity of the coating solution is at least 0.2 mPa-S, the
coating solution is prevented very well from flowing during
application. Furthermore, when the viscosity of the coating
solution is 20 mPa-S or lower, an optical compensation layer
with no thickness unevenness and excellent surface smooth-
ness is obtained, and the coating solution has excellent
coatability.

[0119] Next, the liquid crystal coating solution is applied
onto a substrate to form an expanded layer. Any suitable
method (typically, a method of allowing a coating solution
to flow and expand) can be employed as the method of
forming the expanded layer. Specific examples thereof
include roll coating, spin coating, wire bar coating, dip
coating, an extrusion method, curtain coating, and spray
coating. Among them, the spin coating and extrusion coating
are preferable from a viewpoint of the application efficiency.

[0120] The amount of the liquid crystal coating solution to
be applied can be set suitably according to, for example, the
concentration of the coating solution or the thickness of an
intended layer. For example, when the concentration of the
liquid crystal compound in the coating solution is 20 wt %,
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the amount thereof to be applied is preferably 0.03 to 0.17
ml, further preferably 0.05 to 0.15 ml, and most preferably
0.08 to 0.12 ml, per unit area (100 cm?) of substrate.

[0121] Any suitable substrate that allows the liquid crystal
material to be aligned can be employed as the substrate.

[0122] Examples of the substrate include base films
formed of various plastics. The plastics are not particularly
limited. Examples thereof include triacetyl cellulose (TAC),
polyolefin such as polyethylene, polypropylene, and poly(4-
methyl pentene-1), polyimide, polyimide amide, polyether-
imide, polyamide, polyether ether ketone, polyether ketone,
polyketone sulfide, polyethersulfone, polysulfone, polyphe-
nylene sulfide, polyphenylene oxide, polyethylene tereph-
thalate, polybutylene terephthalate, polyethylene naphtha-
late, polyacetal, polycarbonate, polyarylate, acrylic resin,
polyvinyl alcohol, polypropylene, cellulose plastics, epoxy
resin, and phenolic resin. Furthermore, it is also possible to
use those obtained by placing a plastic film or sheet such as
the above on the surface of, for example, a substrate made
of metal such as aluminum, copper, or steel, a ceramic
substrate, or a glass substrate. Moreover, it is possible to use
those obtained by forming a SiO, obliquely deposited film
on the surface of the substrate or the plastic film or sheet.
The thickness of the substrate is preferably, 5 to 500 pm,
more preferably 10 to 200 um, and most preferably 15 to 150
pum. When the substrate has such thickness, it has a suffi-
ciently high strength to be used as a substrate and therefore
problems such as, for example, breakage during production
can be prevented from occurring.

[0123] Next, the expanded layer is heat-treated and
thereby the liquid crystal compound is allowed to be aligned
in such a manner as to exhibit a liquid crystalline phase.
Since the expanded layer contains a chiral dopant together
with the liquid crystal compound, the liquid crystal com-
pound is aligned while being provided with a twist in such
a manner as to exhibit a liquid crystalline phase. As a result,
the expanded layer (or the liquid crystal compound forming
it) shows a cholesteric structure (a helical structure).

[0124] The temperature condition for the heat treatment
can be set suitably according to the type of the liquid crystal
compound (specifically the temperature at which the liquid
crystal compound exhibits the liquid crystallinity). More
specifically, the heating temperature is preferably 40 to 120°
C., more preferably 50to 100° C., and most preferably 60 to
90° C. Usually, a heating temperature of at least '* C. allows
the liquid crystal compound to be sufficiently aligned. On
the other hand, a heating temperature of 120° C. or lower
allows the substrate to be selected from a wider range when,
for example, heat resistance is taken into account, and
therefore allows a most suitable substrate to be selected
according to the liquid crystal compound. Furthermore, the
heating time is preferably at least 30 seconds, more prefer-
ably at least one minute, particularly preferably at least two
minutes, and most preferably at least four minutes. When the
heating time is shorter than 30 seconds, the liquid crystal
compound may not be sufficiently brought into a liquid
crystal state. On the other hand, the heating time is prefer-
ably ten minutes or shorter, more preferably eight minutes or
shorter, and most preferably seven minutes or shorter. When
the heating time exceeds 10 minutes, additives may possibly
sublime.

[0125] Next, with the liquid crystal compound showing
the cholesteric structure, the expanded layer is subjected to
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a polymerization treatment or a crosslinking treatment, and
thereby the alighment (cholesteric structure) of the liquid
crystal compound is fixed. More specifically, when the
polymerization treatment is carried out, the liquid crystal
compound (for example, polymerizable monomers) and/or
chiral dopant (polymerizable chiral dopant) are/is polymet-
ized and the polymerizable monomers and/or polymerizable
chiral dopant arefis fixed as a repeating unit of polymer
molecules. When the crosslinking treatment is carried out,
the liquid crystal compound (crosslinkable monomers) and/
or chiral dopant form(s) a three-dimensional network, and
the crosslinkable monomers and/or chiral dopant are/is fixed
as a part of the crosslinked structure. As a result, the
alignment state of the liquid crystal compound is fixed. The
polymer or three-dimensional network that is formed
through polymerization or crosslinking of the liquid crystal
compound is “non-liquid crystalline”. Accordingly, the
resultant second optical compensation layer does not
undergo transition to a liquid crystalline phase, glassy phase,
or crystalline phase caused by temperature change that are
peculiar to the liquid crystal compound, for example.
Accordingly, no change in alignment is caused by tempera-
ture change. As a result, the resultant second optical com-
pensation layer can be used as a high-performance optical
compensation layer that is not affected by temperature.
Furthermore, the second optical compensation layer can
considerably prevent, for example, light leakage from occur-
ring, because the selective reflection wavelength range
thereof is optimized in the range of 100 nm to 320 nm.

[0126] The specific procedure for the polymerization
treatment or crosslinking treatment can be selected suitably
according to the type of polymerization initiator and
crosslinking agent to be used. For example, when a photo-
polymerization initiator or a photocrosslinking agent is used,
light irradiation can be carried out. On the other hand, when
an ultraviolet polymerization initiator or an ultraviolet
crosslinking agent is used, ultraviolet irradiation can be
carried out. Furthermore, when a thermal polymerization
initiator or crosslinking agent is used, heating can be carried
out. For example, the irradiation time and intensity as well
as total irradiation amount of light or ultraviolet rays can be
set suitably according to, for example, the type of the liquid
crystal compound and substrate, and the properties desired
for the second optical compensation layer. Similarly, for
example, the heating temperature and time also can be set
suitably according to the intended use.

[0127] The cholesterically aligned and solidified layer
thus formed on a substrate is transferred to the surface of the
first optical compensation layer to serve as the second
optical compensation layer. When the second optical com-
pensation layer has a layered structure including a choles-
terically aligned and solidified layer and a plastic film layer,
the plastic film layer is bonded to the first optical compen-
sation layer, with a pressure-sensitive adhesive layer being
interposed therebetween, while the cholesterically aligned
and solidified layer is transferred to the plastic film layer.
Thus, the second optical compensation layer is formed.
Alternatively, it 1s also possible to form a laminate by
bonding a plastic film layer to a cholesterically aligned and
solidified layer formed on a substrate, with an adhesive layer
being interposed therebetween, and to bond the laminate to
the surface of the first optical compensation layer, with a
pressure-sensitive adhesive layer being interposed therebe-
tween. The thickness of the adhesive layer is preferably 1 to
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10 pm and most preferably 1 to 5 um. The transfer process
further includes separating the base from the second optical
compensation layer. With respect to the curable adhesive,
the same description as that made in section A-2 above
applies. With respect to the plastic film layer, the same
description as that made in section A-3-1 above applies.

[0128] Such typical examples of the method of forming
the second optical compensation layer as described above
employ liquid crystal monomers (for example, polymeriz-
able monomers or crosslinkable monomers) as liquid crystal
compounds. In the present invention, however, the method
of forming the second optical compensation layer is not
limited to such methods and can be a method in which a
liquid crystal polymer is used. However, a method in which
liquid crystal monomers are used as described above is
preferred. The use of liquid crystal monomers makes it
possible to form a thinner optical compensation layer with a
further better optical compensation function. Specifically,
the use of liquid crystal monomers makes it easier to control
the selective reflection wavelength range. Moreover, for
example, the viscosity of the coating solution is easy to set,
and therefore a very thin second optical compensation layer
can be formed more easily and it also has excellent handle-
abilty. Additionally, the surface of the resultant optical
compensation layer has further improved flatness.

A-3-6. Second Optical Compensation Layer Formed Using
Non-Liquid Crystal Polymer

[0129] As described above, the second optical compensa-
tion layer can be formed using a non-liquid crystal polymer.
Such a second optical compensation layer can be formed by
applying a non-liquid crystal polymer solution onto a base
film and then evaporating the solvent contained in the
solution to remove it.

[0130] As described above, the non-liquid crystal polymer
is preferably a polymer such as polyamide, polyimide,
polyester, polyetherketone, polyaryletherketone, polyamide
imide, and polyesterimide because of its excellent heat
resistance, chemical resistance, transparency, and hardness.
With respect to these polymers, one of them can be used
individually, or a mixture of two or more polymers having
different functional groups from each other, for example, a
mixture of polyaryletherketone and polyamide can be used.
Among these polymers, polyimide is particularly preferable
because of its high transparency, high alignability, and high
stretchability.

[0131] The molecular weight of the aforementioned non-
liquid crystal polymer is not particularly limited. For
example, the weight average molecular weight (Mw) thereof
is preferably in the range of 1000 to 1000000 and more
preferably in the range of 2000 to 500000.

[0132] For the polyimide, a polyimide that has high in-
plane alignability and is soluble in an organic solvent is
preferred. Specifically, for example, it is possible to use a
polymer containing: a condensation polymer product of
9,9-bis(aminoaryl)fluorene and an aromatic tetracarboxylic
dianhydride disclosed in JP 2000-511296 A; and at least one
repeating unit represented by Formula (A-1) below.
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(A-1)

[0133] In Formula (A-1), R® to R® each are at least one
substituent selected independently from the group consisting
of hydrogen, halogen, a phenyl group, a phenyl group
substituted with 1 to 4 halogen atoms or a C1-10 alkyl group,
and a C1-10 alkyl group. Preferably, R* to R® each are at
least one substituent selected independently from the group
consisting of halogen, a phenyl group, a phenyl group
substituted with 1 to 4 halogen atoms or a C1-10 alkyl group,
and a C1-10 alkyl group.

[0134] InFormula (A-1)above, Z is, for example, a C6-20
quadrivalent aromatic group, and preferably is a pyromel-
litic group, a polycyclic aromatic group, a derivative of a
polycyclic aromatic group, or a group represented by For-
mula (A-2) below.

(A-2)

[0135] In Formula (A-2) above, 7' is, for example, a
covalent bond, a C(R”), group, a CO group, an O atom, an
S atom, an SO, group, an Si(C,Hs), group, or an NR® group.
When a plurality of Z’s are present, they are identical to or
different from each other. Furthermore, w denotes an integer
from 1 to 10. R7s each are independently hydrogen or
C(R®),. R® is hydrogen, an C1-20 alkyl group, or a C6-20
aryl group, and when a plurality of R® are present, they are
identical to or different from each other. R each are
independently hydrogen, fluorine, or chlorine.

[0136] Examples of the above-mentioned polycyclic aro-
matic group include a quadrivalent group derived from
naphthalene, fluorene, benzofluorene, or anthracene. Fur-
thermore, examples of a substituted derivative of the above-
mentioned polycyclic aromatic group include the above-
mentioned polycyclic aromatic group substituted with at
least one group selected from the group consisting of, for
example, a C1-10 alkyl group, a fluorinated derivative
thereof, and halogen such as F and Cl.

[0137] Besides those above, examples of the above-men-
tioned polyimide include a homopolymer whose repeating
unit is represented by General Formula CA-3) or (A-4)
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below or a polyimide whose repeating unit is represented by
General Formula (A-5) below that are described in JP 8
(1996)-511812 A. The polyimide represented by Formula
(A-5) below is a preferable form of the homopolymer
represented by Formula (A-3).

(a3)
O, O
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(A-5)
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[0138] In General Formulas (A-3) to (A-5), G and G' each
denote a group selected independently from the group
consisting of, for exanple, a covalent bond, a CH, group, a
C(CH,), group, a C(CF5), group, a C(CX,), group (wherein
X is halogen), a CO group, an O atom, an S atom, an SO,
group, an Si(CH,CH,), group, and an N(CH;) group. G and
G' may be identical to or different from each other.

[0139] InFormulas (A-3)and (A-5), Lis a substituent, and
d and e indicate the number of L substituent groups therein.
L is, for example, halogen, a C1-3 alkyl group, a haloge-
nated C1-3 alkyl group, a phenyl group, or a substituted
phenyl group, and when a plurality of Ls are present, they
are identical to or different from each other. Examples of the
above-mentioned substituted phenyl group include a substi-
tuted phenyl group having at least one substituent selected
from the group consisting of halogen, a C1-3 alkyl group,
and a halogenated C1-3 alkyl group. Furthermore, examples
of the above-mentioned halogen include fluorine, chlorine,
bromine, and iodine. Moreover, d is an integer from 0 to 2,
and e is an integer from O to 3.

[0140] In Formulas (A-3)to (A-5), Q is a substituent, and
findicates the number of Q substituent groups therein. Q s,
for example, an atom or a group selected from the group
consisting of hydrogen, halogen, an alkyl group, a substi-
tuted alkyl group, a nitro group, a cyano group, a thioalkyl
group, an alkoxy group, an aryl group, a substituted aryl
group, an alkyl ester group, and a substituted alkyl ester
group, and when a plurality of Qs are present, they are
identical to or different from each other. Examples of the
above-mentioned halogen include fluorine, chlorine, bro-
mine, and iodine. Examples of the above-mentioned substi-
tuted alkyl group include a halogenated alkyl group.
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Examples of the above-mentioned substituted aryl group
include a halogenated aryl group. Furthermore, f is an
integer from O to 4, and g and h are an integer from 0 to 3
and an integer from 1 to 3, respectively. Moreover, g and h
are preferably larger than 1.

[0141] In Formula (A-4), R'® and R' are groups selected
independently from the group consisting of hydrogen, halo-
gen, a phenyl group, a substituted phenyl group, an alkyl
group, and a substituted alkyl group. Among them, R'° and
R'! each are preferably a halogenated alkyl group indepen-
dently.

[0142] In Formula (A-5), M and M? are identical to or
different from each other, and they each are, for example,
halogen, a C1-3 alkyl group, a halogenated C1-3 alkyl
group, a phenyl group, or a substituted phenyl group.
Examples of the above-mentioned halogen include fluorine,
chlorine, bromine, and iodine. Examples of the above-
mentioned substituted phenyl group include a substituted
phenyl group having at least one substituent selected from
the group consisting of halogen, a C1-3 alkyl group, and a
halogenated C1-3 alkyl group.

[0143] Specific examples of the polyimide represented by
Formula (A-3) include those represented by Formula (A-6)
below. In Formula (A-6), n is the number of the repeating
unit in the formula. The n is not particularly limited.

(A-6)
0 CF; 0 CFs
LR C-OF
0 0 CF; "

[0144] Moreover, examples of the above-mentioned poly-
imide include a copolymer obtained by suitably copolymer-
izing, for example, acid dianhydride and diamine other than
the above-mentioned skeleton (repeating unit).

[0145] Examples of the above-mentioned polyether
include polyaryletherketone disclosed in JP 2001-49110 A.
Examples of the polyamide or polyester include those
described in JP 10(1998)-508048 A.

[0146] The base film can be, for example, a plastic film.
The plastic is not particularly limited. Examples thereof
include cellulose plastic such as triacetyl cellulose (TAC),
polyolefin such as polyethylene, polypropylene, and poly(4-
methyl pentene-1), polyimide, polyimide amide, polyether-
imide, polyamide, polyether ether ketone, polyether ketone,
polyketone sulfide, polyethersulfone, polysulfone, polyphe-
nylene sulfide, polyphenylene oxide, polyethylene tereph-
thalate, polybutylene terephthalate, polyethylene naphtha-
late, polyacetal, polyearbonate, polyarylate, acrylic resin,
polyvinyl alcohol, polypropylene, epoxy resin, and phenolic
resin. The TAC film is preferred as the base film. The
thickness of the base film is, for example, 5 to 500 pum,
preferably 10 to 200 um, and more preferably 15 to 150 pm.
When the second optical compensation layer is formed of a
non-liquid crystal polymer, it is not necessary to subject the
base film surface to an aligning treatment.

[0147] As described above, the non-liquid crystal polymer
solution is applied onto the base film in the form of a film

Feb. 28, 2008

and the solvent contained in the solution is evaporated to be
removed. Thus, the second optical compensation layer is
formed.

[0148] The solvent of the solution to be applied is not
particularly limited. Examples thereof include halogenated
hydrocarbons such as chloroform, dichloromethane, carbon
tetrachloride, dichloroethane, tetrachloroethane, trichloroet-
hylene, tetrachloroethylene, chlorobenzene, and orthod-
ichlorobenzene; phenols such as phenol and parachlorophe-
nol; aromatic hydrocarbons such as benzene, toluene,
xylene, methoxybenzene, and 1,2-dimethoxybenzene;
ketone solvents such as acetone, methyl ethyl ketone, methyl
isobutyl ketone (MIBI), cyclohexanone, cyclopentanone,
2-pyrrolidone, and N-methyl-2-pyrrolidone; ester solvents
such as ethyl acetate, butyl acetate, and propyl acetate;
alcohol solvents such as t-butyl alcohol, glycerin, ethylene
glycol, triethylene glycol, ethylene glycol monomethyl
ether, diethylene glycol dimethyl ether, propylene glycol,
dipropylene glycol, and 2-methyl-2,4-pentanediol; amide
solvents such as dimethylformamide and dimethylaceta-
mide; nitrile solvents such as acetonitrile and butyronitrile;
ether solvents such as diethyl ether, dibutyl ether, and
tetrahydrofuran; and carbon disulfide, ethyl cellosolve, and
butyl cellosolve. One of these solvents may be used, or two
or more of them may be used in combination.

[0149] Various additives such as a stabilizer, a plasticizer,
and metals can further be blended in the coating solution as
required, for example.

[0150] Furthermore, the coating solution can contain other
resins that are different from those described above.
Examples thereof include various general-purpose resins,
engineering plastics, thermoplastic resins, and thermosetting
resins.

[0151] Examples of the general-purpose resins include
polyethylene (PE), polypropylene (PP), polystyrene (PS),
polymethyl methacrylate (PMMA), ABS resin, and AS
resin. Examples of the engineering plastics include polyac-
etal (POM), polyacetate, polycarbonate (PC), polyamide
(PA: NYLON (trade name)), polyethylene terephthalate
(PET), and polybutylene terephthalate (PBT). Examples of
the thermoplastic resins include polyphenylene sulfide
(PPS), polyethersulfone (PES), polyketone (PK), polyimide
(PI), polycyclohexanedimethanol terephthalate (PCT), pol-
varylate (PAR), and liquid crystal polymers (LCP).
Examples of the thermosetting resins include epoxy resins
and phenolic novolac resins.

[0152] When the above-described other resins are blended
in the coating solution as described above, the blending
amount thereof is, for example, 0 to 50 mass %, preferably
0 to 30 mass %, with respect to the non-liquid crystal
polymer.

[0153] Examples of the method of applying the solution
include spin coating, roll coating, flow coating, printing, dip
coating, cast film forming, bar coating, and gravure printing.
In application, it is also possible to employ a method of
superimposing polymer layers as required.

[0154] After application, the solvent contained in the
solution is evaporated to be removed, for example, by
natural drying, air-drying, or drying by heating (for example,
60 to 250° C.). Thus, the second optical compensation layer
is formed. When the non-liquid crystal polymer solution is
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applied and then the solvent is evaporated to be removed as
described above, a layer with an optically uniaxial property
(nx=ny>nz) is formed.

A-4. Polarizer

[0155] Any suitable polarizer can be employed as the
polarizer 11 according to the intended use. Examples thereof
include those obtained by allowing a hydrophilic polymer
film to adsorb a dichroic material such as iodine or a dichroic
dye and then uniaxially stretching it. Examples of the
hydrophilic polymer film include polyvinyl alcohol films,
partially-formalized polyvinyl alcohol films, and partially-
saponified films of ethylene-vinyl acetate copolymer. Fur-
thermore, polyene aligned films such as dehydrated polyvi-
nyl alcohol and dehydrochlorinated polyvinyl chloride can
be used, for example. Among them, a polarizer obtained by
allowing a polyvinyl alcohol film to adsorb a dichroic
material such as iodine and uniaxially stretching the film has
a high polarization dichroic ratio and therefore is particu-
larly preferable. The thickness of these polarizers is not
particularly limited. Generally, it is about 1 to 80 pum.

[0156] The polarizer obtained by allowing a polyvinyl
alcohol film to adsorb iodine and uniaxially stretching the
film can be produced, for example, by immersing polyvinyl
alcohol in an aqueous iodine solution to dye it and then
stretching it to 3 to 7 times the original length thereof. The
aqueous iodine solution can contain, for example, boric acid,
zine sulfate, or zinc chloride as required. It is also possible
to immerse polyvinyl alcohol, for example, in an aqueous
potassium iodide solution. Furthermore, before being dyed,
a polyvinyl alcohol film can be immersed in water to be
washed as required.

[0157] Washing the polyvinyl alcohol film not only allows
dirt and an anti-blocking agent on the surface of the poly-
vinyl alcohol film to be washed off but also provides an
effect of allowing the polyvinyl alcohol film to swell to
prevent nonuniformities such as unevenness in dyeing from
occurring. Stretching can be carried out after, during, or
before dyeing with iodine. In addition, the film also can be
stretched in an aqueous solution of boric acid or potassium
iodide or in a water bath.

A-35. Protective Film

[0158] Any suitable film that can be used as a protective
film for a polarizing plate can be employed as the afore-
mentioned protective film. Specific examples of the material
that is a main component of such a film include cellulose
resins such as triacetyl cellulose (TAC), and transparent
resins of polyester, polyvinyl alcohol, polycarbonate, polya-
mide, polyimide, polyethersulfone, polysulfone, polysty-
rene, polynorbornene, polyolefin, acryl, and acetate. Fur-
thermore, thermosetting resins or ultraviolet curable resins
of acryl, urethane, acrylic urethane, epoxy, and silicones also
can be used. Besides them, for example, glassy polymers
such as siloxane polymers also can be used. Moreover, the
polymer film described in IJP 2001-343529 A (WO
01/37007) also can be used. The material of this film can be
a resin composition containing a thermoplastic resin whose
side chain has a substituted or unsubstituted imido group and
a thermoplastic resin whose side chain has a substituted or
unsubstituted phenyl group and nitrile group. Examples of
the resin composition include one containing an alternating
copolymer of isobutene and N-methyl maleimide and an
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acrylonitrile-styrene copolymer. The polymer film can be,
for example, one formed by extruding the resin composition.
Preferable materials are TAC, polyimide resins, polyvinyl
alcohol resins, and glassy polymers, and TAC is further
preferable.

[0159] Preferably, the protective film is transparent and
colorless. Specifically, the thickness direction retardation
value is preferably —90 nm to +90 nm, more preferably -80
nm to +80 nm, and mores preferably -70 nm to +70 nm.

[0160] For the thickness of the film, any suitable thickness
can be employed as long as the above-mentioned preferable
thickness direction retardation can be obtained. Specifically,
the thickness of the protective layer is preferably 5 mm or
less, more preferably 1 mm or less, particularly preferably 1
to 500 pm, and most preferably 1 to 150 um.

[0161] The protective film to be provided on the outer side
of the polarizer 11 (on the opposite side to the side where the
optical compensation layer is disposed) can be subjected to,
for example, a hard-coating treatment, an antireflection
treatment, an anti-sticking treatment, and an anti-glare treat-
ment as required.

A-6. Other Components of Polarizing Plate

[0162] The polarizing plate with optical compensation
layers of the present invention can be provided with still
another optical layer. For such another optical layer, any
suitable optical layer can be employed according to the
intended use and type of image displays. Specific examples
thereof include liquid crystal films, light scattering films,
diffraction films, and yet another optical compensation lay-
ers (retardation films).

[0163] The polarizing plate with optical compensation
layers of the present invention further can have a pressure-
sensitive adhesive layer or an adhesive layer as an outermost
layer on at least one side thereof. When it has the pressure-
sensitive adhesive layer or adhesive layer as the outermost
layer as described above, for example, it becomes easy to
stack it with another member (for example, a liquid crystal
cell), and the polarizing plate can be prevented from sepa-
rating from another member. Any suitable material can be
used as the material for the pressure-sensitive adhesive layer.
Specific examples of the pressure-sensitive adhesive include
those described in section A-2 above. Specific examples of
the adhesive also include those described in section A-2.
Preferably, materials with excellent moisture absorption and
heat resistance are used. This is because it is possible to
prevent foaming or peeling caused by moisture absorption,
and degradation in the optical properties and warping of a
liquid crystal cell caused, for example, by difference in
thermal expansion.

[0164] The surface of the pressure-sensitive adhesive
layer or adhesive layer can be covered with any suitable
separator until the polarizing plate is ready to be used, so that
it can be prevented from being contaminated. The separator
can be formed by a method in which, for example, any
suitable film is provided with a peeling coating by using a
silicone-, long-chain alkyl-, fluorine-, or molybdenum sul-
fide-based peeling agent as required.

[0165] The respective layers of the polarizing plate with
optical compensation layers of the present invention can be
provided with an ultraviolet absorption capability through a
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treatment with an ultraviolet absorber such as a salicylate
compound, a benzophenone compound, a benzotriazole
compound, a cyanoacrylate compound, or a nickel complex
salt compound.

B. Method of Producing Polarizing Plate with Optical Com-
pensation Layers

[0166] The polarizing plate with optical compensation
layers of the present invention can be produced by stacking
the respective layers, with adhesive layers or pressure-
sensitive adhesive layers as described above being inter-
posed therebetween. For the stacking method, any suitable
method can be employed as long as the angle (the angle o)
formed between the absorption axis of the polarizer and the
first optical compensation layer is “plus” or “minus™ 25
degrees to 65 degrees. For example, the polarizer, first
optical compensation layer, and second optical compensa-
tion layer are punched out into a predetermined size, and
then are stacked together, with a pressure-sensitive adhesive
or adhesive being interposed therebetween, while the direc-
tions thereof are aligned so that the angle a is in a desired
range. The polarizing plate with optical compensation layers
is produced as follows, for example.

[0167] First, a first optical compensation layer is bonded
to a polarizer. When the first optical compensation layer is
formed on a base film, the first optical compensation layer
can be transferred through separation and removal of the
base film after the first optical compensation layer is bonded
to the polarizer. Furthermore, when the base film can serve
as a protective layer such as a TAC film, the base film with
a first optical compensation layer formed thereon is bonded
to a polarizer and thereby a layered structure of the polarizer/
base film (protective layer)/first optical compensation layer
may be obtained. Next, a second optical compensation layer
is bonded to the first optical compensation layer. As in the
case of the first optical compensation layer, when the second
optical compensation layer is formed on a base film, the
second optical compensation layer can be transferred
through separation and removal of the base film after the
second optical compensation layer is bonded to the first
optical compensation layer. Furthermore, when the base film
is, for example a TAC film and therefore does not need to be
removed, the base film on which the second optical com-
pensation layer has been formed can be bonded to the first
optical compensation layer and thereby a layered structure
of the first optical compensation layer/base film/second
optical compensation layer may be obtained. Thus, the
polarizing plate with optical compensation layers of the
present invention can be produced.

C. Applications of Polarizing Plate

[0168] The polarizing plate with optical compensation
layers of the present invention can be used suitably for
various image displays (for example, liquid crystal displays
and self-light-emitting displays). Specific examples of
image displays to which the polarizing plate is applicable
include a liquid crystal display, an electroluminescence (EL)
display, a plasma display (PD), and a field emission display
(FED). When a polarizing plate with optical compensation
layers of the present invention is used in a liquid crystal
display, for example, it is useful for prevention of light
leakage in a black display and viewing angle compensation.
A polarizing plate with optical compensation layers of the
present invention can be used suitably for a VA-mode liquid
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crystal display. When a polarizing plate with optical com-
pensation layers of the present invention is used for an EL
display, it is useful, for example, for preventing reflection
from an electrode.

D. Image Display

[0169] Aliquid crystal display is described as an example
of the image display according to the present invention. In
this section, a liquid crystal panel that is used in a liquid
crystal display is described. For other configurations of the
liquid crystal display, any suitable configurations can be
employed according to the intended use. In the present
invention, a VA-mode liquid crystal display is preferable.
The liquid crystal display of the present invention can be of
any one of a transmission type, a reflective type, or a
semitransparent type. FIG. 3 is a schematic cross-sectional
view of one example of the liquid crystal panel according to
the present invention. In this section, a liquid crystal panel
for a transmission liquid crystal display is described. A
liquid crystal panel 100 includes a liquid crystal cell 20,
retardation plates 30 and 30' disposed on both sides of the
liquid crystal cell 20, and polarizing plates 10 and 10", each
of which is disposed on the outer side of each retardation
plate. At least one of the polarizing plates 10 and 10' is a
polarizing plate with optical compensation layers of the
present invention that has been described in sections A and
B above. Typically, the polarizing plates 10 and 10' are
disposed so that the absorption axes of the polarizers thereof
are orthogonal to each other. In the liquid crystal display
(liquid crystal panel) of the present invention, it is preferable
that when a polarizing plate of the present invention is used
for one of the polarizing plates, the polarizing plate of the
present invention be disposed on the visible side (upper
side). For the retardation plates 30 and 30', any suitable
retardation plates are employed according to the intended
use and alignment mode of the liquid crystal cell. One or
both of the retardation plates 30 and 30' can be omitted
depending on the intended use and alignment mode of the
liquid crystal cell. Furthermore, when a polarizing plate with
optical compensation layers of the present invention is used
as a polarizing plate, one or both of the retardation plates 30
and 30' can be omitted. The liquid crystal cell 20 includes a
pair of glass substrates 21 and 21' and a liquid crystal layer
22 to serve as a display medium disposed between the
substrates. One substrate (active matrix substrate) 21' is
provided with a switching element (typified by a TFT) for
controlling the electrooptic characteristics of the liquid
crystal as well as a scanning line and a signal line for
providing this active element with gate signals and source
signals, respectively (not shown). The other glass substrate
(a color filter substrate) 21 is provided with a color filter (not
shown). It is also possible to provide the color filter for the
active matrix substrate 21'. The gap (cell gap) between the
substrates 21 and 21' is controlled with a spacer (not shown).
BEach of the substrates 21 and 21' is provided with an
alignment film (not shown) made, for example, of polyimide
on the side on which it is in contact with the liquid crystal
layer 22.

[0170] FIG. 4 is a schematic cross-sectional view of
another example of the liquid crystal panel according to the
present invention. A liquid crystal panel for a reflective
liquid crystal display is described below. A liquid crystal
panel 100" includes a liquid crystal cell 20, a retardation
plate 30 disposed on the upper side of the liquid crystal cell
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20, and a polarizing plate 10 disposed on the upper side of
the retardation plate 30. The polarizing plate 10 is a polar-
izing plate with optical compensation layers of the present
invention described in sections A and B above. For the
retardation plate 30, any suitable one can be employed
according to the intended use and the alignment mode of the
liquid crystal cell. The retardation plate 30 can be omitted
depending on the intended use and alignment mode of the
liquid crystal cell. Furthermore, when a polarizing plate with
optical compensation layers of the present invention is used
as a polarizing plate, the retardation plate 30 can be omitted.
The liquid crystal cell 20 includes a pair of glass substrates
21 and 21" and a liquid crystal layer 22 to serve as a display
medium disposed between the substrates. A reflecting elec-
trode 23 is provided on the liquid crystal layer 22 side of the
lower substrate 21'. The upper substrate 21 is provided with
a color filter (not shown). The interval (cell gap) between the
substrates 21 and 21' is controlled with spacers 24.

[0171] AVA-mode display mechanism is described below.
FIGS. 5(a) and 5(b) each are a schematic cross-sectional
view for explaining the alignment state of liquid crystal
molecules in the VA mode. As shown in FIG. 5(a), the liquid
crystal molecules are aligned perpendicular to the surfaces
of the substrates 21 and 21' when no voltage is applied. Such
vertical alignment can be obtained by providing a nematic
liquid crystal with negative dielectric constant anisotropy
between the substrates, each of which has a vertical align-
ment film (not shown) formed thereon. In such a state, when
linearly polarized light that has passed through a polarizing
plate 10' is allowed to be incident on a liquid crystal layer 22
from the surface of one substrate 21', the incident light
travels along the direction of the long axes of vertically
aligned liquid crystal molecules. Since no birefringence
occurs in the direction of the long axes of the liquid crystal
molecules, the incident light travels without changing the
direction in which it is polarized and then is absorbed by a
polarizing plate 10 having a polarization axis orthogonal to
that of the polarizing plate 10'. This allows a dark state
display to be obtained when no voltage is applied (normally
black mode). As shown in FIG. 5(b), when voltage is applied
between electrodes, the long axes of the liquid crystal
molecules are aligned in parallel to the substrate surfaces.
The liquid crystal molecules exhibit birefringence with
respect to linearly polarized light that is incident on the
liquid crystal layer 22 in this state, and the polarization state
of the incident light varies according to the tilt of the liquid
crystal molecules. Light that passes through the liquid
crystal layer 22 when a predetermined maximum voltage is
applied becomes linearly polarized light, for example, with
the direction in which it is polarized being rotated 90
degrees. Accordingly it passes through the polarizing plate
10 and thereby a light state display is obtained. When the
state is brought back again to a state where no voltage is
applied, an aligning force allows the light state display to
return to the dark state display. Furthermore, the tilt of the
liquid crystal molecules is controlled by changing the volt-
age to be applied and thereby the intensity of the light
transmitted through the polarizing plate 10 is changed. Thus,
a gray-scale display can be obtained.
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EXAMPLE

[0172] The present invention is described below further in
detail using examples but is not limited by the examples. In
the examples, respective properties were measured by the
following methods.

(1) Measurement of Thickness

[0173] The thickness of polarizing plates with optical
compensation layers of the examples and comparative
examples were measured using a dial gauge manufactured
by Ozaki Mfg. Co., Ltd.

(2) Measurement of Contrast Ratio

[0174] Liquid crystal panels each were produced using a
polarizing plate with optical compensation layers obtained
in each example and comparative example. Then each liquid
crystal panel was allowed to display a white image (i.e. the
absorption axis of the polarizer is parallel) and a black image
(i.e. the absorption axis of the polarizer is orthogonal). The
viewing angle at a contrast ratio (Co)Z10 was measured in
each of the direction perpendicular to the panel surface and
diagonal direction, using “EZContrast 160D” (trade name)
manufactured by ELDIM. In this measurement, scanning
was carried out between 45° and 225° as well as 135° and
315° with respect to the absorption axis of the polarizer
disposed on the visible side, and between -60° and 60° with
respect to the normal line. Thus, based on a Y value (YW)
and a Y value (YB) that were obtained when a white image
and a black image were displayed, respectively, the contrast
ratio (YW/YB) in a diagonal direction was calculated.

[0175] In the examples, a rubbing treatment was carried
out under five rubbing conditions in producing the first
optical compensation layer (Examples 1 to 5). That is, first,
10 parts by weight of polymerizable liquid crystal monomer
(PALIOCOLOR L[C242 (trade name), manufactured by
BASF AG) exhibiting a nematic liquid crystalline phase that
was represented by Formula (7) above and 3 parts by weight
of photopolymerization initiator (IRGACURE 907 (trade
name), manufactured by Ciba Specialty Chemicals) were
dissolved in 40 parts by weight of toluene. Thus, a liquid
crystal solution (coating solution) was prepared. On the
other hand, the surface of a base film (polyethylene tereph-
thalate (PET) film, with a thickness of 38 um) was rubbed
with rubbing cloth to be subjected to an aligning treatment.
This rubbing treatment was carried out under the five
conditions (Examples 1 to 5) indicated in Table 1 below
using a rubbing apparatus shown in FIG. 7 and FIGS. 8(a)
and 8(b) by the aforementioned rubbing method (A). The
direction to which the aligning treatment was carried out
was clockwise “minus” 45 degrees with respect to the long
side of the base film. The liquid crystal solution was applied
to this surface that had been subjected to the aligning
treatment, and was then dried by heating at 90° C. for two
minutes. Thus, the liquid crystal monomers were aligned
and thereby a liquid crystal layer was formed on the surface
of the base film that had been subjected to the aligning
treatment. This liquid crystal layer was irradiated with light
at an irradiation intensity of 1 mJ/cm® using a metal halide
lamp, and the liquid crystal monomers in the liquid crystal
layer were polymerized. Thus, a first optical compensation
layer was formed. The first optical compensation layer had
athickness of 1.2 pm, an in-plane retardation Re, of 140 nm,
and a refractive index distribution of nx>ny=nz. Next, the
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first optical compensation layer was bonded to a polarizing
plate (SEG1425DU (trade name), manufactured by Nitto
Denko Corporation), with an isocyanate adhesive (with a
thickness of 5 pum) interposed therebetween, and it was
transferred through separation and removal of the base film.
The slow axis of the first optical compensation layer was
“plus” 45 degrees with respect to the absorption axis of the
polarizing plate.
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polarizing plates with optical compensation layers

(Examples 1 to 5) were obtained.
<Production of Liquid Crystal Panel>

[0178] The polarizing plates with optical compensation
layers obtained above each were stacked on a VA-mode
liquid crystal cell on the visible side, with an acrylic
pressure-sensitive adhesive (with a thickness of 20 pm)

TABLE 1
The number of Rotational
Rubbing  times of rubbing Indentation  Radius of speed of  Film conveying
Strength  (The number of amount rubbing roll  rubbing roll rate (V)
(RS) (mm)  rubbing roles) (M) (mm) (r) (mm) (nr) (rpm) (mm/sec)

Ex.1 2618 1 0.3 76.89 1500 83
Ex. 2 3491 1 0.4 76.89 1500 83
Ex.3 4363 1 0.5 76.89 1500 83
Ex. 4 1745 1 0.2 76.89 1500 83
Ex. 5 873 1 0.1 76.89 1500 83
[0176] Then 90 parts by weight of nematic liquid crystal being interposed therebetween. Furthermore, a A/4 plate and

monomer represented by Formula (7) above, 10 parts by
weight of chiral dopant represented by Formula (31) above,
5 parts by weight of photopolymerization initiator (IRGA-
CURE 907 (trade name), manufactured by Ciba Specialty
Chemicals), and 300 parts by weight of methyl ethyl ketone
were mixed together uniformly. Thus, a liquid crystal solu-
tion (coating solution) was prepared. Then this liquid crystal
solution was applied to a substrate (a biaxially stretched PET
film) and was then heat-treated at 80° C. for three minutes.
Subsequently, this was irradiated with ultraviolet light to be
subjected to a polymerization treatment. Thus, a cholesteri-
cally aligned and solidified layer was formed. The choles-
terically aligned and solidified layer had a thickness of 2 pm.
Next, an isocyanate adhesive (with a thickness of 4 um) was
applied to a principal surface of the cholesterically aligned
and solidified layer, and a plastic film layer (TAC film with
a thickness of 40 pm) was bonded thereto, with the adhesive
being interposed therebetween. Thus, a second optical com-
pensation layer was formed. In the second optical compen-
sation layer, the PET film that served as a base was separated
to be removed. The second optical compensation layer had
a thickness of 46 um, an in-plane retardation Re, of 0.5 nm,
and a thickness-direction retardation Rth, of 160 nm. Sub-
sequently, an acrylic pressure-sensitive adhesive (with a
thickness of 20 pum) was applied thereto and thereby a
bonding process was cartied out. Finally, the second optical
compensation layer was punched into a size of 250 mm
length and 400 mm width.

[0177] The second optical compensation layer (TAC film/
cholesterically aligned and solidified layer) was stacked on
a laminate formed of the polarizing plate and the first optical
compensation layer (A/4 plate). As described before, they
were stacked together in such a manner that the slow axis of
the first optical compensation layer was counterclockwise
“plus” 45 degrees with respect to the absorption axis of the
polarizer. Since the second optical compensation layer had
asmall in-plane retardation Re,, the polarizer and the second
optical compensation layer were not adjusted in angle. The
first optical compensation layer and the second optical
compensation layer were stacked together with the afore-
mentioned acrylic pressure-sensitive adhesive. Thus, five

a polarizing plate each were stacked in this order on the
backlight side of the liquid crystal cell, with an acrylic
pressure-sensitive adhesive (with a thickness of 20 pm)
being interposed therebetween. Finally, this was punched
into a size of 40 mm length and 53 mm width in such a
manner that the absorption axis of the polarizer is substan-
tially parallel with the width direction of the polarizing plate
with optical compensation layers. Thus, a liquid crystal
panel as shown in FIG. 6 was produced. As shown in FIG.
6, this liquid crystal panel is formed of an polarizing plate
with optical compensation layers 10 obtained above, the
liquid crystal cell 20, the A/4 plate (retardation plate) 30, and
a polarizing plate (polarizer) 11' that are stacked together in
this order from the visible side (upper side). The polarizing
plate with optical compensation layers 10 is formed of a
polarizing plate (polarizer) 11, the first optical compensation
layer 12, and the second optical compensation layer 13 that
are stacked together in this order from the visible side (upper
side). The second optical compensation layer 13 is formed of
the plastic film layer (TAC) 131 and the cholesterically
aligned and solidified layer 132 that are stacked together in
this order from the visible side (upper side). The polarizing
plates (polarizers) 11 and 11' each are formed of a polarizer
and protective films (TAC) stacked on both sides of the
polarizer.

[0179] The contrast ratio of this liquid crystal panel was
measured. The results of the measurement of the contrast
ratio of the liquid crystal panel according to Example 1 is
shown in a radar chart in FIG. 9.

COMPARATIVE EXAMPLE 1

[0180] A polarizing plate with optical compensation layers
was produced in the same manner as in Example 1 except
that the order of the first optical compensation layer and the
second optical compensation layer that were stacked
together was reversed. Using this polarizing plate with
optical compensation layers, a liquid crystal panel was
produced in the same manner as in Example 1.

[0181] The contrast ratio of the liquid crystal panel
obtained in Comparative Example 1 was measured. The
results thus obtained are shown in a radar chart in FIG. 9.
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[0182] As shown in FIG. 9, the liquid crystal panel includ-
ing the polarizing plate with optical compensation layers of
Example 1 was excellent in contrast ratio over a wide range
as compared to the liquid crystal panel of Comparative
Example. Furthermore, the polarizing plate with optical
compensation layers of Example 1 was excellent in viewing
angle compensation in the direction perpendicular to the
panel surface and the diagonal direction. Similarly, those of
Example 2 to 5 also were excellent in contrast ratio and
viewing angle compensation as in the case of Example 1.

[0183] Accordingly, when a polarizer, a first optical com-
pensation layer (A/4 plate), and a second optical compensa-
tion layer (negative C plate) were disposed in this order from
the visible side, excellent viewing angle compensation was
obtained particularly in the diagonal direction and circular
polarization was obtained in a wide wavelength range.
Moreover, it was confirmed that a reduction in thickness, an
improvement in brightness, and prevention of degradation in
contrast were achieved as compared to conventional one.

[0184] Next, in Examples 1 to 5, the alignment state of the
liquid crystal compound in forming the first optical com-
pensation layer was evaluated visually. As a result, the
alignment states of the liquid crystal compounds according
to Examples 1 to 3 were very good, while those of the liquid
crystal compounds according to Examples 4 and 5 were in
a practically acceptable level although irregularities in align-
ment were occurred.

[0185] The polarizing plate with optical compensation
layers of the present invention can be used suitably for
various image displays (for example, liquid crystal displays
and self-light-emitting displays).

[0186] The invention may be embodied in other forms
without departing from the spirit or essential characteristics
thereof. The embodiments disclosed in this application are to
be considered in all respects as illustrative and not limiting.
The scope of the invention is indicated by the appended
claims rather than by the foregoing description, and all
changes which come within the meaning and range of
equivalency of the claims are intended to be embraced
therein.

What is claimed is:
1. A polarizing plate with optical compensation layers,
comprising:

a polarizer;
a first optical compensation layer; and
a second optical compensation layer,

the polarizer, the first optical compensation layer, and the
second optical compensation layer being stacked
together in this order,

wherein the first optical compensation layer is formed of
a liquid crystal compound and has a relationship of
nx>ny=nz and an in-plane retardation Re, in a range of
100 to 170 nm,

the second optical compensation layer has a relationship
of nx=ny>nz and a thickness-direction retardation Rth,
in a range of 30 to 400 nm, and,

an angle formed between an absorption axis of the polar-
izer and a slow axis of the first optical compensation
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layer is in a range of 25 to 65 degrees in a clockwise
direction (=) or in a counterclockwise direction (+) with
respect to the absorption axis of the polarizer.

2. The polarizing plate with optical compensation layers
according to claim 1, wherein the first optical compensation
layer has a thickness in a range of 0.5 to 3 um.

3. The polarizing plate with optical compensation layers
according to claim 1, wherein the second optical compen-
sation layer includes a cholesterically aligned and solidified
layer with a selective reflection wavelength range of 350 nm
or shorter.

4. The polarizing plate with optical compensation layers
according to claim 1, wherein the second optical compen-
sation layer has a thickness in a range of 1 to 20 pm.

5. The polarizing plate with optical compensation layers
according to claim 1, wherein the second optical compen-
sation layer includes a layer formed of a film containing a
resin with an absolute value of photoelastic coefficient of
2x10  m*/N or lower and a cholesterically aligned and
solidified layer with a selective reflection wavelength range
of 350 nm or shorter, and the layer formed of a film
containing a resin has a relationship of nx=ny>nz.

6. The polarizing plate with optical compensation layers
according to claim 1, wherein the second optical compen-
sation layer comprises a layer formed of a non-liquid crystal
polymer.

7. The polarizing plate with optical compensation layers
according to claim 6, wherein the non-liquid crystal polymer
is at least one selected from the group consisting of polya-
mide, polyimide, polyester, polyetherketone, polyarylether-
ketone, polyamide imide, and polyesterimide.

8. The polarizing plate with optical compensation layers
according to claim 1, which does not contain a A/2 plate.

9. A liquid crystal panel, comprising a polarizing plate
with optical compensation layers according to claim 1 and a
liquid crystal cell,

wherein a second optical compensation layer is disposed
on a side closer to the liquid crystal cell and is disposed
on a visible side of the liquid crystal cell.
10. The liquid crystal panel according to claim 9, wherein
the liquid crystal cell is a VA mode or an ECB mode.
11. A liquid crystal display, comprising a liquid crystal
panel according to claim 9.
12. An image display, comprising a polarizing plate with
optical compensation layers according to claim 1.
13. A method of producing a polarizing plate with optical
compensation layers according to claim 1, the method
comprising:

producing a first optical compensation layer by applying
a liquid crystal compound to a rubbing-treated surface
of a long base film that has been subjected to a rubbing
treatment to be treated to have alignment, and fixing the
alignment,

wherein the rubbing treatment is carried out by a rubbing
method (A) below:

in a rubbing treatment process where the surface of the
long base film is rubbed with a rubbing roll, the long
base film is supported and conveyed by a conveyer belt
with a metal surface, while a plurality of backup rolls
are provided to support a lower surface of the conveyer
belt that supports the long base film and to oppose the
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rubbing roll, and a rubbing strength RS defined by rolls, i denotes a ratio of a circumference of a circle to
Formula (1) below is set at 800 mm or higher, its diameter, r indicates a radius (mm) of the rubbing
RS=NM{1+2m17) W roll, nr den.otes. a rotational speed (rpm) of the rubbing
. . roll, and v indicates a rate of conveying the long base
where N denotes the number of times of rubbing (the film (mm/sec).

number of rubbing rolls) (dimensionless quantity), M
indicates an indentation amount (mm) of the rubbing I T
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