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(57) ABSTRACT

A laminated polarizing film that is capable of enhancing a
viewing angle of a liquid crystal display device, particularly
in an IPS mode, is provided. The laminated polarizing film
can be obtained by adhering a phase retardation film and a
polarizing film by a roll-to-roll process. Specifically, the
laminated polarizing film contains a negative substantially
uniaxial optical film containing a thermoplastic polymer hav-
ing a negative molecular polarizability anisotropy, a positive
optical film containing a thermoplastic polymer having a
positive molecular polarizability anisotropy, and a polarizing
film, that are laminated at least in this order, a slow axis within
a film plane of the negative substantially uniaxial optical film
and a slow axis within a film plane of the positive optical film
are substantially in parallel to each other, and each are sub-
stantially perpendicular to an absorption axis of the polariz-
ing film, a positional relationship between a principal orien-
tation direction of polymer main chains of the negative
substantially uniaxial optical film and the absorption axis of
the polarizing film is substantially in parallel, and a positional
relationship between a principal orientation direction of poly-
mer main chains of the positive optical film and the absorp-
tion axis of the polarizing film is substantially perpendicular.
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Fig. 1
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Fig. 2
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Fig. 3
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Fig. 4
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Fig. 6
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LAMINATED POLARIZING FILM, PHASE
RETARDATION FILM, AND LIQUID
CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a laminated polar-
izing film that contributes to improvement in viewing angle
characteristics of a liquid crystal display device, a phase
retardation film used in the laminated polarizing film, and a
liquid crystal display device using the laminated polarizing
film.

BACKGROUND ART

[0002] In recent years, owing to improvement in perfor-
mance of a liquid crystal display device, particularly excel-
lent performance of a vertically alignment mode and an in-
plane switching (hereinafter referred to as IPS) mode, liquid
crystal television sets using the modes are replacing conven-
tional CRT television sets. A phase retardation film as an
optical film having an optical anisotropy plays an important
role for improvement of a liquid crystal display device, par-
ticularly enhancement of a viewing angle. For example, it is
one of the features of a conventional IPS mode that a wide
viewing angle is obtained without the use of a phase retarda-
tion film, but due to progress of techniques for enhancing a
viewing angle based on optical designing techniques using a
phase retardation film in recent years, it is becoming difficult
to distinguish the IPS mode from the other modes without the
use of a phase retardation film.

[0003] It has been known that a polarizing film containing
a dichroic dye, such as iodine and the like, has a problem in
viewing angle by itself. Specifically, in the case where two
polarizing films are disposed with absorption axes thereof
being perpendicular to each other, the films substantially do
not transmit light incident perpendicularly from the front, but
cannot completely block light incident at an azimuthal angle
other than the absorption axes due to a geometric apparent
deviation in absorption axes. The viewing angle in the IPS
mode cannot be further enhanced unless the problem in view-
ing angle of a polarizing film is resolved.

[0004] Under the circumstances, there is an increasing need
of development of optical designing techniques using a phase
retardation film for attaining further enhancement of a view-
ing angle in the IPS mode.

[0005] Inview ofthe need, for example, Non-patent Docu-
ment 1 discloses a system of optical compensation using a
biaxial phase retardation film. Non-patent Document 2 dis-
closes a viewing angle enhancing technique with a polarizing
film having a combination of a positive uniaxial A-plate and
a positive uniaxial C-plate, applied to enhancement of the
viewing angle of the IPS mode.

[0006] In the viewing angle enhancing techniques, it is
important to control a refractive index anisotropy of a phase
retardation film, and for example, Patent Documents 1 to 4
disclose such a technique that the principal refractive indices
in the three directions that are perpendicular to each other and
in parallel or perpendicular to the plane of the phase retarda-
tion film are controlled in such a manner that, specifically, the
principal refractive index in the thickness direction is larger
than one of the two principal refractive indices within the
plane and is smaller than the other of them, whereby the
viewing angle dependency of the phase retardation of the
phase retardation film is reduced.
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[0007] Patent Document 5 proposes a technique of improv-
ing the viewing angle dependency of the phase retardation
film by laminating a positive uniaxial optical film having an
optical axis within the plane thereof and a negative uniaxial
optical film having an optical axis within the plane thereof.

Non-patent Document 1

[0008] Yukita Saitoh, Shinichi Kimura, Kaoru Kusafuka
and Hidehisa Shimizu, Japanese Journal of Applied Physics,
vol. 37, pp. 4822-4828 (1998)

Non-patent Document 2

[0009] J.Chen, K.-H. Kim, J.-I. Jyu, I. H. Souk, J. R. Kelly
and P. J. Bos, Society for Information Display *98 Digest, p.
315 (1998)

Patent Document 1

[0010] Japanese Patent 2,612,196

Patent Document 2

[0011] Japanese Patent 2,994,013

Patent Document 3

[0012] Japanese Patent 2,818,983

Patent Document 4

[0013] Japanese Patent 3,168,850

Patent Document 5

[0014] Japanese Patent 2,809,712

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0015] However, there are unlimited demands for enhanc-
ing a viewing angle ofa liquid crystal display device, and itis
demanded to be further enhanced.

[0016] In conventional techniques, furthermore, a phase
retardation film and a polarizing film are produced in separate
processes into separate rolls, and upon producing a laminated
body thereof, it is necessary to adhere them in a certain
measure through a tackiness agent or the like, A roll of a
laminated polarizing film having a phase retardation film and
a polarizing film adhered to each other has not yet been
realized.

[0017] This is because a roll of a laminated polarizing film
having a phase retardation film and a polarizing film adhered
to each other is produced necessarily by roll-to-roll lamina-
tion using a roll of a phase retardation film and a roll of a
polarizing film. Specifically, a laminated polarizing film
exhibiting stable performance cannot be obtained since upon
conducting roll-to-roll lamination, the controlling range of
the phase retardation and the controlling direction of the
optical axis vary depending on the materials, the production
process and the like of the phase retardation film used.
[0018] However, production of a laminated polarizing film
by a roll-to-roll process not only improves the productivity of
the laminated polarizing film, but also expects, for example,
improvement in polarizing capability by improving accuracy
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in adhesion angle and the like. Accordingly, novel optical
design and novel material design capable of attaining roll-to-
roll lamination are demanded.

[0019] An object of the invention is to provide a laminated
polarizing film that is capable of enhancing a viewing angle of
a liquid crystal display device, particularly in an IPS mode.
[0020] Another object of the invention is to provide a lami-
nated polarizing film having a phase retardation film and a
polarizing film having been adhered by a roll-to-roll process.

Means for Solving the Problems

[0021] The inventors have made earnest investigations for
attaining the objects. As a result, it has been successfully
found a compensation constitution and a material constitution
that are capable of enhancing a viewing angle of a liquid
crystal display device, particularly in an IPS mode, and
capable of adhering a phase retardation film and a polarizing
film by a roll-to-roll process.

[0022] The objects of the invention is attained by, as a first
aspect:

[0023] a laminated polarizing film containing a negative
substantially uniaxial optical film containing a thermoplastic
polymer having a negative molecular polarizability anisot-
ropy, a positive optical film containing a thermoplastic poly-
mer having a positive molecular polarizability anisotropy,
and a polarizing film, that are laminated at least in this order,
a slow axis within a film plane of the negative substantially
uniaxial optical film and a slow axis within a film plane of the
positive optical film being substantially in parallel to each
other, and each being substantially perpendicular to an
absorption axis of the polarizing film,

[0024] a positional relationship between a principal orien-
tation direction of polymer main chains of the negative sub-
stantially uniaxial optical film and the absorption axis of the
polarizing film being substantially in parallel, and a positional
relationship between a principal orientation direction of poly-
mer main chains of the positive optical film and the absorp-
tion axis of the polarizing film being substantially perpen-
dicular.

[0025] The objects of the invention is attained by, as a
second aspect:

[0026] a laminated polarizing film containing a positive
substantially uniaxial optical film containing a thermoplastic
polymer having a positive molecular polarizability anisot-
ropy, a negative optical film containing a thermoplastic poly-
mer having a negative molecular polarizability anisotropy,
and a polarizing film, that are laminated at least in this order,
a slow axis within a film plane of the positive substantially
uniaxial optical film and a slow axis within a film plane of the
negative optical film each being substantially in parallel to an
absorption axis of the polarizing film,

[0027] a positional relationship between a principal orien-
tation direction of polymer main chains of the positive sub-
stantially uniaxial optical film and the absorption axis of the
polarizing film being substantially in parallel, and a positional
relationship between a principal orientation direction of poly-
mer main chains of the negative optical film and the absorp-
tion axis of the polarizing film being substantially perpen-
dicular.

ADVANTAGES OF THE INVENTION

[0028] The laminated polarizing film of the invention
attains enhancement of a viewing angle of a polarizing film
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and attains high performance of a laminated polarizing film.
Application of the laminated polarizing film to aliquid crystal
display device, particularly in an IPS mode, enhances a view-
ing angle of the liquid crystal display device.

[0029] In the laminated polarizing film of the invention, a
phase retardation film and a polarizing film can be adhered
continuously by a roll-to-roll process, whereby for example,
the polarizing capability can be improved by improving accu-
racy in adhesion angle and the like, and the productivity can
be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG.1isanarrangement view of optical elements in
Examples 1 and 3 to 5. The angles in the figure show azi-
muthal angles. Adhesion layers and tackiness agent layers
between the optical elements are omitted.

[0031] FIG.2isanarrangement view of optical elements in
Example 2. The angles in the figure show azimuthal angles.
Adhesion layers and tackiness agent layers between the opti-
cal elements are omitted.

[0032] FIG.3isanarrangement view of optical elements in
Comparative Example 1. The angles in the figure show azi-
muthal angles. Adhesion layers and tackiness agent layers
between the optical elements are omitted.

[0033] FIG.4isanarrangement view of optical elements in
Comparative Example 2. The angles in the figure show azi-
muthal angles. Adhesion layers and tackiness agent layers
between the optical elements are omitted.

[0034] FIG. 5is transmittance spectra in a black state at an
incident angle of 60° and an azimuthal angle of 45° of liquid
crystal display devices in Examples 1 to 5 and Comparative
Examples 1 and 2.

[0035] FIG. 61isanarrangement view of optical elements in
Examples 6 and 8 to 10. The angles in the figure show azi-
muthal angles. Adhesion layers and tackiness agent layers
between the optical elements are omitted.

[0036] FIG.7isanarrangement view of optical elements in
Example 7. The angles in the figure show azimuthal angles.
Adhesion layers and tackiness agent layers between the opti-
cal elements are omitted.

[0037] FIG. 8isan arrangement view of optical elements in
Comparative Example 3. The angles in the figure show azi-
muthal angles. Adhesion layers and tackiness agent layers
between the optical elements are omitted.

[0038] FIG.9isanarrangement view of optical elements in
Comparative Example 4. The angles in the figure show azi-
muthal angles. Adhesion layers and tackiness agent layers
between the optical elements are omitted.

[0039] FIG. 10 is transmittance spectra in a black state at an
incident angle of 60° and an azimuthal angle of 45° of liquid
crystal display devices in Examples 6 to 10 and Comparative
Examples 3 and 4.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0040] Inthe invention, the “phase retardation film” means
one type of a polarization scrambler that applies a phase
retardation to polarized light to produce another polarization
state, and the negative substantially uniaxial optical film and
the positive optical film used in the first laminated polarizing
film of the invention, and the positive substantially uniaxial
optical film and the negative optical film used in the second
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laminated polarizing film of the invention are defined as one
type of a phase retardation film.

[0041] Accordingly, the negative substantially uniaxial
optical film and the positive optical film, and the positive
substantially uniaxial optical film and the negative optical
film may be hereinafter referred to as an optical film or a
phase retardation film in some cases.

[0042] Inthe invention, the “thermoplastic polymer having
a positive molecular polarizability anisotropy” is defined as
such a material that upon uniaxially stretching in machine
direction with freedom in transversal direction, the stretching
direction agrees with the direction where the refractive index
1s maximized within the film plane. The “thermoplastic poly-
mer having a negative molecular polarizability anisotropy” is
defined as such a material that upon uniaxially stretching in
machine direction with freedom in transversal direction, the
direction perpendicular to the stretching direction agrees with
the direction where the refractive index is maximized within
the film plane.

[0043] In general, the in-plane phase retardation value (R
value), the orientation index in the thickness direction Nz, and
the three-dimensional refractive indices n, n, and n, depend
on the wavelength, and in the invention, they are values mea-
sured at a measurement wavelength of 550 nm unless other-
wise indicated. Inthe invention, the three-dimensional refrac-
tive indices n,, n, and n, are defined as follows:

n,: refractive index in the direction within the film plane
where the refractive index is maximized

n,: refractive index in the direction within the film plane
perpendicular to the direction where the refractive index is
maximized

1, refractive index in the normal direction with respect to the
film plane

[0044] Thein-plane phase retardation value (R value) (nm)
is defined by using the three-dimensional refractive indices as
follows:

R=(n,~n,)xd 4

wherein d represents the thickness (nm).

[0045] The orientation index in the thickness direction Nz
1s defined by using the three-dimensional refractive indices as
Tollows:

Nz=(n—n.)/(n,-n,) (5)

[0046] The invention will be described in detail below.
[0047] The first laminated polarizing film of the invention
will be described.
[0048] In the first laminated polarizing film, the “negative
uniaxiality” means that the orientation index in the thickness
direction Nz defined by the expression (5) is Nz=0, and the
“negative substantially uniaxial optical film” is defined as the
expression (6):

-0.2<Nz<0.2 (6)
[0049] The orientation index in the thickness direction Nz

ofthe negative substantially uniaxial optical film is preferably
-0.1<Nz<0.1, and more preferably -0.05<Nz<0.05.

[0050] The “positive optical film” in the first laminated
polarizing film is defined by the orientation index in the
thickness direction Nz as the expression (7):

Nzz=1 7

[0051] In the first laminated polarizing film, the state where
the slow axes within the film plane of the negative substan-
tially uniaxial optical film and the positive optical film are
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“substantially in parallel” to each other means that the angle
between the axes is in a range of +2°, preferably in a range of
x1°, and more preferably in a range of £0.5°.

[0052] The state where the slow axes within the film plane
of the negative substantially uniaxial optical film and the
positive optical film are “substantially perpendicular” to the
absorption axis of the polarizing film means that the angle
between the axes is in a range of 90+2°, preferably in a range
0f 90+1°, and more preferably in a range of 90+0.5°.

[0053] For enabling formation of the first laminated polar-
izing film of the invention capable of improving a viewing
angle of a polarizing film by a roll-to-roll process, it is nec-
essary that the principal orientation direction of polymer
main chains of the negative substantially uniaxial optical film
and the absorption axis of the polarizing film are substantially
in parallel to each other, and the principal orientation direc-
tion of polymer main chains of the positive optical film and
the absorption axis of the polarizing film are substantially
perpendicular to each other.

[0054] Inthe invention, the “principal orientation direction
of polymer main chains” is the principal orientation direction
within the film plane where the polymer main chains are
oriented statistically most frequently, and in general, can be
identified by a combination of an optical measuring method,
such as measurement of a refractive index, birefringence
index or the like, and a method of analyzing the molecular
vibration direction by a dichroic infrared spectroscopy, and
the like. In uniaxial stretching, the stretching direction is
generally the “principal orientation direction of polymer
main chain”.

[0055] One preferred embodiment of the first laminated
polarizing film of the invention is, from the standpoint of
improvement in performance, the laminated polarizing film
in a roll form, in which the slow axes within the film plane of
the negative substantially uniaxial optical film and the posi-
tive optical film are substantially perpendicular to the longi-
tudinal direction, and the absorption axis of the polarizing
film is substantially in parallel to the longitudinal direction.

[0056] The state where the slow axes within the film plane
of the negative substantially uniaxial optical film and the
positive optical film are “substantially perpendicular” to the
longitudinal direction means that the in-plane slow axes are in
a range of 90x2°, preferably in a range of 90+1°, and more
preferably in a range of 90+0.5°, with respect to the longitu-
dinal direction being 0°.

[0057] Similarly, the state where the in-plane absorption
axis of the polarizing film is “substantially in parallel” to the
longitudinal direction means that the absorption axis is in a
range of £2°, preferably in a range of +1°, and more prefer-
ably in a range of £0.5°, with respect to the longitudinal
direction being 0°.

[0058] A polarizing film exhibiting performance with
molecular orientation of an absorptive dichroic substance,
such as iodine and the like, having been widely used is gen-
erally produced by continuous longitudinal uniaxial stretch-
ing for obtaining a high polarization degree, and therefore, the
absorption axis thereof is in the longitudinal direction.
Accordingly, for obtaining the first laminated polarizing film
ofthe invention by aroll-to-roll process, it is preferred that the
slow axes in the film plane of the negative substantially
uniaxial optical film and the positive optical film are substan
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tially perpendicular to the longitudinal direction, and the
absorption axis of the polarizing film is substantially in the
longitudinal direction. As a method for obtaining the state of
the directions of the axes, it is preferred that the negative
substantially uniaxial optical film is produced by longitudinal
uniaxial stretching, and the positive optical film is produced
by transversal uniaxial stretching.

[0059] For obtaining the first laminated polarizing film of
the invention that is excellent in performance, the in-plane
phase retardation value R ,(A) of the negative substantially
uniaxial optical film is preferably in a range of:

SOSR,(MS170 o)
more preferably in a range of:

60=Ryz4(W=160 8
further preferably in a range of:

TO=R gz (W=150 ©)
and particularly preferably in a range of:

80=R (M =140 10)

[0060] The in-plane phase retardation value R 5, and the
orientation index in the thickness direction Nz defined by the
expression (5) of the positive optical film are preferably:

10=Rpy(M)=100 (2)
and
1=Nz(M)=2 3)

more preferably:

1S =R (1) =90 1)
and
LOSEN(W)=17 12)
further preferably:
20=R oy ANE80 (13)
and
LI=N (=15 14)

and particularly preferably:

25 =R AN)=T0 {15
and
115=N:(M)=1.4 16)

[0061] The ranges are determined from the standpoint of
the polarization performance, the adequateness to a roll-to-
roll process, and the like.

[0062] In the first laminated polarizing film of the inven-
tion, at least one of the negative substantially uniaxial optical
film and the positive optical film preferably has reverse wave-
length dispersion characteristics of the phase retardation. The
reverse wavelength dispersion characteristics of the phase
retardation satisfies the expression (17):

R(M)<RO2) a7

[0063] In the expression (17), R represents the absolute
value of the phase retardation, and A represents the measure-
ment wavelength (nm) and satisfies 400 nm<i1<A2<700 nm.
[0064] In the first laminated polarizing film of the inven-
tion, in the case where at least one of the negative substan-
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tially uniaxial optical film and the positive optical film has
reverse wavelength dispersion characteristics of the phase
retardation, a wide bandwidth property can be imparted to the
polarizing capability of the laminated polarizing film, and as
aspecific effect on applying to a liquid crystal display device,
the transmittance dispersion can have a wide bandwidth to
suppress color shift due to change in viewing angle. While the
effect can be obtained when at least one of the optical films
has the reverse wavelength dispersion characteristics, it is
preferred that both of them have the reverse wavelength dis-
persion characteristics.

[0065] As more preferred reverse wavelength dispersion
characteristics, the following expressions (18) and (19) are
simultaneously satisfied:

0.50<R(430)/R(550)<0.99 (18)

1.01<R(650)/R(550)<1.50 (19)

(wherein R(450), R(550) and R(650) are in-plane phase retar-
dation values of the phase retardation film measured at mea-
surement wavelengths of 450, 550 and 650 nm, respectively).

[0066] A material for the phase retardation film used in the
first laminated polarizing film of the invention is necessarily
a thermoplastic polymer, and is preferably non-crystalline at
a molding temperature of the film, from the standpoint of
moldability and the like.

[0067] The thermoplastic polymer having a negative
molecular polarizability anisotropy forming the negative sub-
stantially uniaxial optical film used in the first laminated
polarizing film is preferably an amorphous polymer from the
standpoint of moldability, controllability in phase retardation,
and the like. Examples thereof include polycarbonate, poly-
styrene, syndiotactic polystyrene, amorphous polyolefin, a
polymer having a norbornene skeleton, an organic acid-sub-
stituted cellulose polymer, polyether sulfone, polyarylate,
polyester, polyamide, polyimide, olefin maleimide, copoly-
mer olefin maleimide having a phenyl group, a blend of
polystyrene and polyphenylene oxide, and the like.

[0068] The thermoplastic polymer having a negative
molecular polarizability anisotropy forming the negative sub-
stantially uniaxial optical film used in the first laminated
polarizing film is particularly preferably one containing poly-
carbonate having a fluorene skeleton. For imparting a nega-
tive molecular polarizability to a polymer, in general, it is
necessary to provide a bulky molecular group in the side chain
direction, and this makes the polymer brittle. Polycarbonate
has a flexible structure owing to a high rotation freedom of the
carbonate bond, which brings about an excellent mechanical
strength even when a bulky molecular group is present on the
side chain, and therefore it can be a film that is optimum as an
optical film for a display device.

[0069] A fluorene skeleton is oriented perpendicularly to
the polymer main chain, and thus a large negative molecular
polarizability anisotropy can be obtained.

[0070] A preferred chemical structure of the polycarbonate
having a fluorene skeleton capable of forming the negative
substantially uniaxial optical film used in the first laminated
polarizing film is a polymer or a polymer blend containing a
repeating unit represented by the following formula (I):
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wherein R*' to R** each independently represent a group
selected from the group consisting of a hydrogen atom, a
halogen atom, a hydrocarbon group having from 1 to 6 carbon
atoms and a hydrocarbon-O— group having from 1 to 6
carbon atoms; X represents a group represented by the fol-
lowing formula (1)-1:

(1)-1

R* and R*! each independently represent a group selected
from the group consisting of a halogen atom and an alkyl
group having from 1 to 3 carbon atoms; and n and m each
independently represent an integer of from 0 to 4.

[0071] The content of the repeating unit represented by the
formula (I) in the polymer or the polymer blend is preferably
from 50 to 99% by mol, more preferably from 60 to 95% by
mol, and further preferably from 70 to 90% by mol, based on
the total repeating units of the polymer or the polymer blend.

[0072] The polycarbonate material having a fluorene skel-
etoncan be preferably used as the phase retardation film in the
first laminated polarizing film of the invention since it has a
high glass transition temperature and is excellent in handle-
ability, stretching and molding property, and the like.

[0073] A more preferred polycarbonate material capable of
forming the negative substantially uniaxial optical film used
in the first laminated polarizing film contains the repeating
unit represented by the formula (I) and a repeating unit rep-
resented by the following formula (II):

an

R49 RS(I R53 R54

in which the content of the repeating unit represented by the
formula (I) is from 50 to 99% by mol, more preferably from
60 to 95% by mol, and further preferably from 70 to 90% by
mol, based on the total of the repeating units represented by
the formulae (I) and (II).
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[0074] In the formula (I), R* to R>® each independently
represent a group selected from the group consisting of a
hydrogen atom, a halogen atom and a hydrocarbon group
having from 1 to 22 carbon atoms; and Y represents a group
selected from the group consisting of groups represented by
the following formulae:

RY Ar?
| |
—— —C—> —C—
i |
Ar
_C_
RS
CH;3, —l—,
H,C |
CH; RSO
a u
—C / CH3, S —S—
|'_<<::;Zgl_ u
CHs /
HaC
—<:>—a —C—0—RO—0—C—
I I
(0]
RS
—li— and  —R63—
1|{52

[0075] InY, R*” to R*®, R®' and R each independently
represent a group selected from the group consisting of a
hydrogen atom, a halogen atom and a hydrocarbon group
having from 1 to 22 carbon atoms, such as an alkyl group and
an aryl group; R% and R*® each independently represent a
group selected from the group consisting of a hydrocarbon
group having from 1 to 20 carbon atoms, such as an alkyl
group and an aryl group; and Ar" to Ar’ each independently
represent a group selected from the group consisting of an
aryl group having from 6to 10 carbon atoms, such as a phenyl
group.

[0076] The polycarbonate copolymer having a fluorene
skeleton and/or the polymer blend can be produced by a
known method. For example, it can be preferably produced
by a method of polycondensation of a dihydroxy compound
and phosgene, a melt-polycondensation method, a solid-state
polymerization method or the like. In the case of the blend, a
compatible blend is preferred, but even when the components
are not completely compatible, the combination of the refrac-
tive indices of the components can suppress light scattering
among the components to improve the transparency.

[0077] The thermoplastic polymer having a positive
molecular polarizability anisotropy forming the positive opti-
cal film used in the first laminated polarizing film is prefer-
ably an amorphous polymer from the standpoint of moldabil-
ity, controllability in phase retardation, and the like.
Examples the thermoplastic polymer include polycarbonate,
an organic acid-substituted cellulose polymer, polyimide,
polyamide, polyester, polyether ketone, polyarylate, polyaryl
ether ketone, polyamideimide, polyesterimide and polyole-
fin. The thermoplastic polymer may be used solely or as a
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blend of two or more kinds thereof. Among these, one con-
taining amorphous polyolefin is further preferred from the
standpoint of the wavelength dispersion characteristics of the
phase retardation.

[0078] The thermoplastic polymer having a positive
molecular polarizability anisotropy forming the positive opti-
cal film used in the first laminated polarizing film is particu-
larly preferably amorphous polyolefin having a norbornene
skeleton, and most preferably a thermoplastic polymer that (i)
is a copolymer containing ethylene and norbornene, and (ii)
has a ratio of the meso configuration and the rasemo configu-
ration of meso/rasemo>4 in the steric configuration of the
dyad of the norbornene unit.

[0079] A preferred structure and the like of the amorphous
polyolefin will be described below. The amorphous polyole-
fin capable of forming the positive optical film used in the first
laminated polarizing film is preferably a copolymer of ethyl-
ene and norbornene formed through vinyl polymerization,
and contains the following repeating units (A) and (B):

NN

[0080] The glass transition temperature (Tg) of the copoly-
mer is preferably in a range of from 100 to 180° C. In the
copolymer, the composition of the repeating units (A) and (B)
substantially correlates to the glass transition temperature,
and the molar ratio of the repeating units is preferably in a
range of (A)(B)=61/39 to 40/60. The glass transition tem-
perature is more preferably in a range of from 120to 160° C.,
and the molar ratio of the repeating units is more preferably in
a range of (A)/(B)=57/43 to 46/54. The composition can be
determined by **C-NMR measurement.

[0081] The copolymer may further contain, in addition to
the repeating units (A) and (B), a repeating unit derived from
other polymerizable vinyl monomers in such an amount that
does not impair the advantages of the invention. Examples of
the other vinyl monomers include a cyclic olefin represented
by the following formula (C):

(In formula (C), n represents 0 or 1; m represents O or a
positive integer; p represents 0 or 1; and R' to R*® each
independently represent a group selected from the group con-
sisting of a hydrogen atom, a halogen atom and a saturated or
unsaturated aliphatic hydrocarbon group having from 1 to 12
carbon atoms, in which R'” and R*® or R' and R* may form
an alkylidene group, R'” and R'® or R' and R*° may form a
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ring, and the ring may have a double bond), an ct-olefin having
from 3 to 18 carbon atoms, such as propylene, 1-butene,
1-hexene, 4-methyl-1-pentene, 1-octene, 1-decene,
1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene and
the like, a cycloolefin, such as cyclobutene, cyclopentene,
cyclohexene, 3-methylcyclohexene, cyclooctene and the like,
and the like.

[0082] Among these, an a-olefin having from 3 to 18 car-
bon atoms is preferably used since it can be used as a molecu-
lar weight controlling agent upon polymerization, and in
particular, 1-hexene is preferably used. The other vinyl mono-
mers may be used solely or in combination of two or more
kinds thereof. The content of the repeating unit derived from
the other vinyl monomers is preferably 10% by mol or less,
and more preferably 5% by mol or less, based on the total
repeating units.

[0083] The molecular weight of the copolymer of ethylene
and norbornene that is preferably used as the thermoplastic
polymer having a positive molecular polarizability anisot-
ropy forming the positive optical film is preferably in a range
of from 0.1 to 10 dL/g, and more preferably from 0.3 to 3
dL/g, in terms of the reduced viscosity nsp/c measured as a
cyclohexane solution having a concentration of 0.5 g/L at 30°
C. In the case where the educed viscosity msp/c is less than
0.1, it is not preferred since the film becomes brittle, and in the
case where it exceeds 10, the melt molding of the film is
difficult to be carried out due to a too high viscosity.

[0084] As the copolymer that is preferably used as the
thermoplastic polymer having a positive molecular polariz-
ability anisotropy forming the positive optical film, one kind
ofthe copolymer may be used as it is, two or more kinds of the
copolymers that are different in composition and molecular
weight may be blended. In the case of the blend, the afore-
mentioned preferred composition and molecular weight are
those totally for the blend. In the case where the blend is used,
copolymers having copolymerization compositions close to
each other are preferably used from the standpoint of com-
patibility. In the case where the compositions are too remote
from each other, there is a possibility of phase separation
occurring upon blending, and there is also a possibility of
whitening of the film upon forming or stretching the film.

[0085] In an ethylene-norbornene copolymer, generally, a
norbornene chain is present in a certain amount in any case
while depending on the polymerization method, the catalyst
used, the composition and the like. It has been known that a
steric configuration of a dyad of a vinyl polymerization type
norbornene component (hereinafter referred to as an NN
dyad) has two stereoisomers, i.¢., a repeating unit represented
by the following formula (D) (meso configuration) and a
repeating unit represented by the following formula (E)
(rasemo configuration):

)

(meso configuration)
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-continued

(rasemo configuration)

[0086] The copolymer that is preferably used as the ther-
moplastic polymer having a positive molecular polarizability
anisotropy forming the positive optical film preferably has a
ratio of the meso configuration and the rasemo configuration
of meso/rasemo>4 (molar ratio), and more preferably meso/
rasemo>6. The upper limit of the ratio is not particularly
limited, and a ratio as high as possible is preferred since it is
preferred for exhibiting birefringence.

[0087] Theratio of the steric isomers of the NN dyad can be
obtained by *C-NMR according to a reference literature
where the stereoregularity of an ethylene-norbornene copoly-
mer is analyzed (Macromol. Rapid Commmun., vol. 20, p.
279 (1999)), and in the first laminated polarizing film of the
invention, it designates a value calculated in a *C-NMR
spectrum measured with deuterated o-dichlorobenzene as a
solvent as meso/rasemo—(peak area at 28 3 ppm in *C-NMR
spectrum)/(peak area at 29.7 ppm in >C-NMR spectrum). In
the case where the ratio becomes smaller as less than 4, 1.e.,
the proportion of the rasemo type is increased, the exhibition
of birefringence is lowered. As a countermeasure thereto,
there are some cases where an intended phase retardation can
be obtained by such a measure as increasing the film thick-
ness, increasing the stretching ratio, stretching at a lower
temperature, and the like, but the measure is not preferred
from the standpoint of low thickness, productivity and the
like.

[0088] In the analysis of '*C-NMR, the ratio (molar frac-
tion) of the NN dyad with respect to the total amount of the
norbornene component, i.e., the ratio of the norbornene com-
ponent that forms the dyad structure, can be obtained, which
is preferably in a range of about from 0.1 to 0.6 in the first
laminated polarizing film of the invention. The molar fraction
referred herein is calculated as (peak area at 28.3 ppm in
13C-.NMR spectrum +peak area at 29.7 ppm in **C-NMR
spectrum)/(peak area of one carbon atom of total norbornene
component).

[0089] Preferred examples of a production method of the
ethylene-norbornene copolymer that is preferably used as the
thermoplastic polymer having a positive molecular polariz-
ability anisotropy forming the positive optical film include a
method of copolymerizing ethylene and norbornene by using
a metallocene catalyst. The metallocene catalyst used for
copolymerization is represented by the following formula

(F):
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[0090] In the formula (F), M represents a metal selected
from the group consisting of titanium, zirconium and
hafnium; R** and R**, which may be the same as or different
from each other, each represent a group selected from the
group consisting of a hydrogen atom, a halogen atom, a
saturated or unsaturated hydrocarbon group having from 1 to
12 carbon atoms, an alkoxy group having from 1 to 12 carbon
atoms and an aryloxy group having from 6 to 12 carbon
atoms; R** and R**, which may be the same as or different
from each other, each represent a monocyclic or polycyclic
hydrocarbon group capable of forming a sandwich structure
with the center metal M; and R** is a bridge connecting the
group R*? and the group R** and represents a linking group
selected from the following formulae:

RZG R26 RZS RZG RZS
| || ||
—C—: —(0—C— —C—Si—:
1|{27 I|{27 I|{29 I|{27 R
RZG RZG RZS
| | |
—C—0—> —(—0—C—:>
1|{27 I|{27 R
R26 R28 R26 R R28
| | | ||
—38j—0—8j—> —S8ij—> —S8i—S8i—>
R27 I|{29 I|{27 I|{27 I|{29
R26
|
—Si—0—> —0—: —§—
1|{27
—§—> —S80— —§—:
| |
0]

wherein R to R*®, which may be the same as or different
from each other, each represent a group selected from the
group consisting of a hydrogen atom, a halogen atom, a
saturated or unsaturated hydrocarbon group having from 1 to
12 carbon atoms, an alkoxy group having from 1 to 12 carbon
atoms and an aryloxy group having from 6 to 12 carbon
atoms, or R*® and R*” or R** and R*® may form a ring,

[0091] In the case where R*? and R*? as ligands are the
same as each other, it preferably has C2 symmetry, and in the
case where they are different from each other, it preferably
has C1 symmetry, with respect to the center metal M. In view
of the catalyst activity, R** and R* each preferably represent
a group selected from the group consisting of a pentadienyl
group, an indenyl group and an alkyl- or aryl-substituted
group thereof, and the center metal M is most preferably
zirconium. R** and R*> may be the same as or different from
each other and each preferably represent an alkyl group hav-
ing from 1 to 6 carbon atoms or a halogen atom, particularly
achlorine atom. R*°to R*® each preferably represents a group
selected from the group consisting of a hydrogen atom, an
alkyl group having from 1 to 6 carbon atoms and a phenyl
group, and preferred examples of R* include a lower alky-
lene group, such as a methylene group, an ethylene group, a
propylene group and the like, an alkylidene group, such as
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isopropylidene and the like, a substituted alkylene group,
such as diphenylmethylene and the like, and a substituted
slylene group, such as dimethylsylilene, diphenylsilylene and
the like.

[0092] Specific examples of preferred metallocene include
isopropylidene-(cyclopentadienyl) (1-indenyl) zirconium
dichloride,  isopropylidene-[(3-methyl)cyclopentadienyl]
(1-indenyl) zirconium dichloride, dimethylsilylene-(cyclo-
pentadienyl) (1-indenyl) zirconium dichloride, dimethylsi-
lylene-bis(1-indenyl) zirconium dichloride, diphenylsi-
lylene-bis(1-indenyl) zirconium dichloride, ethylene-bis(1-
indenyl)zirconium dichloride, isopropylidene-bis(1-indenyl)
zirconium dichloride and the like.

[0093] These may be used solely or in combination of two
or more kinds thereof. As an auxiliary catalyst for metal-
locene, a known material may be used, such as methylalumi-
noxane as an organoaluminoxy compound, a combination of
an ionic boron compound and an alkylaluminum compound,
and the like.

[0094] The ethylene-norbornene copolymer that is prefer-
ably used as the thermoplastic polymer having a positive
molecular polarizability anisotropy forming the positive opti-
cal film can be polymerized by a known polymerization
method using the metallocene catalyst with a hydrocarbon
solvent, such as toluene, xylene, cyclohexane and the like,
and the resulting copolymer can be isolated by filtering from
the solution obtained after the polymerization by a method,
such as reprecipitating in a poor solvent, such as an alcohol
and the like, followed by rinsing, adsorbing the catalyst to an
adsorbent, aggregating and depositing by adding a certain
additive, and the like method, and then distilling off the sol-
vent.

[0095] Upon production (polymerization) of the copoly-
met, a known additive may be added depending on necessity,
such as an antioxidant, e.g., Irganox (a trade name) 1010 and
1076 (produced by Ciba-Geigy) and the like, a lubricant, a
plasticizer, a surfactant, an ultraviolet ray absorbent, an anti-
static agent and the like.

[0096] The negative substantially uniaxial optical film and
the positive optical film used in the first laminated polarizing
film of the invention can be produced by forming the thermo-
plastic polymer into a film, which is then stretched.

[0097] As a specific film forming method, for example, an
unstretched film of the thermoplastic polymer is produced by
a known method, such as a solution cast method, a melt
extrusion method, a heat-press method, a calendering method
and the like, and then uniaxially or biaxially stretched to
provide a film. Among these, a melt extrusion method is
preferred from the standpoint of productivity, economy and
environmental conditions including solvent-free production.
[0098] In the melt extrusion method, such a method is pref-
erably employed that a resin is extruded with a T-die and fed
to a cooling roll. The resin temperature upon extrusion is
determined in consideration of the flowability, the thermal
stability and the like of the resin. For example, in the case
where the ethylene-norbornene copolymer is used as the ther-
moplastic resin, it is preferably carried out at a temperature in
a range of from 220 to 300° C. In the case where the tempera-
ture is less than 220° C., the melt viscosity of the resin
becomes too high, and in the case where it exceeds 300° C.,
there is apossibility that the transparency and homogeneity of
the film are lost due to decomposition and deterioration or
gelation of the resin. The temperature is more preferably in a
range of from 220 to 280° C. An antioxidant is preferably
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added for suppressing oxidation deterioration of the resin
from occurring upon melt extrusion.

[0099] In the case where the film is formed by a solution
cast method, a hydrocarbon solvent, such as toluene, xylene,
cyclohexane, decalin and the like, is preferably used.

[0100] Upon forming the unstretched film, fluctuation in
thickness is preferably as small as possible.

[0101] The thickness in the state of the unstretched film 1s
determined in consideration of an intended phase retardation
value and thickness of a phase retardation film afier stretch-
ing, and is preferably in a range of from 10 to 400 pm, more
preferably in a range of from 30 to 300 pum, and further
preferably in a range of from 40 to 150 um.

[0102] The unstretched film thus obtained is uniaxially or
biaxially stretched to provide the negative substantially
uniaxial optical film and the positive optical film used in the
first laminated polarizing film of the invention. Examples of
the stretching method used include known methods, such as
longitudinal uniaxial stretching between rolls, transversal
uniaxial stretching using a tenter, and simultaneous biaxial
stretching and sequential biaxial stretching using the combi-
nation of them. The stretching temperature is preferably
around the glass transition point of the thermoplastic polymer
used, and for example, is preferably in a range of from (Tg—
20° C.) to (Tg+30° C.), and more preferably from (Tg-10°
C.) to (Tg+20° C.), with respect to the glass transition point
(Tg) of the thermoplastic polymer.

[0103] In the first laminated polarizing film of the inven-
tion, the negative substantially uniaxial optical film is prefer-
ably produced as a longitudinally uniaxially stretched film.
According to the constitution, a negative substantially
uniaxial optical film in a roll form having a slow axis in a
direction substantially perpendicular to the longitudinal
direction within the film plane can be produced. The positive
optical film is preferably produced as a transversally uniaxi-
ally stretched film. According to the constitution, a positive
optical film in a roll form having a slow axis in a direction
substantially perpendicular to the longitudinal direction
within the film plane can be produced. By using them and a
polarizing film having an absorption axis in the longitudinal
direction, the first laminated polarizing film of the invention
can be produced by a roll-to-roll process.

[0104] The negative substantially uniaxial optical film and
the positive optical film used in the first laminated polarizing
film of the invention may further contain a low molecular
weight additive, such as an ultraviolet ray absorbent, e.g.,
phenylsalicylic acid, 2-hydroxybenzophenone, triphenyl
phosphate and the like, a bluing agent for changing color tone,
an antioxidant and the like.

[0105] The polarizing film constituting the first and second
laminated polarizing films of the invention is not particularly
limited, and an appropriate one capable of providing light in
aprescribed polarized state may be used. In the invention, one
capable of providing transmitted light in a linearly polarized
state is preferably used. Examples of the polarizing film
include a polarizing film obtained by adsorbing iodine and/or
a dichroic dye to a hydrophilic polymer film, such as a poly-
vinyl alcohol film, a partially formalated polyvinyl alcohol
film and a partially saponified ethylene-vinyl acetate copoly-
mer film, which is then stretched, a polarizing film containing
a polyene orientation film, such as a dehydrated product of
polyvinyl alcohol and a dehydrochloration product of poly-
vinyl chloride, and the like.
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[0106] The polarizing film used in the first and second
laminated polarizing films of the invention preferably has
such a structure that the polarizing film is held between a pair
of films for protecting the polarizing film (which are herein-
after referred to as protective films).

[0107] In the case where the protective film for the polar-
izing film is present in the polarizing film, the optical anisot-
ropy thereof is preferably as small as possible, and specifi-
cally, the in-plane phase retardation value (R(A) value) is
preferably 10 nm or less, more preferably 7 nm or less, and
most preferably nm or less. The phase retardation value in the
thickness direction (Rth(A) value) is preferably 70 nm or less,
more preferably 50 nm or less, further preferably 30 nm or
less, and most preferably 20 nm or less.

[0108] The phase slow axis of the protective film for the
polarizing film inthe film plane is preferably perpendicular or
in parallel to the absorption axis of the polarizing film, and is
more preferably in parallel thereto for continuously produc-
ing the polarizing film.

[0109] Examples of the protective film for the polarizing
film include polycarbonate, polystyrene, syndiotactic poly-
styrene, amorphous polyolefin, a polymer having a nor-
bornene skeleton, an organic acid-substituted cellulose poly-
mer, polyether sulfone, polyarylate, polyester, olefin
maleimide, copolymer olefin maleimide having a phenyl
group, and the like, and preferably cellulose acetate.

[0110] Inthelaminated polarizing film of the invention, the
protective film for the polarizing film may not be used, and the
positive optical film in the first laminated polarizing film, or
the negative optical film in the second laminated polarizing
film may function as the protective film for the polarizing
film. According to the constitution, influence of fluctuation
due to the optical anisotropy of the protective film for the
polarizing film can be avoided to improve the optical perfor-
mance.

[0111] Upon obtaining the first and second laminated
polarizing films of the invention, the polarizing film and the
optical film may be fixed with an adhesive or the like depend-
ing on necessity. Fixation with an adhesive is preferred from
the standpoint of prevention of deviation in axis relationship
and the like. Upon laminating, for example, a transparent
adhesive, such as a polyvinyl alcohol series, a modified poly-
vinyl alcohol series, an organic silanol series, an acrylic
series, a silicone series, a polyester series, a polyurethane
series, a polyether series, a rubber series and the like, may be
used, and the kind thereof'is not particularly limited. From the
standpoint of preventing the optical characteristics from
being changed, however, an adhesive that does not require a
high temperature process upon curing and drying, and an
adhesive that does not require a curing treatment or a drying
treatment for a prolonged period of time. An adhesive that
does not undergo peeling and the like under heating and
humidifying conditions is preferred.

[0112] Inthe casewhere triacetyl cellulose (TAC) is used as
the protective film for the polarizing film, an adhesive
between TAC and the positive optical film in the first lami-
nated polarizing film or the negative optical film in the second
laminated polarizing film is preferably an acrylic pressure-
sensitive adhesive formed of an acrylic polymer having a
mass average molecular weight of 100,000 or more and a
glass transition temperature of 0° C. or less constituted by
such a monomer as butyl (meth)acrylate, methyl (meth)acry-
late, ethyl (meth)acrylate and (meth)acrylic acid. The acrylic
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pressure-sensitive adhesive is preferred since it is excellent in
transparency, weather resistance, heat resistance and the like.
[0113] The adhesive used for lamination may contain,
depending on necessity, an appropriate additive, such as a
natural or synthetic resin, glass fibers, glass beads, a filler
containing inorganic powder or the like, e.g., metallic powder
and the like, a pigment, a colorant, an antioxidant, and the
like.

[0114] Thelayers ofthe polarizing film, the optical film, the
protective film for the polarizing film, the adhesive layer and
the like constituting the first and second laminated polarizing
films of the invention may have an ultraviolet ray absorbing
capability by such a method as treatment with an ultraviolet
ray absorbent, such as a salicylic acid ester compound, a
benzophenol compound, a benzotrizaole compound, a
cyanoacrylate compound, a nickel complex compound and
the like.

[0115] By using the first laminated polarizing film or the
second laminated polarizing film of the invention in a liquid
crystal display device, a liquid crystal display device, particu-
larly a liquid crystal display device having an IPS mode, can
be significantly improved in viewing angle characteristics
and the like.

[0116] The second laminated polarizing film of the inven-
tion will be described.

[0117] In the second laminated polarizing film, the “posi-
tive substantial uniaxiality” means that the orientation index
in the thickness direction Nz defined by the expression (5) is
Nz=1, and the “positive substantially uniaxial optical film” is
defined as the expression (26):

0.8<Nz<1.2 (26)

[0118] The orientation index in the thickness direction Nz
of the positive substantially uniaxial optical film is preferably
0.9<Nz<«1.1, and more preferably 0.95<Nz<1.05.

[0119] The “negative optical film” in the second laminated
polarizing film is defined by the orientation index in the
thickness direction Nz as the expression (27):

Nz=0 @7

[0120] In the second laminated polarizing film, the state
where the slow axis within the film plane of the positive
substantially uniaxial optical film and the slow axis within the
film plane of the negative optical film are “substantially in
parallel” to the absorption axis of the polarizing film means
that the angle between the axes is ina range of +2°, preferably
in a range of +1°, and more preferably in a range of +0.5°.
[0121] For enabling formation of the second laminated
polarizing film of the invention capable of improving a view-
ing angle of a polarizing film by a roll-to-roll process, it is
necessary that the positional relationship between the princi-
pal orientation direction of polymer main chains of the posi-
tive substantially uniaxial optical film and the absorption axis
of the polarizing film is substantially in parallel, and the
positional relationship between the principal orientation
direction of polymer main chains of the negative optical film
and the absorption axis of the polarizing film is substantially
perpendicular.

[0122] Intheinvention, as having been described above, the
“principal orientation direction of polymer main chains” is
the principal orientation direction within the film plane where
the polymer main chains are oriented statistically most fre-
quently, and in general, can be identified by a combination of
an optical measuring method, such as measurement of a
refractive index, birefringence index or the like, and a method
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of analyzing the molecular vibration direction by a dichroic
infrared spectroscopy, and the like. In uniaxial stretching, the
stretching direction is generally the “principal orientation
direction of polymer main chain”.

[0123] One preferred embodiment of the second laminated
polarizing film of the invention is, from the standpoint of
improvement in performance, the laminated polarizing film
in a roll form, in which the slow axes within the film plane of
the positive substantially uniaxial optical film and the nega-
tive optical film are substantially in parallel to the longitudi-
nal direction, and the absorption axis of the polarizing film is
substantially in parallel to the longitudinal direction.

[0124] The state where the slow axes within the film plane
of the positive substantially uniaxial optical film and the
negative optical film are “substantially in parallel” to the
longitudinal direction means that the in-plane slow axes arein
a range of £2°, preferably in a range of +1°, and more pref-
erably in a range of +0.5°, with respect to the longitudinal
direction being 0°.

[0125] Similarly, the state where the in-plane absorption
axis of the polarizing film is “substantially in parallel” to the
longitudinal direction means that the absorption axis is in a
range of £2°, preferably in a range of £1°, and more prefer-
ably in a range of +0.5°, with respect to the longitudinal
direction being 0°.

[0126] A polarizing film exhibiting performance with
molecular orientation of an absorptive dichroic substance,
such as iodine and the like, having been widely used is gen-
erally produced by continuous longitudinal uniaxial stretch-
ing for obtaining a high polarization degree, and therefore, the
absorption axis thereof is in the longitudinal direction.
Accordingly, for obtaining the second laminated polarizing
film of the invention by a roll-to-roll process, it is preferred
that the slow axes in the film plane of the positive substan-
tially uniaxial optical film and the negative optical film and
the absorption axis of the polarizing film are substantially in
the longitudinal direction. As a method for obtaining the state
of the directions of the axes, it is preferred that the positive
substantially uniaxial optical film is produced by longitudinal
uniaxial stretching, and the negative optical film is produced
by transversal uniaxial stretching.

[0127] For obtaining the second laminated polarizing film
of the invention that is excellent in performance, the in-plane
phase retardation value R, ,(A) of the positive substantially
uniaxial optical film is preferably in a range of:

30=Rp0,(MS170 Q1
more preferably in a range of:

SOZRp0,(M=160 (28)
further preferably in a range of:

80=Rpp,(M=150 29)
and particularly preferably in a range of:

100=Rp,(M)S140 (30)
[0128] The in-plane phase retardation value Ry(A) and

the orientation index in the thickness direction Nz defined by
the expression (5) of the positive optical film are preferably:

20=Rynz(M =140 (22)
and
-1=Nz(M)=0 (23)
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more preferably:
30SRpnAN=120 (31
and
-0.8=Nz(M)=-0.1 (32)
further preferably:
A0=RypANE110 (33)
and
—0.6=Nz(W)=-0.15 (34)

and particularly preferably:

S0=Rppz(M) =100 (35)
and
—0.5=Nz(M)=-0.2 (36)

[0129] The ranges are determined from the standpoint of
the polarization performance, the adequateness to a roll-to-
roll process, and the like.

[0130] Inthe second laminated polarizing film of the inven-
tion, at least one of the positive substantially uniaxial optical
film and the negative optical film preferably has reverse wave-
length dispersion characteristics of the phase retardation. The
reverse wavelength dispersion characteristics of the phase
retardation satisfy the expression (17) defined in the descrip-
tion for the first laminated polarizing film.

[0131] Inthe second laminated polarizing film of the inven-
tion, in the case where at least one of the positive substantially
uniaxial optical film and the negative optical film has reverse
wavelength dispersion characteristics of the phase retarda-
tion, a wide bandwidth property can be imparted to the polar-
izing capability of the laminated polarizing film, and as a
specific effect on applying to a liquid crystal display device,
the transmittance dispersion can have a wide bandwidth to
suppress color shift due to change in viewing angle. While the
effect can be obtained when at least one of the optical films
has the reverse wavelength dispersion characteristics, it is
preferred that both of them have the reverse wavelength dis-
persion characteristics.

[0132] As more preferred reverse wavelength dispersion
characteristics, the expressions (18) and (19) defined in the
description for the first laminated polarizing film are simul-
taneously satisfied.

[0133] A material for the phase retardation film used in the
second laminated polarizing film of the invention is necessar-
ily a thermoplastic polymer, and is preferably non-crystalline
at a molding temperature of the film, as similar to the first

laminated polarizing film, from the standpoint of moldability
and the like.

[0134] The thermoplastic polymer having a negative
molecular polarizability anisotropy forming the negative
optical film used in the second laminated polarizing film is
preferably an amorphous polymer from the standpoint of
moldability, controllability in phase retardation, and the like,
as similar to the first laminated polarizing film. Specific
examples thereof include the polymers described in the
description for the first laminated polarizing film.
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[0135] Inthe second laminated polarizing film, the thermo-
plastic polymer having a negative molecular polarizability
anisotropy is also particularly preferably one containing
polycarbonate having a fluorene skeleton. The reasons why it
preferably contains a fluorene skeleton are also the same as
above.

[0136] A preferred chemical structure of the polycarbonate
having a fluorene skeleton capable of forming the negative
optical film used in the second laminated polarizing film is a
polymer or a polymer blend containing a repeating unit rep-
resented by the formula (1) described in the description for the
first laminated polarizing film.

[0137] The polycarbonate material having a fluorene skel-
eton represented by the formula (I) can be preferably used as
the phase retardation film in the second laminated polarizing
film of the invention since it has a high glass transition tem-
perature and is excellent in handleability, stretching and
molding property, and the like.

[0138] A more preferred polycarbonate material capable of
forming the negative optical film used in the second lami-
nated polarizing film contains the repeating unit represented
by the formula (I) and the repeating unit represented by the
formula (II), as similar to the first laminated polarizing film,
and the content of the repeating unit represented by the for-
mula (I) based on the total of the repeating units represented
by the formulae (I) and (II) is also preferably in the same
range as in the first laminated polarizing film.

[0139] The polycarbonate copolymer having a fluorene
skeleton and/or the polymer blend can be produced by the
similar method as described in the description for the first
laminated polarizing film.

[0140] The thermoplastic polymer having a positive
molecular polarizability anisotropy forming the positive sub-
stantially uniaxial optical film used in the second laminated
polarizing film is preferably an amorphous polymer, as simi-
lar to the first laminated polarizing film, from the standpoint
of moldability, controllability in phase retardation, and the
like. Specific examples thereof include the polymers
described in the description for the first laminated polarizing
film.

[0141] The thermoplastic polymer having a positive
molecular polarizability anisotropy in the second laminated
polarizing film is also particularly preferably amorphous
polyolefin having a norbornene skeleton, and most preferably
a thermoplastic polymer that (i) is a copolymer containing
ethylene and norbornene, and (ii) has a ratio of the meso
configuration and the rasemo configuration of meso/
rasemo>4 in the steric configuration of the dyad of the nor-
bornene unit, as similar to the first laminated polarizing film.
[0142] Preferred examples of the material forming the posi-
tive substantially uniaxial optical film used in the second
laminated polarizing film include the copolymer of ethylene
and norbornene formed through vinyl polymerization
described in the description for the first laminated polarizing
film.

[0143] The glass transition temperature (Tg), the molar
ratio of the repeating units (A) and (B), a vinyl monomer
capable of being copolymerized, the molecular weight (re-
duced viscosity), the ratio of the meso configuration and the
rasemo configuration, the production method (e.g., the cata-
lyst, the additive and the like), and the like of the copolymer
are similar to the description relating to the ethylene-nor-
bornene copolymer described in the description for the first
laminated polarizing film.
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[0144] The positive substantially uniaxial optical film and
the negative optical film used in the second laminated polar-
izing film of the invention can be produced in the same man-
ner as the production methods of the negative substantially
uniaxial optical film and the positive optical film used in the
first laminated polarizing film, and such a method may be
employed that the thermoplastic polymer is formed into a film
and then stretched.

[0145] Specific film forming method and stretching
method are those described in the description for the first
laminated polarizing film.

[0146] Inthe positive substantially uniaxial optical film and
the negative optical film used in the second laminated polar-
izing film, upon forming the unstretched film, fluctuation in
thickness is preferably as small as possible.

[0147] In the second laminated polarizing film, the thick-
ness in the state of the unstretched film is determined in
consideration of an intended phase retardation value and
thickness of an optical film after stretching, and is preferably
in a range of from 10 to 400 pm, more preferably in a range of
from 30 to 300 wm, and further preferably in a range of from
40 to 150 um, as similar to the first laminated polarizing film.

[0148] As the stretching method for stretching the resulting
unstretched film uniaxially or biaxially, the same method as
described for the first laminated polarizing film may be
employed.

[0149] Inthe second laminated polarizing film of the inven-
tion, the positive substantially uniaxial optical film is prefer-
ably produced as a longitudinally uniaxially stretched film.
According to the constitution, a positive substantially
uniaxial optical film in a roll form having a slow axis in a
direction substantially perpendicular to the longitudinal
direction within the film plane can be produced. The negative
optical film is preferably produced as a transversally uniaxi-
ally stretched film. According to the constitution, a negative
optical film in a roll form having a slow axis in a direction
substantially in the longitudinal direction within the film
plane can be produced. By using them and a polarizing film
having an absorption axis in the longitudinal direction, the
second laminated polarizing film of the invention can be
produced by a roll-to-roll process.

[0150] The positive substantially uniaxial optical film and
the negative optical film used in the second laminated polar-
izing film of the invention may further contain a low molecu-
lar weight additive, such as an ultraviolet ray absorbent, e.g.,
phenylsalicylic acid, 2-hydroxybenzophenone, triphenyl
phosphate and the like, a bluing agent for changing color tone,
an antioxidant and the like, as similar to the first laminated
polarizing film.

EXAMPLES

[0151] The invention will be described below with refer-
ence to examples, but the invention is not limited thereto.

(Methods of Measurement and FEvaluation)

[0152] The characteristic values of the materials described
in the specification are those obtained by the following evalu-
ation methods.
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(1) Thickness of Film

[0153] It was measured with an electronic microthickness
meter (produced by Anritsu Company).

(2) In-Plane Phase Retardation Value (R(A) Value) (nm),
[0154] Phase Retardation Value in Thickness Direction
(Rth(A) value) (nm), and

[0155] Orientation Index in Thickness Direction (Nz)
[0156] The in-plane Phase Retardation Value (R(2) value),
the phase retardation value in the thickness direction (Rth(A)
value), and the orientation index in the thickness direction
(Nz) were obtained by measuring with a spectroscopic ellip-
someter (M150, a trade name, produced by JASCO Corpora-
tion). The R value was measured in the state where the inci-
dent light was perpendicular to the film surface. Upon
obtaining the Nz value and the Rth value, while changing the
angle between the incident light and the film surface, the
phase retardation values at each angle were measured, and
curve fitting was carried out by using a known expression of
anoptical indicatrix to effect numeric operations of the three-
dimensional refractive indices n,, n, and n,. In this case, an
average refractive index n was necessarily used as another
parameter, and a value measured with an Abbe refractometer
(Abbe Refractometer 2-T, a trade name, produced by Atago
Co., Ltd.) was used therefor. The measurement and operation
results were substituted into the expressions (4), (5) and (20)
to obtain the values. In the following expressions, d represents
the thickness (nm):

R=(n~n)xd 4
Nz=(n,—n,)/(n,—n,) (5)
Reh(h={(n+n,)2-n,}xd (20)

(3) Glass Transition Temperature (Tg)

[0157] 1t was measured with a differential scanning calo-
rimeter (DSC2920 Modulated DSC, a trade name, produced
by TA Instruments). The measurement of a polymer was
carried out in a state of flakes or chips after polymerization,
but not after forming into a film.

(4) Total Light Transmittance and Haze Value of Film

[0158] They were measured with a turbidity meter (Model
NDH-2000, produced by Nippon Denshoku Industries Co.,
Ltd.).

(5) Evaluation of Viewing Angle of Liquid Crystal Display
Device

[0159] A liquid crystal cell was obtained by removing all
the polarizing films and the phase retardation films from a
liquid crystal cell used in an IPS liquid crystal television set,
“WOO0OO0 W32 L7000”, a trade name, produced by Hitachi,
Ltd. The resulting laminated polarizing film was adhered to
the liquid crystal cell by using an acrylic adhesive, and the
viewing angle characteristics were evaluated. Upon evalua-
tion, a transmittance spectrum was measured with a spec-
trometer (MCPD7000, a trade name, produced by Otsuka
Electronics Co., Ltd.).

[0160] In Examples and Comparative Examples, the trans-
mittance spectrum in a black state was measured at an inci-
dent angle of 60° and an azimuthal angle or 45°, and the
definition of the azimuthal angle was described in FIGS. 1 to
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4 and FIGS. 6 t0 9. The polar angle was defined as an angle
between the surface of the liquid crystal display device and
the normal line direction.

(Production of Optical Films)

(1) Production of Positive Optical Film Containing Thermo-
plastic Polymer Having Positive Molecular Polarizability
Anisotropy

(1-1) Amorphous Polyolefin (APO) Film
(Film Material)

[0161] As a resin material for the film, “TOPAS 6013”, a
trade name, produced by Ticona, Inc. (a cycloolefin copoly-
mer formed by copolymerizing ethylene and norbornene with
a metallocene catalyst, ratio of meso configuration and
rasemo configuration: meso/rasemo=0.36/0.04=9, ratio of
NN dyad (molar fraction): 0.40, molar ratio of ethylene com-
ponent and norbornene component: (A)/(B)=50/50, reduced
viscosity nsp/c: 0.80 d./g) was used.

(Formation of Unstretched Film)

[0162] Pellets of the thermoplastic polymer were melt-ex-
truded through a T-die having a width of 15 cm by using a
biaxial melt extruder and continuously wound with a cooling
roller to form an unstretched film. The film forming condi-
tions were a cylinder temperature of 260° C., a T-die tempera-
ture of 270° C. and a cooling roller temperature of 145° C.
[0163] The resulting film was in a roll form, and the film
was excellent in transparency and homogeneity and good in
surface property. The film had an average thickness of 100 pum
except for both end parts of 2.5 cm in width of the film. The
film had a glass transition temperature (Tg) of 138° C., a total
light transmittance of 91.5% and a haze of 0.3%.

(Production of Stretched Film)

[0164] The unstretched film thus obtained was subjected to
transversal uniaxial stretching by a continuous tenter method.
At this time, the stretching temperature was 145° C., and the
stretching ratio was controlled to provide positive optical
films having film properties disclosed in Examples 1, 2 and 3
in Table 1.

(1-2) Copolymer Polycarbonate Film
(Film Material)

[0165] As afilm material, a copolymer polycarbonate hav-
ing a fluorene skeleton was used. Polymerization of the poly-
carbonate was carried out by a known interface polyconden-
sation method using phosgene. A sodium hydroxide aqueous
solution and ion exchanged water were charged in a reaction
tank equipped with a stirrer, a thermometer and a reflux
condenser, in which the monomers [K] and [L] having the
following structures in a molar ratio of 67/33 were dissolved,
and a small amount of hydrosulfite was added thereto. Meth-
ylene chloride was then added to the resulting solution, and
phosgene was blown into the solution at 20° C. over about 60
minutes. After emulsifying by adding p-tert-butylphenol
thereto, triethylamine was added thereto, followed by stirring
at 30° C. for about 3 hours, to complete the reaction. After
completing the reaction, an organic phase was fractionated,
and methylene chloride was evaporated to obtain a polycar-
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bonate copolymer. The resulting copolymer had a composi-
tional ratio that was substantially the same as the charging
ratio.

CH, CH;
HO OH
GO
cH, (L]
OO
L

(Formation of Unstretched Film)

[0166] The resulting copolymer was dissolved in methyl-
ene chloride to prepare a dope solution having a solid con-
centration of 18% by mass. A cast film was produced with the
dope solution to obtain an unstretched film. The unstretched
film had a thickness of 130 um and a remaining solvent
amount of 0.9% by mass.

(Production of Stretched Film)

[0167] The film thus obtained was subjected to transversal
uniaxial stretching by a continuous tenter method at a stretch-
ing temperature of 225° C. by setting a stretching ratio pro-
viding phase retardation values disclosed in Examples 4 and
5 in Table 1 to provide positive optical films. The resulting
film had a thickness of 75 pm.

(2) Production of Negative Substantially Uniaxial Optical
Film Containing Thermoplastic Polymer Having Negative
Molecular Polarizability Anisotropy

(2-1) Copolymer Polycarbonate Film
(Film Material)

[0168] As a film material, a copolymer polycarbonate hav-
ing a fluorene skeleton was used. Polymerization of the poly-
carbonate was carried out by a known interface polyconden-
sation method using phosgene. A sodium hydroxide aqueous
solution and ion exchanged water were charged in a reaction
tank equipped with a stirrer, a thermometer and a reflux
condenser, in which the monomer [K] having the aforemen-
tioned structure and the monomer [M] having the following
structure in a molar ratio of 85/15 were dissolved, and a small
amount of hydrosulfite was added thereto. Methylene chlo-
ride was then added to the resulting solution, and phosgene
was blown into the solution at 20° C. over about 60 minutes.
After emulsifying by adding p-tert-butylphenol thereto, tri-
ethylamine was added thereto, followed by stirring at 30° C.
for about 3 hours, to complete the reaction. After completing
the reaction, an organic phase was fractionated, and methyl-
ene chloride was evaporated to obtain a polycarbonate
copolymer. The resulting copolymer had a compositional
ratio that was substantially the same as the charging ratio.

13
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(Formation of Unstretched Film)

[0169] The resulting copolymer was dissolved in methyl-
ene chloride to prepare a dope solution having a solid con-
centration of 18% by mass. A cast film was produced with the
dope solution to obtain an unstretched film. The unstretched
film had a thickness of 100 um and a remaining solvent
amount of 1.1% by mass.

(Production of Stretched Film)

[0170] The film thus obtained was subjected to continuous
longitudinal uniaxial stretching at a stretching temperature of
226° C. by setting a stretching ratio providing phase retarda-
tion values disclosed in Examples 1, 2, 3 and 4 in Table 1 to
provide negative substantially uniaxial optical films.

(2-2) Film of Blend of Polyphenylene Oxide and Polystyrene
(Film Material)

[0171] As a film material, atactic polystyrene (Mn=90,900,
Mw=243,000) and poly(2,6-dimethyl-1,4-phenylene oxide)
(Mn=6,200, Mw=42,500) (referred to as polyphenylene
oxide) were used.

(Formation of Unstretched Film)

[0172] Atactic polystyrene and polyphenylene oxide were
kneaded in a biaxial melt extruder, melt-extruded through a
T-die having a width of 15 cm and continuously wound with
a cooling roller to form an unstretched film. The film forming
conditions were a cylinder temperature of 250° C., a T-die
temperature of 260° C. and a cooling roller temperature of
135° C. The contents of atactic polystyrene and phenylene
oxide were 75% by mass and 25% by mass, respectively, and
it was confirmed that the mixture was a compatible blend by
thermal analysis. The resulting unstretched film had a thick-
ness of 140 pm.

(Production of Stretched Film)

[0173] The unstretched film thus obtained was subjected to
continuous longitudinal uniaxial stretching at a stretching
temperature of 150° C. by setting a stretching ratio providing
aphase retardation value disclosed in Example 5 in Table 1 to
provide a negative substantially uniaxial optical film.

(3) Production of Positive Substantially Uniaxial Optical
Film Containing Thermoplastic Polymer Having Positive
Molecular Polarizability Anisotropy

(3-1) Amorphous Polyolefin (APO) Film
(Film Material)

[0174] As a material for the film, the same material as used
in the amorphous polyolefin (APO) film (1-1) in production
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of the positive optical film containing a thermoplastic poly-
mer having a positive molecular polarizability anisotropy (1)
was used.

(Formation of Unstretched Film)

[0175] The same unstretched film (thickness: 100 um in
average, glass transition temperature (Tg): 138° C., total light
transmittance: 91.5%, haze: 0.3%) was produced in the same
manner as in the amorphous polyolefin (APO) film (1-1) in
production of the positive optical film containing a thermo-
plastic polymer having a positive molecular polarizability
anisotropy (1).

(Production of Stretched Film)

[0176] The unstretched film thus obtained was subjected to
continuous longitudinal uniaxial stretching. At this time, the
stretching temperature was 145° C., and the stretching ratio
was controlled to provide positive substantially uniaxial opti-
cal films having film properties disclosed in Examples 6, 7
and 8 in Table 2.

(3-2) Copolymer Polycarbonate Film
(Film Material)

[0177] As a material for the film, the same material as used
in the copolymer polycarbonate film (1-2) in production of
the positive optical film containing a thermoplastic polymer
having a positive molecular polarizability anisotropy (1) was
used.

(Formation of Unstretched Film)

[0178] The same unstretched film (thickness: 130 pm,
remaining solvent amount: 0.9% by mass) was produced in
the same manner as in the copolymer polycarbonate film
(1-2) in production of the positive optical film containing a
thermoplastic polymer having a positive molecular polariz-
ability anisotropy (1).

(Production of Stretched Film)

[0179] The film thus obtained was subjected to continuous
longitudinal uniaxial stretching at a stretching temperature of
225° C. by setting a stretching ratio providing phase retarda-
tion values disclosed in Examples 9 and 10 in Table 2 to
provide positive substantially uniaxial optical films. The
resulting films had a thickness of 75 pm.

(4) Production of Negative Optical Film Containing Thermo-
plastic Polymer Having Negative Molecular Polarizability
Anisotropy

(4-1) Copolymer Polycarbonate Film
(Film Material)

[0180] As a material for the film, the same material as used
in the copolymer polycarbonate film (2-1) in production of
the negative substantially uniaxial optical film containing a
thermoplastic polymer having a negative molecular polariz-
ability anisotropy (2) was used.

(Formation of Unstretched Film)

[0181] The same unstretched film (thickness: 100 pm,
remaining solvent amount: 1.1% by mass) was produced in
the same manner as in the copolymer polycarbonate film
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(2-1) in production of the negative substantially uniaxial opti-
cal film containing a thermoplastic polymer having a negative
molecular polarizability anisotropy (2).

(Production of Stretched Film)

[0182] The film thus obtained was subjected to transversal
uniaxial stretching by a continuous tenter method at a stretch-
ing temperature of 226° C. by setting a stretching ratio pro-
viding phase retardation values disclosed in Examples 6, 7, 8
and 9 in Table 2 to provide negative optical films.

(4-2) Film of Blend of Polyphenylene Oxide and Polystyrene
(Film Material)

[0183] As a material for the film, the same material as used
in the film of a blend of polyphenylene oxide and polystyrene
(2-2) in production of the negative substantially uniaxial opti-
cal film containing a thermoplastic polymer having a negative
molecular polarizability anisotropy (2) was used.

(Formation of Unstretched Film)

[0184] The unstretched film (thickness: 140 um) was pro-
duced in the same manner as in the film of'a blend of polyphe-
nylene oxide and polystyrene (2-2) in production of the nega-
tive substantially uniaxial optical film containing a
thermoplastic polymer having a negative molecular polariz-
ability anisotropy (2).

(Production of Stretched Film)

[0185] The unstretched film thus obtained was subjected to
transversal uniaxial stretching by a continuous tenter method
at a stretching temperature of 150° C. by setting a stretching
ratio providing a phase retardation value disclosed in
Example 5 in Table 2 to provide a negative optical film.

(5) Production of Polarizing Film

[0186] A commercially available polyvinyl alcohol film
having a thickness of 75 pm was swollen in pure water and
dyed with a mixed aqueous solution of iodine and potassium
iodide. Thereafter, the film was crosslinked with boric acid
and stretched by 4 times, followed by drying at 50° C., to
provide a polarizing film having dichroic absorption capabil-
ity. The resulting polarizing film had a thickness of 25 pm.

Example 1

[0187] FIG. 1 shows an arrangement of an optical element
in Example 1. In FIG. 1, numeral 1 denotes a polarizing film
on the observer side, 2 denotes a laminated polarizing film on
the light source side (first laminated polarizing film of the
invention), 3 denotes a protective film, 4 denotes a polarizing
film, 5 denotes a triacetyl cellulose film (TAC1), 6 denotes an
IPS liquid crystal cell, 7 denotes a negative substantially
uniaxial optical film, 8 denotes a positive optical film, 9
denotes a polarizing film, 10 denotes a protective film, 11
denotes a backlight (light source), 12 denotes an absorption
axis, 13 denotes a phase slow axis, 14 denotes a phase slow
axis (liquid crystal orientation axis), 15 denotes a phase slow
axis, 16 denotes a phase slow axis, and 17 denotes an absorp-
tion axis.

(Production of Laminated Polarizing Film on Light Source
Side (First Laminated Polarizing Film of the Invention) 2)

[0188] Inproduction of thelaminated polarizing film on the
light source side (first laminated polarizing film of the inven-
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tion) 2 shown in FIG. 1, a triacetyl cellulose film having a
thickness of 80 um having been saponified, which was dis-
posed outside the polarizing film 9 as viewed from the IPS
liquid crystal cell 6 and functioned as the protective film 10
for the polarizing film 9, was adhered to the polarizing film 9
with an adhesive containing polyvinyl alcohol having glyoxal
added thereto by lamination in a roll-to-roll process.

[0189] The positive optical film 8 containing the amor-
phous polyolefin (APO) having the optical characteristics
shown in Table 1 produced in the item (1-1), which had been
stubjected to a corona treatment on the surface thereof, was
then similarly adhered to the surface of the polarizing film 9
opposite to the protective film 10 with a water-soluble poly-
urethane adhesive by a roll-to-roll process.

[0190] The negative substantially uniaxial optical film 7
containing the copolymer polycarbonate having the optical
characteristics shown in Table 1 produced in the item (2-1)
was subjected to a corona treatment and adhered to the sur-
face of the positive optical film 8 by lamination in a roll-to-
roll process, so as to provide the laminated polarizing film on
the light source side (first laminated polarizing film of the
invention) 2.

[0191] In the laminated polarizing film on the light source
side (first laminated polarizing film of the invention) 2 thus
obtained, the principal orientation direction of polymer main
chains ofthe negative substantially uniaxial optical film 7 and
the absorption axis of the polarizing film 9 were in parallel to
each other, and the principal orientation direction of polymer
main chains of the positive optical film 8§ and the absorption
axis of the polarizing film 9 were perpendicular to each other.

(Production of Polarizing Film on Observer Side 1)

[0192] In production of the polarizing film on the observer
side 1 shown in FIG. 1, a triacetyl cellulose film having a
thickness of 80 pm having been saponified, which was dis-
posed outside the polarizing film 4 as viewed from the IPS
liquid crystal cell 6 and functioned as the protective film 3 for
the polarizing film 4, was adhered to the polarizing film 4 with
an adhesive containing polyvinyl alcohol having glyoxal
added thereto by lamination in a roll-to-roll process.

[0193] The triacetyl cellulose film (TACI1) 5 having the
optical characteristics shown in Table 1 and a thickness of 80
wm, which had been subjected to a saponification treatment,
was then similarly adhered to the opposite surface of the
polarizing film 4 by a roll-to-roll process to provide the polar-
izing film on the observer side 1.

(Evaluation of Viewing Angle of Liquid Crystal Display
Device)

[0194] A liquid crystal display device was produced by
using the laminated polarizing film on the light source side
(first laminated polarizing film of the invention) 2 and the
polarizing film on the observer side 1, which had been
obtained above, the IPS liquid crystal cell 6 and the backlight
11, according the constitution disclosed in FIG. 1, and evalu-
ated for viewing angle characteristics. The evaluation results
are shown in FIG. 5.

[0195] As shown in FIG. 5, it was found that the liquid
crystal display device produced in Example 1 had a transmit-
tance of less than 0.5% at from 450 to 650 nm, in which a
human had high visibility, and thus had an effect of enhancing
the viewing angle. As a result of visual observation of the
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black state, it was confirmed that change in brightness
depending on viewing angle was small, and the viewing angle
was significantly enhanced.

BExample 2

[0196] FIG. 2 shows an arrangement of an optical element
in Example 2. In FIG. 2, numeral 21 denotes a polarizing film
on the observer side, 22 denotes a laminated polarizing film
on the light source side (first laminated polarizing film of the
invention), 23 denotes a protective film, 24 denotes a polar-
izing film, 25 denotes a triacetyl cellulose film (TAC1), 26
denotes an IPS liquid crystal cell, 27 denotes a negative
substantially uniaxial optical film, 28 denotes a positive opti-
cal film, 29 denotes a triacetyl cellulose film (TAC2), 30
denotes a polarizing film, 31 denotes a protective film, 32
denotes a backlight (light source), 33 denotes an absorption
axis, 34 denotes a phase slow axis, 35 denotes a phase slow
axis (liquid crystal orientation axis), 36 denotes a phase slow
axis, 37 denotes a phase slow axis, 38 denotes a phase slow
axis, and 39 denotes an absorption axis.

(Production of Laminated Polarizing Film on Light Source
Side (First Laminated Polarizing Film of the Invention) 22)

[0197] Inproduction of thelaminated polarizing film on the
light source side (first laminated polarizing film of the inven-
tion) 22 shown in FIG. 2, a triacetyl cellulose film having a
thickness of 80 um having been saponified, which was dis-
posed outside the polarizing film 30 as viewed from the IPS
liquid crystal cell 26 and functioned as the protective film 31
for the polarizing film 30, was adhered to the polarizing film
30 with an adhesive containing polyvinyl alcohol having
glyoxal added thereto by lamination in a roll-to-roll process.

[0198] The triacetyl cellulose film (TAC2) 29 having the
optical characteristics shown in Table 1 and a thickness of 80
wm, which had been subjected to a saponification treatment,
was then similarly adhered to the opposite surface of the
polarizing film 30 by a roll-to-roll process.

[0199] The positive optical film 28 containing the amor-
phous polyolefin (APO) having the optical characteristics
shown in Table 1 produced in the item (1-1), which had been
subjected to a corona treatment on the surface thereof, was
then similarly adhered to the surface of the triacetyl cellulose
film (TAC2) 29 with an acrylic adhesive by lamination in a
roll-to-roll process.

[0200] The negative substantially uniaxial optical film 27
containing the copolymer polycarbonate having the optical
characteristics shown in Table 1 produced in the item (2-1)
and the positive optical film 28 were adhered to each other by
aroll-to-roll process to provide the laminated polarizing film
on the light source side (first laminated polarizing film of the
invention) 22.

[0201] Inthe laminated polarizing film on the light source
side (first laminated polarizing film of the invention) 22 thus
obtained, the principal orientation direction of polymer main
chains of the negative substantially uniaxial optical film 27
and the absorption axis of the polarizing film 30 were in
parallel to each other, and the principal orientation direction
of polymer main chains of the positive optical film 28 and the
absorption axis of the polarizing film 30 were perpendicular
to each other.
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(Production of Polarizing Film on Observer Side 21)

[0202] The polarizing film on the observer side 21 was
produced in the same manner as the polarizing film on the
observer side 1 in Example 1.

(Evaluation of Viewing Angle of Liquid Crystal Display
Device)

[0203] A liquid crystal display device was produced by
using the laminated polarizing film on the light source side
(first laminated polarizing film of the invention) 22 and the
polarizing film on the observer side 21, which had been
obtained above, the IPS liquid crystal cell 26 and the back-
light 32, according the constitution disclosed in FIG. 2, and
evaluated for viewing angle characteristics. The evaluation
results are shown in FIG. 5.

[0204] As shown in FIG. 5, it was found that the liquid
crystal display device produced in Example 2 had a transmit-
tance of less than 0.5% at from 450 to 650 nm, in which a
human had high visibility, and thus had an effect of enhancing
the viewing angle. As a result of visual observation of the
black state, it was confirmed that change in brightness
depending on viewing angle was small, and the viewing angle
was significantly enhanced.

Example 3

[0205] InExample 3, anoptical element having an arrange-
ment shown in FIG. 1 was produced as similar to Example 1.

(Production of Laminated Polarizing Film on Light Source
Side (First Laminated Polarizing Film of the Invention) 2)

[0206] The laminated polarizing film on the light source
side (first laminated polarizing film of the invention) 2 was
produced in the same manner as in Example 1 except that the
positive optical film containing the amorphous polyolefin
(APO) produced in the item (1-1) and the negative substan-
tially uniaxial optical film containing the copolymer polycar-
bonate produced in the item (2-1), having the optical charac-
teristics shown in Table 1, were used.

(Production of Polarizing Film on Observer Side 1)

[0207] The polarizing film on the observer side 1 was pro-
duced in the same manner as the polarizing film on the
observer side 1 in Example 1.

(Evaluation of Viewing Angle of Liquid Crystal Display
Device)

[0208] A liquid crystal display device was produced by
using the laminated polarizing film on the light source side
(first laminated polarizing film of the invention) 2 and the
polarizing film on the observer side 1, which had been
obtained above, the IPS liquid crystal cell 6 and the backlight
11, according the constitution disclosed in FIG. 1, and evalu-
ated for viewing angle characteristics. The evaluation results
are shown in FIG. 5.

[0209] As shown in FIG. 5, it was found that the liquid
crystal display device produced in Example 3 had a transmit-
tance of less than 0.5% at from 450 to 650 nm, in which a
human had high visibility, and thus had an effect of enhancing
the viewing angle. As a result of visual observation of the
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black state, it was confirmed that change in brightness
depending on viewing angle was small, and the viewing angle
was significantly enhanced.

Example 4

[0210] InExample 4, anoptical element having an arrange-
ment shown in FIG. 1 was produced as similar to Example 1.

(Production of Laminated Polarizing Film on Light Source
Side (First Laminated Polarizing Film of the Invention) 2)

[0211] The laminated polarizing film on the light source
side (first laminated polarizing film of the invention) 2 was
produced in the same manner as in Example 1 except that the
positive optical film containing the copolymer polycarbonate
produced in the item (1-2) and the negative substantially
uniaxial optical film containing the copolymer polycarbonate
produced in the item (2-1), having the optical characteristics
shown in Table 1, were used.

(Production of Polarizing Film on Observer Side 1)

[0212] The polarizing film on the observer side 1 was pro-
duced in the same manner as the polarizing film on the
observer side 1 in Example 1.

(Evaluation of Viewing Angle of Liquid Crystal Display
Device)

[0213] A liquid crystal display device was produced by
using the laminated polarizing film on the light source side
(first laminated polarizing film of the invention) 2 and the
polarizing film on the observer side 1, which had been
obtained above, the IPS liquid crystal cell 6 and the backlight
11, according the constitution disclosed in FIG. 1, and evalu-
ated for viewing angle characteristics. The evaluation results
are shown in FIG. 5.

[0214] As shown in FIG. 5, it was found that the liquid
crystal display device produced in Example 4 had a transmit-
tance of less than 0.5% at from 450 to 650 nm, in which a
human had high visibility, and thus had an effect of enhancing
the viewing angle. As a result of visual observation of the
black state, it was confirmed that change in brightness
depending on viewing angle was small, and the viewing angle
was significantly enhanced.

Example 5

[0215] InExample 5, anoptical element having an arrange-
ment shown in FIG. 1 was produced as similar to Example 1.

(Production of Laminated Polarizing Film on Light Source
Side (First Laminated Polarizing Film of the Invention) 2)

[0216] The laminated polarizing film on the light source
side (first laminated polarizing film of the invention) 2 was
produced in the same manner as in Example 1 except that the
positive optical film containing the copolymer polycarbonate
produced in the item (1-2) and the negative substantially
uniaxial optical film containing the blend of polyphenylene
oxide and polystyrene produced in the item (2-2), having the
optical characteristics shown in Table 1, were used.

(Production of Polarizing Film on Observer Side 1)

[0217] The polarizing film on the observer side 1 was pro-
duced in the same manner as the polarizing film on the
observer side 1 in Example 1.

(Evaluation of Viewing Angle of Liquid Crystal Display
Device)

[0218] A liquid crystal display device was produced by
using the laminated polarizing film on the light source side
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(first laminated polarizing film of the invention) 2 and the
polarizing film on the observer side 1, which had been
obtained above, the IPS liquid crystal cell 6 and the backlight
11, according the constitution disclosed in FIG. 1, and evalu-
ated for viewing angle characteristics. The evaluation results
are shown in FIG. 5.

[0219] As shown in FIG. §, it was found that the liquid
crystal display device produced in Example 5 had a transmit-
tance of less than 0.5% at from 450 to 650 nm, in which a
human had high visibility, and thus had an effect of enhancing
the viewing angle. As a result of visual observation of the
black state, it was confirmed that change in brightness
depending on viewing angle was small, and the viewing angle
was significantly enhanced.

Comparative Example 1

[0220] FIG. 3 shows an arrangement of an optical element
in Comparative Example 1. In FIG. 3, numeral 41 denotes a
polarizing film on the observer side, 42 denotes a laminated
polarizing film on the light source side, 43 denotes a protec-
tive film, 44 denotes a polarizing film, 45 denotes a triacetyl
cellulose film (TAC1), 46 denotes an IPS liquid crystal cell,
47 denotes a positive optical film, 48 denotes a negative
substantially uniaxial optical film, 49 denotes a polarizing
film, 50 denotes a protective film, 51 denotes a backlight
(light source), 52 denotes an absorption axis, 53 denotes a
phase slow axis, 54 denotes a phase slow axis (liquid crystal
orientation axis), 55 denotes a phase slow axis, 56 denotes a
phase slow axis, and 57 denotes an absorption axis. (Produc-
tion of Laminated Polarizing Film on Light Source Side 42)

[0221] The laminated polarizing film on the light source
side 42 was produced in the same manner as in Example 1
except that the order of lamination of the two phase retarda-
tion films in the laminated polarizing film on the light source
side 42 was reversed. The two optical films used had the same
optical characteristics as in Example 1.

(Production of Polarizing Film on Observer Side 41)

[0222] The polarizing film on the observer side 41 was
produced in the same manner as the polarizing film on the
observer side 1 in Example 1.

(Evaluation of Viewing Angle of Liquid Crystal Display
Device)

[0223] A liquid crystal display device was produced by
using the laminated polarizing film on the light source side 42
and the polarizing film on the observer side 41, which had
been obtained above, the IPS liquid crystal cell 46 and the
backlight 51, according the constitution disclosed in FIG. 3,
and evaluated for viewing angle characteristics. The evalua-
tion results are shown in FIG. 5.

[0224] As shown in FIG. 5, it was found that the liquid
crystal display device produced in Comparative Example 1
had a higher transmittance than those of Examples, in par-
ticular, has a transmittance of about 1% or more at from 450
to 650 nm, in which a human had high visibility, and thus had
no effect of enhancing the viewing angle. As a result of visual
observation of the black state, it was confirmed that change in
brightness and change in color depending on viewing angle

Sep. 17, 2009

were significantly large as compared to those of Examples,
and it was difficult to produce a liquid crystal display device
excellent in viewing angle.

Comparative Fxample 2

[0225] FIG. 4 shows an arrangement of an optical element
in Comparative Example 2. In FIG. 4, numeral 61 denotes a
polarizing film on the observer side, 62 denotes a polarizing
film on the light source side, 63 denotes a protective film, 64
denotes a polarizing film, 65 denotes a triacetyl cellulose film
(TAC1), 66 denotes an IPS liquid crystal cell, 67 denotes a
triacetyl cellulose film (TAC2), 68 denotes a positive optical
film, 69 denotes a protective film, 70 denotes a backlight
(light source), 71 denotes an absorption axis, 72 denotes a
phase slow axis, 73 denotes a phase slow axis (liquid crystal
orientation axis), 74 denotes a phase slow axis, and 75
denotes an absorption axis.

(Production of Laminated Polarizing Film on Light Source
Side 62)

[0226] The polarizing film on the light source side 62 was
produced in the same manner as in the production of the
polarizing film on the observer side 1 in Example 1 by using
the triacety! cellulose film (TAC1) having the optical charac-
teristics shown in Table 1 used in Example 1.

(Production of Polarizing Film on Observer Side 61)

[0227] The polarizing film on the observer side 61 was
produced in the same manner as the polarizing film on the
observer side 1 in Example 1.

(Evaluation of Viewing Angle of Liquid Crystal Display
Device)

[0228] A liquid crystal display device was produced by
using the laminated polarizing film on the light source side 62
and the polarizing film on the observer side 61, which had
been obtained above, the IPS liquid crystal cell 66 and the
backlight 70, according the constitution disclosed in FIG. 4,
and evaluated for viewing angle characteristics. The evalua-
tion results are shown in FIG. 5.

[0229] As shown in FIG. 5, it was found that the liquid
crystal display device produced in Comparative Example 2
had a higher transmittance than those of Examples, in par-
ticular, has a transmittance of about 1% or more at from 450
to 650 nm, in which a human had high visibility, and thus had
a narrow viewing angle.

TABLE 1

Example 1 Example 2 Example 3 Example 4 Example 5

Ryz4 (450) 152 155 141 146 98
Ry (550) 126 128 117 121 116
Rpnz (450) 51 40 49 49 51
Rpaz (550) 50 39 48 60 62
Nzpz4 (550) 0 0 0 0 0
Nzpp7 (550) 1.3 1.3 1.3 1.2 1.2
Reucr (550) 1 1 1 1 1
Rthryey 13 13 13 13 13
(550)

Ry (550) none 1 none none none
Rthrye none 13 none none none
(550)
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Ryz4(450), Ry ,(550): in-plane phase retardation values of
negative substantially uniaxial optical film at measurement
wavelength of 450 nm and 550 nm, respectively

RnA450), Ry A550): in-plane phase retardation values of
positive optical film at measurement wavelength of 450 nm
and 550 nm, respectively

Nz ,(550), Nz, (550): Nz values of negative substantially
uniaxial optical film and positive optical film, respectively, at
measurement wavelength of 550 nm

R14c1(550), R, 5(550): in-plane phase retardation values of
triacetyl cellulose films 1 and 2, respectively, at measurement
wavelength of 550 nm Rth ., -, (550), Rth, ,(550): Rth val-
ues of triacetyl cellulose films 1 and 2, respectively, at mea-
surement wavelength of 550 nm

Example 6

[0230] FIG. 6 shows an arrangement of an optical element
in Example 6. In FIG. 6, numeral 1' denotes a polarizing film
onthe observer side, 2' denotes a laminated polarizing film on
the light source side (second laminated polarizing film of the
invention), 3' denotes a protective film, 4' denotes a polarizing
film, §' denotes a triacetyl cellulose film (TAC1"), 6' denotes
an IPS liquid crystal cell, 7' denotes a positive substantially
uniaxial optical film, 8' denotes a negative optical film, 9'
denotes a polarizing film, 10' denotes a protective film, 11'
denotes a backlight (light source), 12' denotes an absorption
axis, 13' denotes a phase slow axis, 14' denotes a phase slow
axis (liquid crystal orientation axis), 15' denotes a phase slow
axis, 16' denotes a phase slow axis, and 17' denotes an absorp-
tion axis.

(Production of Laminated Polarizing Film on Light Source
Side (Second Laminated Polarizing Film of the Invention)2')

[0231] Inproduction of the laminated polarizing film on the
light source side (second laminated polarizing film of the
invention) 2' shown in FIG. 6, a triacetyl cellulose film having
a thickness of 80 um having been saponified, which was
disposed outside the polarizing film 9' as viewed from the IPS
liquid crystal cell 6' and functioned as the protective film 10’
for the polarizing film 9', was adhered to the polarizing film
10" with an adhesive containing polyvinyl alcohol having
glyoxal added thereto by lamination in a roll-to-roll process.
[0232] The negative optical film 8 containing the copoly-
mer polycarbonate having the optical characteristics shown in
Table 2 produced in the item (4-1), which had been subjected
10 a corona treatment on the surface thereof, was then simi-
larly adhered to the surface of the polarizing film 9' opposite
to the protective film 10" with a water-soluble polyurethane
adhesive by a roll-to-roll process.

[0233] The positive substantially uniaxial optical film 7'
containing the amorphous polyolefin (APO) having the opti-
cal characteristics shown in Table 2 produced in the item (3-1)
was subjected to a corona treatment and adhered to the sur-
face of the negative optical film 8' by lamination in a roll-to-
roll process, so as to provide the laminated polarizing film on
the light source side (second laminated polarizing film of the
invention) 2'.

[0234] In the laminated polarizing film on the light source
side (second laminated polarizing film of the invention) 2'
thus obtained, the principal orientation direction of polymer
main chains of the positive substantially uniaxial optical film
7' and the absorption axis of the polarizing film 9' were in
parallel to each other, and the principal orientation direction
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of polymer main chains of the negative optical film 8' and the
absorption axis of the polarizing film 9' were perpendicular to
each other.

(Production of Polarizing Film on Observer Side 1')

[0235] Inproduction of the polarizing film on the observer
side 1' shown in FIG. 6, a triacetyl cellulose film having a
thickness of 80 um having been saponified, which was dis-
posed outside the polarizing film 4' as viewed from the IPS
liquid crystal cell 6' and functioned as the protective film 3' for
the polarizing film 4', was adhered to the polarizing film 4'
with an adhesive containing polyvinyl alcohol having glyoxal
added thereto by lamination in a roll-to-roll process.

[0236] The triacetyl cellulose film (TAC1') §' having the
optical characteristics shown in Table 2 and a thickness of 80
wm, which had been subjected to a saponification treatment,
was then similarly adhered to the opposite surface of the
polarizing film 4' by a roll-to-roll process to provide the
polarizing film on the observer side 1'.

(Evaluation of Viewing Angle of Liquid Crystal Display
Device)

[0237] A liquid crystal display device was produced by
using the laminated polarizing film on the light source side
(second laminated polarizing film of the invention) 2' and the
polarizing film on the observer side 1', which had been
obtained above, the IPS liquid crystal cell 6' and the backlight
11", according the constitution disclosed in FIG. 6, and evalu-
ated for viewing angle characteristics. The evaluation results
are shown in FIG. 10.

[0238] As shown in FIG. 10, it was found that the liquid
crystal display device produced in Example 6 had a transmit-
tance of less than 0.5% at from 450 to 650 nm, in which a
human had high visibility, and thus had an effect of enhancing
the viewing angle. As a result of visual observation of the
black state, it was confirmed that change in brightness
depending on viewing angle was small, and the viewing angle
was significantly enhanced.

Example 7

[0239] FIG. 7 shows an arrangement of an optical element
in Example 7. In FIG. 7, numeral 21' denotes a polarizing film
on the observer side, 22' denotes a laminated polarizing film
on the light source side (second laminated polarizing film of
the invention), 23' denotes a protective film, 24' denotes a
polarizing film, 25' denotes a triacetyl cellulose film (TAC1"),
26' denotes an IPS liquid crystal cell, 27' denotes a positive
substantially uniaxial optical film, 28' denotes a negative
optical film, 29' denotes a triacetyl cellulose film (TAC2"), 30’
denotes a polarizing film, 31' denotes a protective film, 32'
denotes a backlight (light source), 33' denotes an absorption
axis, 34' denotes a phase slow axis, 35' denotes a phase slow
axis (liquid crystal orientation axis), 36' denotes a phase slow
axis, 37" denotes a phase slow axis, 38' denotes a phase slow
axis, and 39' denotes an absorption axis.

(Production of Laminated Polarizing Film on Light Source
Side (Second Laminated Polarizing Film of the Invention)
22)

[0240] Inproduction of thelaminated polarizing film on the
light source side (second laminated polarizing film of the
invention) 22' shown in FIG. 7, a triacetyl cellulose film
having a thickness of 80 pm having been saponified, which
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was disposed outside the polarizing film 30' as viewed from
the IPS liquid crystal cell 26' and functioned as the protective
film 31" for the polarizing film 30", was adhered to the polar-
izing film 30" with an adhesive containing polyvinyl alcohol
having glyoxal added thereto by lamination in a roll-to-roll
process.

[0241] The triacetyl cellulose film (TAC2'") 29' having the
optical characteristics shown in Table 2 and a thickness of 80
pm, which had been subjected to a saponification treatment,
was then similarly adhered to the opposite surface of the
polarizing film 30" by a roll-to-roll process.

[0242] The negative optical film 28' containing the copoly-
mer polycarbonate having the optical characteristics shown in
Table 2 produced in the item (4-1), which had been subjected
10 a corona treatment on the surface thereof, was then simi-
larly adhered to the surface of the triacetyl cellulose film
(TAC2'") 29" with an acrylic adhesive by lamination in a roll-
to-roll process.

[0243] The positive substantially uniaxial optical film 27'
containing the amorphous polyolefin (APO) having the opti-
cal characteristics shown in Table 2 produced in the item (3-1)
and the negative optical film 28' were adhered to each other by
a roll-to-roll process to provide the laminated polarizing film
on the light source side (second laminated polarizing film of
the invention) 22",

[0244] In the laminated polarizing film on the light source
side (second laminated polarizing film of the invention) 22'
thus obtained, the principal orientation direction of polymer
main chains of the positive substantially uniaxial optical film
27" and the absorption axis of the polarizing film 30' were in
parallel to each other, and the principal orientation direction
ofpolymer main chains of the negative optical film 28' and the
absorption axis of the polarizing film 30' were perpendicular
to each other.

(Production of Polarizing Film on Observer Side 21')

[0245] The polarizing film on the observer side 21' was
produced in the same manner as the polarizing film on the
observer side 1' in Example 6.

(Evaluation of Viewing Angle of Liquid Crystal Display
Device)

[0246] A liquid crystal display device was produced by
using the laminated polarizing film on the light source side
(second laminated polarizing film of the invention) 22" and
the polarizing film on the observer side 21', which had been
obtained above, the IPS liquid crystal cell 26' and the back-
light 32, according the constitution disclosed in FIG. 7, and
evaluated for viewing angle characteristics. The evaluation
results are shown in FIG. 10.

[0247] As shown in FIG. 10, it was found that the liquid
crystal display device produced in Example 7 had a transmit-
tance of less than 0.5% at from 450 to 650 nm, in which a
human had high visibility, and thus had an effect of enhancing
the viewing angle. As a result of visual observation of the
black state, it was confirmed that change in brightness
depending on viewing angle was small, and the viewing angle
was significantly enhanced.

Example 8
[0248] InExample8, anoptical element having an arrange-
ment shown in FIG. 6 was produced as similar to Example 6.
(Production of Laminated Polarizing Film on Light Source
Side (Second Laminated Polarizing Film of the Invention)2')

[0249] The laminated polarizing film on the light source
side (second laminated polarizing film of the invention) 2'
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was produced in the same manner as in Example 6 except that
the negative optical film containing the copolymer polycar-
bonate produced in the item (4-1) and the positive substan-
tially uniaxial optical film containing the amorphous polyole-
fin (APO) produced in the item (3-1), having the optical
characteristics shown in Table 2, were used.

(Production of Polarizing Film on Observer Side 1')

[0250] The polarizing film on the observer side 1' was pro-
duced in the same manner as the polarizing film on the
observer side 1' in Example 6.

(Evaluation of Viewing Angle of Liquid Crystal Display
Device)

[0251] A liquid crystal display device was produced by
using the laminated polarizing film on the light source side
(second laminated polarizing film of the invention) 2' and the
polarizing film on the observer side 1', which had been
obtained above, the IPS liquid crystal cell 6' and the backlight
11', according the constitution disclosed in FIG. 6, and evalu-
ated for viewing angle characteristics. The evaluation results
are shown in FIG. 10.

[0252] As shown in FIG. 10, it was found that the liquid
crystal display device produced in Example 8 had a transmit-
tance of less than 0.5% at from 450 to 650 nm, in which a
human had high visibility, and thus had an effect of enhancing
the viewing angle. As a result of visual observation of the
black state, it was confirmed that change in brightness
depending on viewing angle was small, and the viewing angle
was significantly enhanced.

Example 9

[0253] InExample9, an optical element having an arrange-
ment shown in FIG. 6 was produced as similar to Example 6.

(Production of Laminated Polarizing Film on Light Source
Side (Second Laminated Polarizing Film of the Invention) 2')

[0254] The laminated polarizing film on the light source
side (second laminated polarizing film of the invention) 2'
was produced in the same manner as in Example 6 except that
the positive optical film containing the copolymer polycar-
bonate produced in the item (4-1) and the negative substan-
tially uniaxial optical film containing the copolymer polycar-
bonate produced in the item (3-2), having the optical
characteristics shown in Table 2, were used.

(Production of Polarizing Film on Observer Side 1')

[0255] The polarizing film on the observer side 1' was pro-
duced in the same manner as the polarizing film on the
observer side 1' in Example 6.

(Evaluation of Viewing Angle of Liquid Crystal Display
Device)

[0256] A liquid crystal display device was produced by
using the laminated polarizing film on the light source side
(second laminated polarizing film of the invention) 2' and the
polarizing film on the observer side 1', which had been
obtained above, the IPS liquid crystal cell 6' and the backlight
11', according the constitution disclosed in FIG. 6, and evalu-
ated for viewing angle characteristics. The evaluation results
are shown in FIG. 10.
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[0257] As shown in FIG. 10, it was found that the liquid
crystal display device produced in Example 9 had a transmit-
tance of less than 0.5% at from 450 to 650 nm, in which a
human had high visibility, and thus had an effect of enhancing
the viewing angle. As a result of visual observation of the
black state, it was confirmed that change in brightness
depending on viewing angle was small, and the viewing angle
was significantly enhanced.

Example 10

[0258] In Example 10, an optical element having an
arrangement shown in FIG. 6 was produced as similar to
Example 6.

(Production of Laminated Polarizing Film on Light Source
Side (Second Laminated Polarizing Film of the Invention) 2')

[0259] The laminated polarizing film on the light source
side (second laminated polarizing film of the invention) 2'
was produced in the same manner as in Example 6 except that
the positive optical film containing the blend of polyphe-
nylene oxide and polystyrene produced in the item (4-2) and
the negative substantially uniaxial optical film containing the
copolymer polycarbonate produced in the item (3-2), having
the optical characteristics shown in Table 2, were used.

(Production of Polarizing Film on Observer Side 1')

[0260] The polarizing film on the observer side 1' was pro-
duced in the same manner as the polarizing film on the
observer side 1' in Example 6.

(Evaluation of Viewing Angle of Liquid Crystal Display
Device)

[0261] A liquid crystal display device was produced by
using the laminated polarizing film on the light source side
(second laminated polarizing film of the invention) 2' and the
polarizing film on the observer side 1', which had been
obtained above, the IPS liquid crystal cell 6' and the backlight
11", according the constitution disclosed in FIG. 6, and evalu-
ated for viewing angle characteristics. The evaluation results
are shown in FIG. 10.

[0262] As shown in FIG. 10, it was found that the liquid
crystal display device produced in Example 10 had a trans-
mittance of less than 0.5% at from 450 to 650 nm, in which a
human had high visibility, and thus had an effect of enhancing
the viewing angle. As a result of visual observation of the
black state, it was confirmed that change in brightness
depending on viewing angle was small, and the viewing angle
was significantly enhanced.

Comparative Example 3

[0263] FIG. 8 shows an arrangement of an optical element
in Comparative Example 3. In FIG. 8, numeral 41' denotes a
polarizing film on the observer side, 42' denotes a polarizing
film on the light source side, 43' denotes a protective film, 44'
denotes a polarizing film, 45' denotes a triacetyl cellulose film
(TAC1"), 46' denotes an IPS liquid crystal cell, 47" denotes a
triacetyl cellulose film (TAC2"), 48' denotes a polarizing film,
49' denotes a protective film, 50" denotes a backlight (light
source), 51' denotes an absorption axis, 52' denotes a phase
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slow axis, 53' denotes a phase slow axis (liquid crystal orien-
tation axis), 54' denotes a phase slow axis, and 55' denotes an
absorption axis.

(Production of Laminated Polarizing Film on Light Source
Side 42")

[0264] The polarizing film on the light source side 42' was
produced in the same manner as in the production of the
polarizing film on the observer side 1' in Example 6 by using
the triacetyl cellulose film (TAC1'") having the optical char-
acteristics shown in Table 2 used in Example 6.

(Production of Polarizing Film on Observer Side 41')

[0265] The polarizing film on the observer side 41' was
produced in the same manner as the polarizing film on the
observer side 1' in Example 6.

(Evaluation of Viewing Angle of Liquid Crystal Display
Device)

[0266] A liquid crystal display device was produced by
using the laminated polarizing film on the light source side 42"
and the polarizing film on the observer side 41', which had
been obtained above, the IPS liquid crystal cell 46' and the
backlight 50", according the constitution disclosed in FIG. 8,
and evaluated for viewing angle characteristics. The evalua-
tion results are shown in FIG. 10.

[0267] As shown in FIG. 10, it was found that the liquid
crystal display device produced in Comparative Example 3
had a higher transmittance than those of Examples, in par-
ticular, has a transmittance of about 1% or more at from 450
to 650 nm, in which a human had high visibility, and thus had
no effect of enhancing the viewing angle.

Comparative Example 4

[0268] FIG. 9 shows an arrangement of an optical element
in Comparative Example 4. In FIG. 9, numeral 61' denotes a
polarizing film on the observer side, 62' denotes a laminated
polarizing film on the light source side, 63' denotes a protec-
tive film, 64' denotes a polarizing film, 65' denotes a triacetyl
cellulose film (TAC1"), 66' denotes an IPS liquid crystal cell,
67" denotes a negative optical film, 68' denotes a positive
substantially uniaxial optical film, 69' denotes a polarizing
film, 70" denotes a protective film, 71' denotes a backlight
(light source), 72' denotes an absorption axis, 73' denotes a
phase slow axis, 74' denotes a phase slow axis (liquid crystal
orientation axis), 75' denotes a phase slow axis, 76' denotes a
phase slow axis, and 77" denotes an absorption axis.

(Production of Laminated Polarizing Film on Light Source
Side 62')

[0269] The laminated polarizing film on the light source
side 62' was produced in the same manner as in Example 6
except that the order of lamination of the two phase retarda-
tion films in the laminated polarizing film on the light source
side 62' was reversed. The two optical films used had the same
optical characteristics as in Example 6.

(Production of Polarizing Film on Observer Side 61')

[0270] The polarizing film on the observer side 61' was
produced in the same manner as the polarizing film on the
observer side 1' in Example 6.

(Evaluation of Viewing Angle of Liquid Crystal Display
Device)

[0271] A liquid crystal display device was produced by
using the laminated polarizing film on the light source side 62'
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and the polarizing film on the observer side 61', which had
been obtained above, the IPS liquid crystal cell 66' and the
backlight 71', according the constitution disclosed in FIG. 9,
and evaluated for viewing angle characteristics. The evalua-
tion results are shown in FIG. 10.

[0272] As shown in FIG. 10, it was found that the liquid
crystal display device produced in Comparative Example 4
had a higher transmittance than those of Examples, in par-
ticular, has a transmittance of about 1% or more at from 450
to 650 nm, in which a human had high visibility, and thus had
a narrow viewing angle.

TABLE 2

Example
Example 6 Example 7 Example 8 Example 9 10

Rpoq (450) 109 111 88 98 98
Rpo4 (550) 108 110 87 119 120
Rz (450) 73 87 66 69 45
Rz (550) 61 72 55 57 54
Nzpoy (550) 1.0 1.0 1.0 1.0 1.0
Nzwyz (550) -0.3 -0.3 -0.3 -0.3 -0.3
Ryucr (550) 1 1 1 1 1
Rthzyer, 13 13 13 13 13
(550)

Rzuca, (350) none 1 none none none
Rthyye, none 13 none none none
(550)

R;04(450), Rpp,(550): in-plane phase retardation values of
positive substantially uniaxial optical film at measurement
wavelength of 450 nm and 550 nm, respectively

Rywz(450), Ryn(550): in-plane phase retardation values of
negative optical film at measurement wavelength of 450 nm
and 550 nm, respectively

NZp0,4(550), Nz, A550): Nz values of positive substantially
uniaxial optical film and negative optical film, respectively, at
measurement wavelength of 550 nm

Ryyc1(550), Ry (550): in-plane phase retardation values
of triacetyl cellulose films 1' and 2', respectively, at measure-
ment wavelength of 550 nm

Rth,, ,.(550), Rth,, ,(550): Rth values of triacetyl cellu-
lose films 1' and 2', respectively, at measurement wavelength
of 550 nm

INDUSTRIAL APPLICABILITY

[0273] The laminated polarizing film of the invention can
be produced by a roll-to-roll process and thus is excellent in
polarization scrambling capability and homogeneity thereof,
and a liquid crystal display device can have high perfor-
mance, particularly an enhanced viewing angle, by applying
the laminated polarizing film to the display device.

1. A laminated polarizing film comprising a negative sub-
stantially uniaxial optical film comprising a thermoplastic
polymer having a negative molecular polarizability anisot-
ropy, a positive optical film comprising a thermoplastic poly-
mer having a positive molecular polarizability anisotropy,
and a polarizing film, that are laminated at least in this order,
a slow axis within a film plane of the negative substantially
uniaxial optical film and a slow axis within a film plane of the
positive optical film being substantially in parallel to each
other, and each being substantially perpendicular to an
absorption axis of the polarizing film,

a positional relationship between a principal orientation

direction of polymer main chains of the negative sub-
stantially uniaxial optical film and the absorption axis of
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the polarizing film being substantially in parallel, and a
positional relationship between a principal orientation
direction of polymer main chains of the positive optical
film and the absorption axis of the polarizing film being
substantially perpendicular.

2. The laminated polarizing film according to claim 1,
wherein an in-plane phase retardation value R,z (M) of the
negative substantially uniaxial optical film, in-plane phase
retardation value R, (2.) of the positive optical film, and an
orientation index in a thickness direction Nz(A) of the positive
optical film that is defined by the following three refractive
indices satisfy the following expressions (1) to (3) at a mea-
surement wavelength A of 550 nm:

Ne~(,-1)/(,-1,)

1n: refractive index in a direction within a film plane where

the refractive index is maximized
n;: refractive index in a direction within a film plane per-
pendicular to the direction where the refractive index is
maximized
1n,: refractive index in a normal direction with respect to the

film plane

S0=Ryy(W=170 o)
10= Ry AR)=100 )
1=Nz(W)=2 3)

3. The laminated polarizing film according to claim 1,
wherein the negative substantially uniaxial optical film, the
positive optical film or both of them have reverse wavelength
dispersion characteristics of the phase retardation.

4. The laminated polarizing film according to claim 1,
wherein the thermoplastic polymer having a negative
molecular polarizability anisotropy contains polycarbonate
having a fluorene skeleton.

5. The laminated polarizing film according to claim 1,
wherein the thermoplastic polymer having a positive molecu-
lar polarizability anisotropy contains amorphous polyolefin.

6. The laminated polarizing film according to claim 5,
wherein the amorphous polyolefin (i) is a copolymer contain-
ing ethylene and norbornene, and (ii) has a ratio of a meso
configuration and a rasemo configuration of meso/rasemo>4
in a steric configuration of a dyad of a norbornene unit.

7. The laminated polarizing film according to claim 1,
wherein the negative substantially uniaxial optical film is
produced by longitudinal uniaxial stretching, and the positive
optical film is produced by transversal uniaxial stretching.

8. The laminated polarizing film according to claim 1,
wherein the laminated polarizing film is in a roll form, the
slow axes within a film plane of the negative substantially
uniaxial optical film and the positive optical film are substan-
tially perpendicular to a longitudinal direction, and the
absorption axis of the polarizing film is substantially in par-
allel to the longitudinal direction.

9. The negative substantially uniaxial optical film or the
positive optical film constituting the laminated polarizing
film according to claim 1.

10. A laminated phase retardation film comprising the
negative substantially uniaxial optical film and the positive
optical film according to claim 1 that are laminated on each
other.

11. A liquid crystal display device comprising the lami-
nated polarizing film according to claim 1.
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12. A laminated polarizing film comprising a positive sub-
stantially uniaxial optical film comprising a thermoplastic
polymer having a positive molecular polarizability anisot-
ropy, a negative optical film comprising a thermoplastic poly-
mer having a negative molecular polarizability anisotropy,
and a polarizing film, that are laminated at least in this order,
a slow axis within a film plane of the positive substantially
uniaxial optical film and a slow axis within a film plane of the
negative optical film each being substantially in parallel to an
absorption axis of the polarizing film,

a positional relationship between a principal orientation
direction of polymer main chains of the positive substan-
tially uniaxial optical film and the absorption axis of the
polarizing film being substantially in parallel, and a
positional relationship between a principal orientation
direction of polymer main chains of the negative optical
film and the absorption axis of the polarizing film being
substantially perpendicular.

13. The laminated polarizing film according to claim 10,
wherein an in-plane phase retardation value R, ,(A) of the
positive substantially uniaxial optical film, in-plane phase
retardation value R (1) of the negative optical film, and an
orientation index in a thickness direction Nz(A) of the nega-
tive optical film that is defined by the following three refrac-
tive indices satisfy the following expressions (21)to (23)ata
measurement wavelength A of 550 nn:

Nr=(n-n)/ (-1,

n: refractive index in a direction within a film plane where
the refractive index is maximized

n,: refractive index in a direction within a film plane per-
pendicular to the direction where the refractive index is
maximized

n_: refractive index in a normal direction with respect to the
film plane

30=Rp, (W) =170 @1
20=R, 5, (M=140 Q2

—1=Nz(M=0 @3)

Sep. 17, 2009

14. The laminated polarizing film according to claim 12,
wherein the positive substantially uniaxial optical film, the
negative optical film or both of them have reverse wavelength
dispersion characteristics of the phase retardation.

15. The laminated polarizing film according to claim 12,
wherein the thermoplastic polymer having a negative
molecular polarizability anisotropy contains polycarbonate
having a fluorene skeleton.

16. The laminated polarizing film according to claim 12,
wherein the thermoplastic polymer having a positive molecu-
lar polarizability anisotropy contains amorphous polyolefin.

17. The laminated polarizing film according to claim 16,
wherein the amorphous polyolefin (i) is a copolymer contain-
ing ethylene and norbormene, and (ii) has a ratio of a meso
configuration and a rasemo configuration of meso/rasemo>4
in a steric configuration of a dyad of a norbornene unit.

18. The laminated polarizing film according to claim 12,
wherein the positive substantially uniaxial optical film is pro-
duced by longitudinal uniaxial stretching, and the negative
optical film is produced by transversal uniaxial stretching.

19. The laminated polarizing film according to claim 12,
wherein the laminated polarizing film is in a roll form, the
slow axes within a film plane of the positive substantially
uniaxial optical film and the negative optical film are substan-
tially perpendicular to a longitudinal direction, and the
absorption axis of the polarizing film is substantially in par-
allel to the longitudinal direction.

20. The positive substantially uniaxial optical film or the
negative optical film constituting the laminated polarizing
film according to claim 12.

21. A laminated phase retardation film comprising the posi-
tive substantially uniaxial optical film and the negative optical
film according to claim 12 that are laminated on each other.

22. A liquid crystal display device comprising the lami-
nated polarizing film according to claim 12.
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