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(57) ABSTRACT

A liquid crystal display device of an in-plane switching mode
comprises at least optically anisotropic members (A) and (B)
and a liquid crystal cell disposed between a pair of polarizers
having absorption axes disposed approximately perpendicu-
larly to each other, wherein n_,>n , and n_z>n . (1, 0z
refractive indices (n) in the direction of the in-plane slow axis;
n,,,, 05 1 in the in-plane direction perpendicular to the above
direction; n_, n_z: nin the direction of thickness, each at 550
nm); the in-plane slow axes of (A) and (B) are approximately
parallel or perpendicular to each other; and the in-plane slow

(30) Foreign Application Priority Data axis of (A) is approximately parallel or perpendicular to the
absorption axis of a polarizer closer to (A). The antireflection
Nov. 21,2003 (JP) v 2003-392976  property, scratch resistance and durability are excellent, the
Jan. 30,2004 (JP) .... 2004-024638 angle of field is wide, and uniform display of images with
Sep. 27,2004 (JP) ovvvevvvererereceeeecevnens 2004-279373  great contrast can be achieved at any angle of observation.
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This applicationis a Divisional of co-pending appli-
cation Ser. No. 10/579,739 filed on May 18, 2006, and for
which priority is claimed under 35 U.S.C. §120. Application
Ser. No. 10/579,739 is the national phase of International
Application No. PCT/JP2004/017538 filed on Nov. 18, 2004
under 35 U.S.C. §371. International Application No. PCT/
JP2004/017538 claims priority of Application No. JP 2003-
392976, JP 2004-024638, JP 2004-279373 filed in Japan on
Nov. 21,2003, Jan. 30, 2004, Sep. 27, 2004, respectively. The
entire contents of each of the above-identified applications
are hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to a liquid crystal dis-
play device. More particularly, the present invention relates to
a liquid crystal display device which exhibits excellent anti-
reflection property, scratch resistance and durability, provides
awide angle of field and achieves uniform display of images
with great contrast at any angle of observation.

BACKGROUND ART

[0003] Liquid crystal display devices are characterized by
the high quality of images, the small thickness, the light
weight and the small consumption of electric power and
widely used for televisions, personal computers and automo-
bile navigators. It has been pointed out that liquid crystal
display devices have a drawback in that brightness, color and
contrast vary to a great extent and difficulty arises in watching
images when the images are observed at oblique angles.
[0004] To overcome the drawback, improvements in the
design of the liquid crystal cell itself have been studied, and a
liquid crystal display device of the in-plane switching mode is
proposed as one of the improvements (for example, Patent
Reference 1). In accordance with the proposed technology,
the angle of field is improved in comparison with that of
liquid crystal display devices of other modes. However, in
accordance with this technology, the arrangement of polarizer
plates shifts from the cross-nichol arrangement depending on
the angle of observation, and this causes a decrease in the
angle of field due to leak of light although the decrease in the
angle of field due to the liquid crystal molecules in the liquid
crystal cell is relatively suppressed. Moreover, further
improvement is desired with respect to the narrow angle of
field due to the liquid crystal molecules in the liquid crystal
cell. Therefore, it is attempted that the decrease in the contrast
of images is suppressed by adding a means for optical com-
pensation to the liquid crystal display devices of the in-plane
switching mode.

[0005] Forexample, aliquid crystal display device in which
a sheet for optical compensation is disposed between a liquid
crystal cell and at least one of polarizer plates, the sheet for
optical compensation is optically negatively uniaxial, and the
optical axis is parallel to the face of the sheet, is proposed
(Patent Reference 2).

[0006] As another liquid crystal display device of the in-
plane switching mode, a liquid crystal display device in
which a first polarizer plate, a film for optical compensation,
a first substrate, a liquid crystal layer, a second substrate and
a second polarizer plate are disposed in this order, one of the
polarizer plates has a transmission axis parallel to the slow
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axis of the liquid crystal during the dark display of the liquid
crystal layer, and the angle between the slow axis of the film
in the sheet for optical compensation and the transmission
axis in one of the polarizer plates is 0 to 2° or 88 to 90°, is
proposed (Patent Reference 3).

[0007] However, none of these means are sufficient for
providing a liquid crystal display device which exhibits uni-
form display of images with a great contrast at any angle of
observation, and further improvement has been desired.
[0008] [Patent Reference 1] Japanese Patent Application
Laid-Open No. Heisei 7(1995)-261152

[0009] [Patent Reference 2] Japanese Patent Application
Laid-Open No. Heisei 10(1998)-054982

[0010] [Patent Reference 3] Japanese Patent Application
Laid-Open No. Heisei 11(1999)-305217

DISCLOSURE OF THE INVENTION

[0011] The present invention has an object of providing a
liquid crystal display device which exhibits excellent antire-
flection property, scratch resistance and durability, provides a
wide angle of field and achieves uniform display of images
with great contrast at any angle of observation.

[0012] As the result of intensive studies by the present

inventors to overcome the above problems, it was found that

the decrease in the contrast could be prevented and a liquid
crystal display device of the in-plane switching mode exhib-
iting a wide angle of field with a great contrast could be
obtained when two layers of optically anisotropic members
having a specific refractive index were disposed at specific

relative positions with respect to a liquid crystal cell and a

polarizer, and that the decrease in the contrast could be pre-

vented and a liquid crystal display device of the in-plane
switching mode exhibiting a wide angle of field with a great
contrast could be obtained when optically anisotropic mem-

ber (A) satisfying n_>n, and optically anisotropic member (B)

satisfying n >n,_ were arranged at specific relative positions

with respect to the liquid crystal cell and a polarizer, wherein

n, represented the refractive index in the direction of the

in-plane slow axis, n, represented the refractive index in the

direction in-plane and perpendicular to the in-plane slow axis,
and n, represented the refractive index in the direction of the
thickness, each measured using light having a wavelength of

550 nm. The present invention has been completed based on

the knowledge.

[0013] The present invention provides:

[0014] (1) A liquid crystal display device of an in-plane
switching mode which comprises a pair of polarizers
which are a polarizer at an output side and a polarizer at an
incident side and disposed at relative positions such that
absorption axes of the polarizers are approximately per-
pendicular to each other and at least optically anisotropic
member (A), optically anisotropic member (B) and a liquid
crystal cell which are disposed between the pair of polar-
izers, wherein n_>n, , and n,z>n_, when, with respect to
optically anisotropic member (A) and optically anisotropic
member (B), refractive indices in a direction of an in-plane
slow axis are represented by n_, and n g, respectively,
refractive indices in a direction in-plane and perpendicular
to the direction of an in-plane slow axis are represented by
n,,, and n, 5, respectively, and refractive indices in a direc-
tion of a thickness are represented by n_, and n_g, respec-
tively, each measured using light having a wavelength of
550 nm; the in-plane slow axis of optically anisotropic
member (A) and the in-plane slow axis of optically aniso-
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tropic member (B) are disposed at relative positions
approximately parallel or approximately perpendicular to
each other; and the in-plane slow axis of optically aniso-
tropic member (A) and the absorption axis of a polarizer
disposed closer to optically anisotropic member (A) are
disposed at relative positions approximately parallel or
approximately perpendicular to each other;

[0015] (2) The liquid crystal display device described in
(1), wherein the absorption axis of the polarizer at the
output side and the in-plane slow axis of a liquid crystal of
the liquid crystal cell under application of no voltage are
disposed at relative positions parallel to each other, opti-
cally anisotropic member (A) and optically anisotropic
member (B) are disposed between the liquid crystal cell
and the polarizer at the incident side, and the in-plane slow
axes of optically anisotropic member (A) and optically
anisotropic member (B) are disposed at relative positions
approximately parallel to each other;

[0016] (3) The liquid crystal display device described in
(2), wherein the in-plane slow axis of optically anisotropic
member (B) and the in-plane slow axis of the liquid crystal
of the liquid crystal cell under application of no voltage are
disposed at relative positions approximately parallel to
each other, and optically anisotropic member (A) is dis-
posed at a position closer to the liquid crystal cell than
optically anisotropic member (B);

[0017] (4) The liquid crystal display device described in
(2), wherein the in-plane slow axis of optically anisotropic
member (B) and the in-plane slow axis of the liquid crystal
of the liquid crystal cell under application of no voltage are
disposed at relative positions approximately perpendicular
to each other, and optically anisotropic member (B) is
disposed at a position closer to the liquid crystal cell than
optically anisotropic member (A);

[0018] (5) The liquid crystal display device described in
(1), wherein the absorption axis of the polarizer at the
output side and the in-plane slow axis of a liquid crystal of
the liquid crystal cell under application of no voltage are
disposed at relative positions parallel to each other, opti-
cally anisotropic member (A) and optically anisotropic
member (B) are disposed between the liquid crystal cell
and the polarizer at the output side, and the in-plane slow
axes of optically anisotropic member (A) and optically
anisotropic member (B) are disposed at relative positions
approximately parallel to each other;

[0019] (6) The liquid crystal display device described in
(5), wherein the in-plane slow axis of optically anisotropic
member (B) and the in-plane slow axis of the liquid crystal
of the liquid crystal cell under application of no voltage are
disposed at relative positions approximately perpendicular
to each other, and optically anisotropic member (A) is
disposed at a position closer to the liquid crystal cell than
optically anisotropic member (B);

[0020] (7) The liquid crystal display device described in
(5), wherein the in-plane slow axis of optically anisotropic
member (B) and the in-plane slow axis of the liquid crystal
of the liquid crystal cell under application of no voltage are
disposed at relative positions approximately parallel to
each other, and optically anisotropic member (B) is dis-
posed at a position closer to the liquid crystal cell than
optically anisotropic member (A);

[0021] (8) The liquid crystal display device described in
(1), wherein the absorption axis of the polarizer at the
output side and the in-plane slow axis of a liquid crystal of
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the liquid crystal cell under application of no voltage are
disposed at relative positions parallel to each other, opti-
cally anisotropic member (A) and optically anisotropic
member (B) are disposed separately between the liquid
crystal cell and the polarizer at the incident side and
between the liquid crystal cell and the polarizer at the
output side, and the in-plane slow axes of optically aniso-
tropic member (A) and optically anisotropic member (B)
are disposed at relative positions approximately parallel to
each other;

[0022] (9) The liquid crystal display device described in
(8), wherein the in-plane slow axis of optically anisotropic
member (A) and the in-plane slow axis of the liquid crystal
of the liquid crystal cell under application of no voltage are
disposed at relative positions approximately perpendicular
to each other, and optically anisotropic member (A) is
disposed between the liquid crystal cell and the polarizer at
the incident side;

[0023] (10) The liquid crystal display device described in
(8), wherein the in-plane slow axis of optically anisotropic
member (A) and the in-plane slow axis of the liquid crystal
of the liquid crystal cell under application of no voltage are
disposed at relative positions approximately parallel to
each other, and optically anisotropic member (A) is dis-
posed between theliquid crystal cell and the polarizer at the
output side;

[0024] (11) The liquid crystal display device described in
any one of (1) to (10), wherein an absolute value of a
difference between n,, and n_, is 0.003 or smaller, and an
absolute value of a difference between n, , and n_ is 0.003
or smaller; and

[0025] (12) The liquid crystal display device described in
any one of (1) to (11), wherein optically anisotropic mem-
ber (A) comprises a layer selected from following layers (i)
to (iil):

[0026] (i) A layer comprising a material having a negative

value of intrinsic birefringence,

[0027] (ii) A layer comprising discotic liquid crystal mol-

ecules or lyotropic liquid crystal molecules,

[0028] (iii) A layer comprising a photo-isomerizable sub-
stance.
[0029] (13) A liquid crystal display device which com-

prises a pair of polarizers disposed at relative positions
such that transmission axes of the polarizers are approxi-
mately perpendicular to each other and at least optically
anisotropic member (A), optically anisotropic member (B)
and a liquid crystal cell which are disposed between the
pair of polarizers, wherein optically anisotropic member
(A) comprises a material layer having a negative value of
intrinsic birefringence, optically anisotropic member (B)
comprises a material layer having a positive value of intrin-
sic birefringence, the in-plane slow axis of optically aniso-
tropic member (A) and the in-plane slow axis of optically
anisotropic member (B) are disposed at relative positions
approximately parallel or perpendicular to each other, and
the in-plane slow axis of optically anisotropic member (A)
and a transmission axis of a polarizer disposed closer to
optically anisotropic member (A) are disposed at relative
positions approximately parallel or approximately perpen-
dicular to each other; and

[0030] (14) A liquid crystal display device which com-
prises a pair of polarizers disposed at relative positions
such that transmission axes of the polarizers are approxi-
mately perpendicular to each other and at least optically
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anisotropic member (A), optically anisotropic member (B)
and a liquid crystal cell which are disposed between the
pair of polarizers, wherein optically anisotropic member
(A) is a member obtained by fixing a liquid crystal com-
pound to a transparent polymer film in a manner such that
the liquid crystal compound is oriented in a perpendicular
direction, optically anisotropic member (B) is a member
obtained by orienting a film comprising a resin having a
positive value of intrinsic birefringence, the in-plane slow
axis of optically anisotropic member (A) and the in-plane
slow axis of optically anisotropic member (B) are disposed
at relative positions approximately parallel or perpendicu-
lar to each other, and the in-plane slow axis of optically
anisotropic member (A) and a transmission axis of a polar-
izer disposed closer to optically anisotropic member (A)
are disposed at relative positions approximately parallel or
approximately perpendicular to each other;
[0031] To summarize the advantages of the present inven-
tion, the liquid crystal display device of the present invention
exhibits excellent antireflection property, scratch resistance
and durability, provides a wide angle of field and achieves
uniform display of images with great contrast at any angle of
observation. Therefore, the device can be advantageously
used as a flat panel display having a great area.
[0032] In the present invention, the contrast (CR) means
contrast expressed by (CR)=Y o,/ Y opr» Wherein'Y oz rep-
resents the luminance during the dark display of a liquid
crystal display device, and Y, represents the luminance
during the bright display of the liquid crystal display device.
The greater the value of CR is, the better the visibility is. The
bright display means the condition where the brightness of
the liquid crystal display is the greatest. The dark display
means the condition where the brightness of the liquid crystal
display is the smallest. In the present invention, the polar
angle means the angle between the direction of the observa-
tion and the direction directly in front of the display when the
face of the liquid crystal display is observed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 shows a diagram exhibiting a preferable
arrangement in the liquid crystal display device of the present
invention,

[0034] FIG. 2 shows a diagram exhibiting a preferable
arrangement in the liquid crystal display device of the present
invention.

[0035] FIG. 3 shows a diagram exhibiting an embodiment
having arrangement [-1 in the liquid crystal display device of
the present invention.

[0036] FIG. 4 shows a diagram exhibiting an embodiment
having arrangement [-2 in the liquid crystal display device of
the present invention.

[0037] FIG. 5 shows a diagram exhibiting an embodiment
the arrangement I1-1 in the liquid crystal display device of the
present invention.

[0038] FIG. 6 shows a diagram exhibiting an embodiment
having arrangement 11-2 in the liquid crystal display device of
the present invention.

[0039] FIG. 7 shows a diagram exhibiting an embodiment
having arrangement I11-1 in the liquid crystal display device
of the present invention.

[0040] FIG. 8 shows a diagram exhibiting an embodiment
having arrangement I11-2 in the liquid crystal display device
of the present invention.
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[0041] The numbers in the Figures have the following
meanings:

[0042] 1: A polarizer of the incident side

[0043] 2: A liquid crystal cell

[0044] 3: Optically anisotropic member (A)

[0045] 4: Optically anisotropic member (B)

[0046] S: A polarizer at the output side

THE MOST PREFERRED EMBODIMENT TO
CARRY OUT THE INVENTION

[0047] In the liquid crystal display device of the present
invention, it is preferable thatn,_,>n, , when, with respect to
optically anisotropic member (A), the refractive index in the
direction of an in-plane slow axis is represented by n_, the
refractive index in the direction in-plane and perpendicular to
the direction of the in-plane slow axis is represented by n,,,,
and the refractive index in the direction of the thickness is
represented by n_,, each measured using light having a wave-
lengthof 550 nm. It is more preferablethatn,_,-n, , is 0.00001
or greater. It is still more preferable that n, ,—n,,, 15 0.00003 or
greater. When n,,<n,,, there is the possibility that the con-
trast of the liquid crystal display device is decreased from that
obtained when the optically anisotropic member is not dis-
posed.

[0048] In the present invention, the absolute value of the
difference between n_, and n_ is 0.003 or smaller, preferably
0.002 or smaller, more preferably 0.001 or smaller, still more
preferably 0.0008 or smaller, still more preferably 0.0005 or
smaller, still more preferably 0.0003 or smaller and most
preferably 0.0001 or smaller. When the refractive indices do
not satisfy the above relation, there is the possibility that the
contrast of the liquid crystal display device is decreased from
that obtained when the optically anisotropic member is not
disposed.

[0049] It is preferable that optically anisotropic member
(A) used in the present invention comprises substances
selected from (i) alayer comprising a material having a nega-
tive value of intrinsic birefringence, (i1) a layer comprising
discotic liquid crystal molecules or lyotropic liquid crystal
molecules, and (iii) a layer comprising a photo-isomerizable
substance.

(i) A Layer Comprising a Material Having a Negative Value of
Intrinsic Birefringence

[0050] The material having a negative value of intrinsic
birefringence means a material exhibiting a property such
that, when light is incident on a layer having molecules ori-
ented in the uniaxial order, the refractive index with respect to
light in the direction of the orientation is smaller than the
refractive index with respect to light in the direction perpen-
dicular to the direction of the orientation.

[0051] Examples of the material having a negative value of
intrinsic birefringence include vinyl aromatic polymers,
polyacrylonitrile-based polymers, polymethyl methacrylate-
based polymers, cellulose ester-based polymers and multi-
component copolymers derived from these polymers. The
material having a negative value of intrinsic birefringence
may be used singly or in combination of two or more. Among
these materials, vinyl aromatic polymers, polyacrylonitrile-
based polymers and polymethyl methacrylate-based poly-
mers are preferable, and vinyl aromatic polymers are more
preferable since the birefringence is exhibited to a great
degree.
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[0052] Examples of the vinyl aromatic polymer include
polystyrene and copolymers of vinyl aromatic monomers
such as styrene, a-methylstyrene, o-methylstyrene, p-meth-
vylstyrene, p-chlorostyrene, p-nitrostyrene, p-aminostyrene,
p-carboxystyrene and p-phenylstyrene with other monomers
such as ethylene, propylene, butadiene, isoprene, (meth)-
acrylonitrile, a-chloroacrylonitrile, methyl (meth)acrylate,
ethyl (meth)-acrylate, (meth)acrylic acid, maleic anhydride
and vinyl acetate. Among these polymers, polystyrene and
copolymers of styrene and maleic anhydride are preferable.
[0053] In the present invention, where necessary, conven-
tional additives such as antioxidants, heat stabilizers, light
stabilizers, ultraviolet light absorbents, antistatic agents, dis-
persants, chlorine scavengers, flame retardants, nucleating
agents for crystallization, antiblocking agents, anticlouding
agents, mold releases, pigments, organic and inorganic fillers,
neutralizing agents, lubricants, decomposing agents, metal
inactivators, antifouling agents, antibacterial agents, other
resins and thermoplastic elastomers may be added to the
material having a negative value of the intrinsic birefringence
as long as the effects of the present invention are not adversely
affected.

[0054] Thelayer comprising the material having a negative
value of the intrinsic birefringence may further comprise
other materials. However, a layer comprising the material
having a negative value of the intrinsic birefringence alone is
preferable. A laminate having a layer comprising other mate-
rials laminated to at least one face of the layer comprising the
material having a negative value of the intrinsic birefringence
is preferable. A laminate having layers comprising other
materials laminated to both faces of the layer comprising the
material having a negative value of the intrinsic birefringence
is more preferable.

[0055] The processes for producing the layer comprising
the material having a negative value of the intrinsic birefrin-
gence and the laminate having a layer comprising other mate-
rials laminated to at least one face of the layer comprising the
material having a negative value of the intrinsic birefringence
are not particularly limited. Examples of the process include
conventional processes such as the flow coating process using
a solution, the injection molding process and the melt extru-
sion process.

[0056] Itispreferable that the layer comprising the material
having a negative value of intrinsic birefringence is an ori-
ented layer comprising the material having a negative value of
intrinsic birefringence. From the standpoint of exhibiting
excellent workability, efficiently and easily forming optically
anisotropic member (A) and maintaining stable and uniform
phase difference for a long time, it is preferable that the
laminate having a layer comprising other materials laminated
to at least one face of the layer comprising the material having
a negative value of the intrinsic birefringence is an oriented
layer. It is more preferable that the laminate having a layer
comprising other materials laminated to both faces of the
layer comprising the material having a negative value of the
intrinsic birefringence is an oriented layer. From the stand-
point of efficiently utilizing the phase difference in the layer
comprising the material having a negative value of intrinsic
birefringence, it is preferable that the layer comprising other
materials is a layer having substantially no orientation.
[0057] The processes for producing the oriented layer of
the layer comprising the material having a negative value of
intrinsic birefringence and the oriented layer of the laminate
having alayer comprising other materials laminated to at least
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one face of the layer comprising the material having a nega-
tive value of the intrinsic birefringence are not particularly
limited. From the standpoint of uniformly and efficiently
controlling the refractive index of the optically anisotropic
memberinthe direction of thickness, the process of stretching
the layer comprising the material having a negative value of
intrinsic birefringence is preferable.

[0058] From the standpoint of controlling the in-plane
refractive index of the optically anisotropic member, the pro-
cess of further laminating another stretched film to the
stretched layer comprising the material having a negative
value of intrinsic birefringence is also preferable.

[0059] Itispreferable that the layer comprising the material
having a negative value of intrinsic birefringence has a struc-
ture such that layers comprising other materials are laminated
to both faces of the layer comprising the material having a
negative value of intrinsic birefringence via a layer of an
adhesive resin. Due to this structure, even when the layer
comprising the material having a negative value of intrinsic
birefringence has a small strength and stretching of the layer
alone is difficult, the stretching becomes possible at a tem-
perature where the birefringence is easily exhibited, and opti-
cally anisotropic member (A) having a uniform phase differ-
ence over the entire face of the layer can be obtained with
excellent productivity without fracture.

[0060] Theprocesses for stretching the oriented layer of the
layer comprising the material having a negative value of
intrinsic birefringence and the oriented layer of the laminate
having a layer comprising other materials laminated to both
faces of the layer comprising the material having a negative
value of the intrinsic birefringence are not particularly lim-
ited, and a conventional process can be applied. Examples of
the process include uniaxial stretching processes such as the
process of uniaxial stretching in the longitudinal direction
utilizing the difference in the circumferential speed of rolls,
and the process of uniaxial stretching in the transverse direc-
tion using a tenter; processes of biaxial stretching such as the
process of simultaneous stretching comprising longitudinal
stretching by increasing the distance between fixing clips and
transverse stretching by an increase in the angle of opening of
guide rails, and the process of successive stretching compris-
ing longitudinal stretching utilizing the difference in the cir-
cumferential speed of rolls, followed by transverse stretching
using a tenter by gripping both end portions by clips; and
processes of oblique stretching such as the process using a
tenter stretcher which can apply longitudinal or transverse
feeding force, tensile force or winding force at different right-
ward and leftward speeds, or a tenter stretcher which has the
same distance of movement with a fixed angle of stretching 0
or has different distances of movement while longitudinal or
transverse feeding force, tensile force or winding force can be
applied at the same rightward and leftward speeds.

[0061] Asdescribed above, by stretching the layer compris-
ing the material having a negative value of intrinsic birefrin-
gence or by stretching the laminate having a layer comprising
other materials laminated to at least one face of the layer
comprising the material having a negative value of intrinsic
birefringence, the refractive index in the direction perpen-
dicular to the direction of stretching of the layer is made
greater and the refractive index in the direction of stretching
of the layer is made smaller. Thus, optically anisotropic sub-
stance (A) having a uniform phase difference can be effi-
ciently and advantageously prepared.
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(ii-1) A Layer Comprising Discotic Liquid Crystal Molecules
[0062] The discotic liquid crystal molecules are described
in various references [for example, benzene derivatives
described in C. Desrade et al., Mol. Crysr. Liq. Cryst., vol. 71,
page 111 (1981); cyclohexane derivatives described in
research reports by B. Kohne et al. and Angew. Chem., vol.
96, page 70 (1984); and aza crown-based molecules and
phenylacetylene-based macrocycles described in research
reports by J. M. Lehn et al., J. Chem. Commun., page 1794
(1985) and research reports by J. Zhang et al., J. Am. Chem.
Sci. vol. 116, page 2655 (1994)]. In general, the discotic
liquid crystal has a structure in which these molecules are
placed as the mother nucleus and linear alkyl groups and
alkoxyl groups and substituted benzoyloxyl group are added
as substituents in the form of linear chains in a radial shape.
Specific examples of the discotic crystal include compounds
represented by the following formulae (1) and (2):

@

[0063] Informula (1), R represents one of groups expressed
by the following formulae (i) to (iii):

@
0O
H_C11H23_C_

(ii)
o]

|
H_C12H25_O‘<:>7C_O_
(0]
< > < > I
1—CpHy5-0 N=N C—C—

@

(iii)
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[0064] Informula(2), R represents one of groups expressed
by formulae A to F:

A
n=—C,Hp1—0—
(m=2,3,...15)
B.
0
n—CgH;;~C—0—
C.
I
n—CgH]7—04®7C—O—
D.
I
n—cmHz,ﬂﬂ—oA@—CH:m—c—o—
m=7,8,9,10)
E.
I I
CHy— CH—C—0—C,,Hyy—O C—0—
N
0
(m=-45, ... 10)
F.
I I
CHZ—CH—C—O—CmHZW—O@C—O—
(m=4,5, ... 10)

[0065] Itis preferable that the layer comprising the discotic
liquid crystal molecules comprises a layer in which the dis-
cotic liquid crystal molecules are oriented in the direction
substantially perpendicular to the face of the substrate from
the standpoint of efficiently and easily forming optically
anisotropic member (A) and maintaining the stable and uni-
form phase difference for a long time. The substantially per-
pendicular orientation of the discotic liquid crystal molecules
means a condition such that the discotic liquid crystal mol-
ecules are arranged in an orientation at an average oblique
angle of 50 to 90° with respect to the face of the substrate.
Examples of the substrate include films and plates made of
glass and resins. From the standpoint of the decrease in the
weight, the decrease in the thickness and the efficiency of
production, the layer comprising the discotic liquid crystal
molecules may be a laminate in which the discotic liquid
crystal molecules are oriented substantially perpendicularly
to the polarizer or optically anisotropic member (B) used in
the present invention.

[0066] The process for producing optically anisotropic
member (A) from a layer comprising the discotic liquid crys-
tal molecules is not particularly limited. A process of lami-
nating the discotic liquid crystal molecules to a substrate is
preferable. From the standpoint of efficient control of the
refractive index in the direction of the thickness of optically
anisotropic member (A), the process of laminating the dis-
cotic liquid crystal molecules in a manner such that the dis-
cotic liquid crystal molecules are oriented substantially per-
pendicular to the face of the substrate is preferable. Optically
anisotropic member (A) can be formed efficiently in accor-
dance with the above process.
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[0067] As for the process for arranging the discotic liquid
crystal molecules in the perpendicular direction, this arrange-
ment can be obtained by coating a film for perpendicular
orientation with a coating fluid comprising the discotic liquid
crystal molecules or a combination of the discotic liquid
crystal molecules, a polymerization initiator described later
and other additives, followed by fixing the substances in the
coating fluid to the film, or by coating a film for perpendicular
orientation with the coating fluid, followed by fixing the
substances in the coating fluid to the film, then by removing
the film for perpendicular orientation and laminating the
remaining layer comprising the discotic liquid crystal mol-
ecules to a substrate.

[0068] Examples of the solvent used for preparation of the
coating fluid include water and organic solvents. Examples of
the organic solvent include amides such as N.N-dimethylfor-
mamide; sulfoxides such as dimethyl sulfoxide; heterocyclic
compounds such as pyridine; hydrocarbons such as benzene
and hexane; alkyl halides such as chloroform and dichlo-
romethane; esters such as methyl acetate and butyl acetate;
ketones such as acetone and methyl ethyl ketone; and ethers
such as tetrahydrofuran and 1,2-dimethoxyethane. Two or
more organic solvents may be used in combination.

[0069] The coating with the coating fluid can be conducted
in accordance with a conventional process such as the extru-
sion coating process, the direct gravure coating process, the
reverse gravure coating process and the die coating process.

[0070] The film for perpendicular orientation means a film
having a small surface energy such that liquid crystal mol-
ecules can be oriented perpendicularly. The film for perpen-
dicular orientation is, in general, formed with a polymer. In
particular, from the standpoint of decreasing the surface
energy of the film for perpendicular orientation, a polymer in
which fluorine atom or a hydrocarbon group having 10 or
more carbon atoms is introduced as a side chain of the poly-
mer is preferable. The hydrocarbon group is an aliphatic
group, an aromatic group or a combination of these groups. It
is preferable that the main chain of the polymer has the
structure of a polyimide or polyvinyl alcohol.

[0071] The degree of polymerization of the polymer used
for the film for perpendicular orientation is preferably 200 to
5,000 and more preferably 300 to 3,000. The molecular
weight of the polymer is preferably 9,000 to 200,000 and
more preferably 13,000 to 130,000. Two or more polymers
may be used in combination.

[0072] The film for perpendicular orientation can be
formed by coating a substrate with the above polymer used
for the film for perpendicular orientation. It is preferable that
the film for perpendicular orientation is subjected to the rub-
bing treatment. The rubbing treatment can be conducted by
rubbing the surface of the film having the polymer with paper
or a cloth several times in a specific direction.

[0073] The perpendicularly oriented discotic liquid crystal
molecules are fixed while the oriented condition is main-
tained. It is preferable that the fixing is conducted by poly-
merization. The liquid crystal molecules fixed in the perpen-
dicularly oriented condition can maintain the oriented
condition without the film for perpendicular orientation.
[0074] Examples of the process for the polymerization
include the thermal polymerization using a thermal polymer-
ization initiator and the photo-polymerization using a photo-
polymerization initiator. The photo-polymerization is prefer-
able among the polymerization processes.
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[0075] Examples of the photopolymerization initiator
include a-carbonyl compounds (described in the specifica-
tions of the U.S. Pat. Nos. 2,367,661 and 2,367,670), acyloin
ethers (described in the specification of the U.S. Pat. No.
2,448.828), aromatic acyloin compounds substituted with
a-hydrocarbon (described in the specification of the U.S. Pat.
No. 2,722,512), polynuclear quinone compounds (described
in the specifications of the U.S. Pat. Nos. 3,046,127 and
2,951.758), combinations of triarylimidazole dimers and
p-aminophenyl ketones (described in the specification of the
U.S. Pat. No. 3,549,367), acridine and phenazine compounds
(described in the specifications of Japanese Patent Applica-
tion Laid-Open No. Showa 60(1985)-105667 and the U.S.
Pat. No. 4,239,850) and oxadiazole compounds (described in
the specification of the U.S. Pat. No. 4,212,970).

[0076] As described above, due to the formation of the
layer in which the discotic liquid crystal molecules are pet-
pendicularly oriented, the refractive index of this layer in the
direction substantially parallel to the face of the disk of the
perpendicularly oriented discotic liquid crystal molecules is
increased, and the refractive index in the direction of the
normal of the face of the disk is decreased. Therefore, opti-
cally anisotropic member (A) having a uniform phase differ-
ence can be formed efficiently and advantageously.

(i-2) Layer Comprising Lyotropic Liquid Crystal Molecules
[0077] The lyotropic liquid crystal molecule means a mol-
ecule exhibiting the liquid crystal property when the mol-
ecule is dissolved into a specific solvent in a concentration in
a specific range (refer to Ekisho Binran (Handbook of Liquid
Crystals), published by Maruzen Co., Ltd., page 3 or else).
Specific examples include macromolecular lyotropic liquid
crystal molecules obtained by dissolving a macromolecule
having the main chain having a rod-like skeleton structure
such as cellulose derivatives, polypeptides and nucleic acids;
amphiphilic lyotropic liquid crystal molecules comprising a
concentrated aqueous solution of an amphiphilic low molecu-
lar weight compound; and chromonic liquid crystal mol-
ecules comprising a solution of a low molecular weight com-
pound having an aromatic ring provided with solubility in
water, which are described in Japanese Patent Application
Laid-Open No. Heisei 10(1998)-333145 and Mol. Cryst.,
Lig. Cryst., 1993, Vol. 225, 293-310.

[0078] Itis preferable that the lyotropic liquid crystal mol-
ecules used in the present invention are characterized by that
the molecules are oriented in a specific direction under shear-
ing force. It is also preferable that the lyotropic liquid crystal
molecules used in the present invention substantially do not
have absorption in the region of visible light. Specific
examples of the lyotropic liquid crystal molecule include
compounds expressed by the following formulae (3) and (4):
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[0079] Itis preferable that the layer comprising the lyotro-

pic liquid crystal comprises a layer in which lyotropic liquid
crystal molecules are oriented in the direction substantially
perpendicular to the face of the substrate from the standpoint
of efficiently and easily forming optically anisotropic mem-
ber (A) and maintaining the stable and uniform phase differ-
ence for a long time. The substantially perpendicular orien-
tation of the lyotropic liquid crystal molecules means a
condition such that the lyotropic liquid crystal molecules are
arranged in an orientation at an average oblique angle of 50 to
90° with respect to the face of the substrate. Examples of the
substrate include films and plates made of glass and resins.

[0080] The process for producing optically anisotropic
member (A) from a layer comprising the lyotropic liquid
crystal molecules is not particularly limited. A process of
laminating the lyotropic liquid crystal molecules to a sub-
strate is preferable. From the standpoint of efficient control of
the refractive index in the direction of the thickness of opti-
cally anisotropic member (A), the process of laminating the
lyotropic liquid crystal molecules in a manner such that the
lyotropic liquid crystal molecules are oriented substantially
perpendicular to the face of the substrate under shearing force
is preferable. Optically anisotropic substance (A) can be
formed efficiently in accordance with the above process.

[0081] Examples of the process for perpendicularly orient-
ing the lyotropic liquid crystal molecules under shearing
force include a process of coating a substrate with a coating
fluid comprising the lyotropic liquid crystal molecules or a
combination of the discotic liquid crystal molecules, a poly-
merization initiator described later and other additives, fol-
lowed by fixing the substances in the coating fluid to the film.
It is preferable in the treatment for the orientation that a film
for perpendicular orientation is not used so that the efficiency
of production is made excellent, the decreases in the weight
and the thickness can be achieved, damages to the substrate
can be prevented, and the coating can be achieved with a
uniform thickness.

[0082] Examples of the solvent used for preparation of the
coating fluid include water and organic solvents. Examples of
the organic solvent include amides such as N,N-dimethylfor-
mamide; sulfoxides such as dimethyl sulfoxide; heterocyclic
compounds such as pyridine; hydrocarbons such as benzene
and hexane; alkyl halides such as chloroform and dichlo-
romethane; esters such as methyl acetate and butyl acetate;
ketones such as acetone and methyl ethyl ketone; and ethers
such as tetrahydrofuran and 1,2-dimethoxyethane. Two or
more organic solvents may be used in combination.

[0083] The concentration of the solution comprising the
lyotropic liquid crystal molecules is not particularly limited
as long as the molecules used for the layer of optically aniso-
tropic member (A) exhibit the liquid crystal property. The
liquid crystal molecules are dissolved in the solvent in an
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amount preferably in the range of 0.0001 to 100 parts by
weight and more preferably in the range 0£0.0001 to 1 part by
weight.

[0084] Where necessary, the solution comprising the lyo-
tropic liquid crystal molecules may comprise conventional
additives such as polymerization initiators, antioxidants, heat
stabilizers, light stabilizers, ultraviolet light absorbents, anti-
static agents, dispersants, chlorine scavengers, flame retar-
dants, nucleating agents for crystallization, antiblocking
agents, anticlouding agents, mold releases, pigments, organic
and inorganic fillers, neutralizing agents, lubricants, decom-
posing agents, metal inactivators, antifouling agents, plasti-
cizers, adhesives, anti-bacterial agents, other resins and ther-
moplastic elastomers as long as the effects of the present
invention are not adversely affected. The additive is added to
the solution comprising the lyotropic liquid crystal molecules
in an amount, in general, in the range of 0 to 5 parts by weight
and preferably in the range of 0 to 3 parts by weight.

[0085] The coating with the solution comprising the lyo-
tropic liquid crystal molecules can be conducted in accor-
dance with a conventional process such as the extrusion coat-
ing process, the direct gravure coating process, the reverse
gravure coating process and the die coating process.

[0086] The lyotropic liquid crystal molecules perpendicu-
larly oriented under shearing force are fixed while the ori-
ented condition is maintained. Examples of the process for
the fixing include removal of the solvent by drying, polymer-
ization and a combination ofthese processes. Examples of the
polymerization include the thermal polymerization using a
thermal polymerization initiator and the photopolymeriza-
tion using a photo-polymerization initiator.

[0087] As described above, due to the formation of a layer
in which the lyotropic liquid crystal molecules are perpen-
dicularly oriented, the refractive index in the direction sub-
stantially perpendicular to the direction of shearing of the
lyotropic liquid crystal molecules perpendicularly oriented
under shearing force is increased, and the refractive index in
the direction ofthe shearing is decreased. Therefore, optically
anisotropic member (A) having a uniform phase difference
can be formed efficiently and advantageously.

(i11) A Layer Comprising a Photo-Isomerizable Substance
[0088] The photo-isomerizable substance means a com-
pound which is sterically isomerized or structurally isomer-
ized by light and, preferably, is further isomerized in the
reverse direction by light having a different wavelength or by
heat. Among the above compound, in general, many of com-
pounds which change the structure accompanied with a
change in the color tone in the visible region are known as the
photochromic compounds. Examples of the photochromic
compounds include azobenzene-based compounds, benzal-
doxime-based compounds, azomethine-based compounds,
stilbene-based compounds, spiropyrane-based compounds,
spirooxazine-based compounds, fulgide-based compounds,
diarylethene-based compounds, cinnamic acid-based com-
pounds, retinal-based compounds and hemithioindigo-based
compounds.

[0089] Theabove photo-isomerizable substance, whichisa
compound having a photo-isomerizable functional group
(such as azo group and inner olefins), may be a low molecular
weight compound or a polymer. When the photo-isomeriz-
able substance is a polymer, the same function can be exhib-
ited when the photo-isomerizable group is either in the main
chain or in a side chain. The polymer may be a homopolymer
or a copolymer. As for the relative amounts of monomer
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components in the copolymer, a suitable value can be used so
that the properties of the copolymer such as the ability of
photo-isomerization and Tg are suitably adjusted. The com-
pound having the photo-isomerizable group may be a liquid
crystal compound, at the same time. In other words, the liquid
crystal compound may have a photo-isomerizable functional
group in the molecule. The photo-isomerizable substance is
specifically described in Kobunshi, 41 (12). (1992), page 884;
“Chromic Materials and Application” (ed. by CMC), page
221; “Mechanochemistry” (ed. by Maruzen), page 21; and
“Kobunshi Ronbunshu”, vol. 147, No. 10 (1991), page 771.
As a specific example of the photo-isomerizable substance, a
compound expressed by formula (5) is shown in the follow-
ing.
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[0090] Itis preferable that the layer comprising the photo-

isomerizable substance is a layer comprising the photo-
isomerizable substance which has been isomerized into a
specific isomer from the standpoint of efficiently and easily
forming optically anisotropic member (A) and maintaining
the stable and uniform phase difference.

[0091] The process for producing optically anisotropic
member (A) from a layer comprising the photo-isomerizable
substance is not particularly limited. A process of coating a
substrate with a solution comprising the photo-isomerizable
substance to form a film, followed by irradiation with linearly
polarized light via a drying step is preferable. The process
comprising irradiation of the face of the film with linearly
polarized light in the direction perpendicular to the face is
more preferable. Optically anisotropic substance (A) can be
formed efficiently in accordance with the above process.
Examples of the substrate include films and plates made of
glass and resins.

[0092] The solvent used for preparation of the solution
comprising the photo-isomerizable substance is not particu-
larly limited. Examples of the solvent include organic sol-
vents such as methylene chloride, acetone, methanol and
methyl ethyl ketone. The concentration of the coating fluid is
not particularly limited and is selected so that viscosity suit-
able for the coating can be obtained. The concentration is
preferably 1 to 50%. As the process for the coating, a conven-
tional coating process such as the bar coating process and the
roll coating process can be utilized.

[0093] For irradiation with the linearly polarized light, the
irradiation can be conducted when the coating layer has been
approximately dried. The approximately dried condition may
be considered to be the condition in which the residual
amount ofthe solvent in the coating layer is 10% by weight or
less. 1t is preferable that the temperature of the irradiation
with the linearly polarized light is in the range of Tg-50° C.
to Tg+30° C. although the optimum temperature is different
depending on the residual amount of the solvent. The source
of the polarized light is not particularly limited. A mercury
lamp or a halogen lamp can be advantageously used.

Jan. 14,2010

[0094] As described above, due to the irradiation of the
layer comprising the photo-isomerizable substance with the
linearly polarized light, the refractive index in the direction
substantially perpendicular to the direction of the polarization
axis of the light used for the irradiation is increased, and the
refractive index in the direction of the polarization axis of the
light used for the irradiation is decreased. Therefore, optically
anisotropic member (A) having a uniform phase difference
can be formed efficiently and advantageously.

[0095] In the liquid crystal display device of the present
invention, it is preferable that n z>n_ when, with respect to
optically anisotropic member (B), the refractive index in the
direction of an in-plane slow axis is represented by n_z, the
refractive index in the direction in-plane and perpendicular to
the direction of the 1n-p1ane slow axis is represented by n 5
and the refractive index in the direction of the thickness is
represented by n_z, each measured using light having a wave-
length of 550 nm. It is more preferable that n_,— 5 1s 0.00001
or greater. It is still more preferable that n_z-n_1s 0.00003 or
greater. When n_z=n_j, there is the possibility that the con-
trast of the liquid crystal display device is decreased from that
obtained when the optically anisotropic member is not dis-
posed.

[0096] In the present invention, the absolute value of the
difference between n, 5 and n,; is 0.003 or smaller, preferably
0.002 or smaller, more preferably 0.001 or smaller, still more
preferably 0.0008 or smaller, still more preferably 0.0005 or
smaller, still more preferably 0.0003 or smaller and most
preferably 0.0001 or smaller. When the refractive indices do
not satisfy the above relations, there is the possibility that the
contrast of the liquid crystal display device is decreased from
that obtained when the optically anisotropic member is not
disposed.

[0097] Optical anisotropic member (B) used in the present
invention is not particularly limited as long as the optically
anisotropic member satisfies the relation of n z>n_g. It is
preferable that optically anisotropic member (B) comprises a
layer comprising a material having a positive value of intrin-
sic birefringence. The material having a positive value of
intrinsic birefringence means a material exhibiting a property
such that, when light is incident on a layer having molecules
oriented in a uniaxial order, a refractive index with respect to
light in the direction of the orientation is greater than the
refractive index with respect to light in the direction perpen-
dicular to the direction of the orientation.

[0098] Examples of the material having a positive value of
intrinsic birefringence include polymers having an alicyclic
structure, polyolefin polymers, polycarbonate polymers,
polyester polymers such as polyethylene terephthalate, poly-
vinyl chloride polymers, polysulfone polymers, polyether
sulfone polymers, polyarylate polymers, acetate polymers
such as triacetylcellulose and liquid crystalline resins.
Among these materials, polymers having an alicyclic struc-
ture are preferable.

[0099] Examples of the polymer having an alicyclic struc-
ture include norbornene-based polymers, polymers based on
cyclic olefins having a single ring, cyclic conjugate diene-
based polymers, polymers of vinyl alicyclic hydrocarbons
and hydrogenation products of these polymers. Among these
polymers, norbornene-based polymers are preferable from
the standpoint of transparency and the molding property.
[0100] Examples of the norbornene-based polymer include
ring-opening polymers of monomers having a norbornene
structure, ring-opening copolymers of monomers having a
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norbornene structure with other monomers copolymerizable
with the monomers having the norbornene structure in accot-
dance with the ring-opening copolymerization, hydrogena-
tion products of these polymers, addition polymers of mono-
mers having a norbornene structure, addition-type
copolymers of monomers having a norbornene structure with
other monomers copolymerizable with the monomers having
a norbornene structure and hydrogenation products of these
polymers. Among these polymers, hydrogenation products of
ring-opening (co)polymers of monomers having a nor-
bornene structure are preferable from the standpoint of trans-
parency, the molding property, heat resistance, small mois-
ture absorption, dimensional stability and light weight.
[0101] Inthe present invention, where necessary, the addi-
tives described for the material having a negative intrinsic
birefringence may be added to the layer comprising the mate-
rial having a positive value of intrinsic birefringence as long
as the effects of the present invention are not adversely
affected.

[0102] The layer comprising the material having a positive
value of the intrinsic birefringence may further comprise
other materials. However, a layer comprising the material
having a positive value of the intrinsic birefringence alone is
preferable.

[0103] The process for producing the layer comprising the
material having a positive value of the intrinsic birefringence
is not particularly limited. Examples of the process include
conventional processes such as the flow coating process using
a solution, the injection molding process and the melt extru-
sion process.

[0104] Itispreferable that the layer comprising the material
having a positive value of intrinsic birefringence is an ori-
ented layer comprising the material having a positive value of
intrinsic birefringence from the standpoint of easily and effi-
ciently producing optically anisotropic member (B) and
maintaining the stable and uniform phase difference for a
long time.

[0105] The process for producing the oriented layer of the
layer comprising the material having a positive value of
intrinsic birefringence is not particularly limited. From the
standpoint of uniformly and efficiently controlling the in-
plane refractive index of the optically anisotropic member,
the process of stretching the layer comprising the material
having a positive value of intrinsic birefringence is preferable
[0106] The process for stretching the layer comprising the
material having a positive value of intrinsic birefringence is
not particularly limited, and a conventional process can be
applied. Specifically, the processes described for the material
having a negative value of intrinsic birefringence can be
applied.

[0107] As described above, by stretching the layer compris-
ing the material having a positive value of intrinsic birefrin-
gence, the refractive index in the direction perpendicular to
the direction of stretching of the layer is made greater and the
refractive index in the direction of stretching of the layer is
made smaller. Thus, optically anisotropic substance (B) hav-
ing a uniform phase difference can be efficiently and advan-
tageously prepared.

[0108] In the liquid crystal display device of the present
invention, the content of the residual volatile components in
optically anisotropic member (A) and optically anisotropic
member (B) is preferably 0.1% by weight or smaller and more
preferably 0.01% by weight or smaller. When the contents of
residual volatile components in both of optically anisotropic
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member (A) and optically anisotropic member (B) exceed
0.1% by weight, there is the possibility that the phase differ-
ence is not uniform since the volatile components are dis-
charged to the outside during the use, and internal stress is
generated due to a dimensional change formed in optically
anisotropic member (A) or optically anisotropic member (B).
When the contents of residual volatile components in both of
optically anisotropic member (A) and optically anisotropic
member (B) in the liquid crystal display device of the present
invention are within the above range, the optical property
exhibits excellent stability in that the liquid display device
shows no decrease in the contrast of displayed images or
uneven display under any environment even after the use for
a long time.

[0109] The volatile components are substances contained
in the optically anisotropic members in minute amounts and
having molecular weights of 200 or smaller, such as residual
monomers and solvents. The content of the volatile compo-
nents can be determined as the total of the amounts of the
substances having a molecular weight of 200 or smaller in the
analysis of the optically anisotropic member in accordance
with the gas chromatography.

[0110] The liquid crystal display device of the present
invention is a liquid crystal display device of an in-plane
switching mode which comprises a pair of polarizers which
are a polarizer at an output side and a polarizer at an incident
side and disposed at relative positions such that absorption
axes of the polarizers are approximately perpendicular to
each other and at least optically anisotropic member (A),
optically anisotropic member (B) and a liquid crystal cell
which are disposed between the pair of polarizers, wherein
the in-plane slow axis of optically anisotropic member (A)
and the in-plane slow axis of optically anisotropic member
(B) are disposed at relative positions approximately parallel
or approximately perpendicular to each other; and the in-
plane slow axis of optically anisotropic member (A) and the
absorption axis of a polarizer disposed closer to optically
anisotropic member (A) are disposed at relative positions
approximately parallel or approximately perpendicular to
each other.

[0111] Inthe presentinvention, the angle between two axes
is defined as the angle between a plane having one of the axes
as the normal and another plane having the other of the axes
as the normal, wherein the smaller angle is selected. In the
present invention, that two axes are disposed at relative posi-
tions approximately parallel to each other means that the
angle between the two axes is 0 to 3°, and that two axes are
disposed at relative positions approximately perpendicular to
each other means that the angle between the two axes is 87 to
90°.

[0112] It is preferable that optically anisotropic member
(A) and optically anisotropic member (B) used in the present
invention have uniform optical properties. It is more referable
that the dispersion of the in-plane retardation is 10 nm or
smaller, still more preferably 5 nm or smaller and most pref-
erably 2 nm or smaller. When the dispersion of the in-plane
retardation is within the above range, the quality of display of
the liquid crystal display device of the present invention can
be made excellent. The dispersion of the in-plane retardation
means the difference between the maximum value and the
minimum value of the in-plane retardation when the in-plane
retardation is measured over the entire face of the optically
anisotropic members in the condition such that the incident
angle of light is 0°, i.e., when the incident light and the
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surfaces of optically anisotropic member (A) and optically
anisotropic member (B) used in the present invention are
perpendicular to each other.

[0113] The in-plane switching (IPS) mode, which is one of
the modes of the liquid crystal display device of the present
invention, uses liquid crystal molecules homogenously ori-
ented in the horizontal direction and two polarizers having
transmission axes disposed at relative positions perpendicu-
lar to each other, one transmission axis being in the vertical
direction and the other transmission axis being in the hori-
zontal direction with respect to the front face of the display.
Therefore, the sufficient contrast can be obtained since the
two transmission axes are in such relative positions that the
two transmission axes are seen perpendicularly when the face
of the display is observed at a horizontally or vertically
oblique angle and, moreover, the homogeneously oriented
liquid crystal layer shows little birefringence unlike liquid
crystal layers of the twisted mode. However, when the face of
the display is observed obliquely at the angle 0f45°, the angle
between the transmission axes of the two polarizers shifts
from 90°, and leak of light takes place due to birefringence of
the transmitted light. Therefore, the sufficiently dark color is
not obtained, and the contrast decreases. To overcome this
drawback, optically anisotropic member (A) and optically
anisotropic substance (B) are disposed between two polariz-
ers of the liquid crystal display device of the in-plane switch-
ing mode in a manner such that the in-plane slow axis of
optically anisotropic member (A) and the in-plane slow axis
of optically anisotropic member (B) are disposed at relative
positions approximately parallel to each other, and the in-
plane slow axis of optically anisotropic member (A) and the
transmission axis of the polarizer disposed closer to optically
anisotropic member (A) are disposed at relative positions
approximately parallel or approximately perpendicular to
each other. Due to this arrangement of relative positions, the
phase difference formed by the liquid crystal in the liquid
crystal cellis compensated, and compensation for theangle of
field of the polarizer is also achieved. Due to the above effect,
the phase difference formed by the transmitted light is effec-
tively compensated to prevent the leak of light, and excellent
contrast can be obtained in observation at any of the entire
angle. This effect is considered to be exhibited also in the
cases of liquid crystal display devices of other modes. In
particular, the effect is remarkable in the case of the IPS
mode.

[0114] TInthe liquid display device of the present invention,
a suitable polarizer which is obtained from a film comprising
a suitable conventional vinyl alcohol-based polymer such as
polyvinyl alcohol and polyvinyl alcohol with a partial formal
treatment after suitable treatments such as the dying with
dichroic substances (such as iodine and dichroic dyes), the
stretching treatment and the crosslinking treatment in a suit-
able order in accordance with suitable processes and trans-
mits linearly polarized light on incidence of natural light, can
be used. In particular, a polarizer exhibiting excellent trans-
mission of light and degree of polarization is preferable. In
general, the thickness of the polarizer is 5 to 80 pm. However,
the thickness is not limited to this range.

[0115] Ingeneral, protective films are attached to both faces
of the polarizer, and the obtained laminate is used as a polar-
izer plate.

[0116] As the protective film in the polarizer, a suitable
transparent film can be used. In particular, films comprising a
polymer exhibiting excellent transparency, mechanical
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strength, heat stability and property of shielding moisture are
preferable. Examples of the polymer include polymers hav-
ing an alicyclic structure, polyolefin polymers, polycarbonate
polymers, polyester polymers such as polyethylene tereph-
thalate, polyvinyl chloride polymers, polystyrene polymers,
polyacrylonitrile polymers, polysulfone polymers, polyether
sulfone polymers, polyarylate polymers, acetate polymers
such as triacetylcellulose and copolymers of (meth)acrylic
acid esters and vinyl aromatic compounds. Among these
polymers, triacetylcellulose, polyethylene terephthalate and
polymer resins having an alicyclic structure are preferable
from the standpoint of transparency and light weight, and
polyethylene terephthalate and polymer resins having an ali-
cyclic structure are more preferable from the standpoint of
dimensional stability and control of the thickness of the film.
The optically anisotropic member used in the present inven-
tion can work also as the protective film for the polarizer so
that the thickness of the liquid crystal display device can be
decreased.

[0117] In the present invention, when the optically aniso-
tropic member and the polarizer are in contact with each
other, the optically anisotropic member may replace the pro-
tective film of the polarizer described above and can be
attached to the polarizer using a suitable means such as an
adhesive or a pressure-sensitive adhesive.

[0118] Examples of the adhesive and the pressure-sensitive
adhesive include adhesives and pressure-sensitive adhesives
based on acrylic polymers, silicones, polyesters, polyure-
thanes, polyethers and rubbers. Among these materials,
acrylic adhesives and pressure-sensitive adhesives are pref-
erable from the standpoint of heat resistance and transpar-
ency.

[0119] As the process for lamination, a conventional pro-
cess for lamination can be used. Examples of the process for
lamination include the process of laminating the optically
anisotropic member and the polarizer which are each cut into
adesired size, and the process of laminating long sheets of the
optically anisotropic member and the polarizer in accordance
with the roll-to-roll process.

[0120] Examples of the polymer resin having an alicyclic
structure include norbornene-based polymers, polymers
based on cyclic olefins having a single ring, cyclic conjugate
diene-based polymers, viny! alicyclic hydrocarbon polymers
and hydrogenation products of these polymers. Among these
polymers, norbornene-based polymers are preferable from
the standpoint of transparency and the molding property.
[0121] Examples of the norbornene-based polymer include
ring-opening polymers of norbornene-based monomers,
ring-opening copolymers of norbornene-based monomers
with other monomers copolymerizable with the norbornene-
based monomers in accordance with the ring-opening copo-
lymerization, hydrogenation products of these polymers,
addition polymers of norbornene-based monomers and addi-
tion-type copolymers of norbornene-based monomers with
other monomers copolymerizable with the norbornene-based
monomers. Among these polymers, hydrogenation products
of ring-opening (co)polymers of norbornene-based mono-
mers are preferable from the standpoint of transparency.
[0122] The polymer resin having an alicyclic structure can
be selected from conventional polymers disclosed, for
example, in Japanese Patent Application Laid-Open No.
2002-321302.

[0123] The protective film for the polarizer at the side of
vision in the liquid crystal display device of the present inven-
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tion can be prepared by laminating a hard coat layer and a low
refractive index layer in this order.

[0124] Thehardcoatlayer is alayer having a great hardness
of the surface. Specifically, the hard coat layer is a layer
having a hardness of “HB” or harder measured in accordance
with the test method of pencil hardness (using a glass plate as
the test plate) described in Japanese Industrial Standard K
5600-5-4. It is preferable that the hard coat layer has a great
refractive index. When the hard coat layer has a great refrac-
tive index, formation of images due to outside light can be
prevented, and a polarizer exhibiting excellent scratch resis-
tance and property for preventing fouling can be prepared.
The average thickness of thehard coatlayer is not particularly
limited. The thickness 1s, in general, 0.5 to 30 um and pref-
erably 3 to 15 um. The great refractive index means a refrac-
tive index greater than the refractive index of the low refrac-
tive index layer which will be laminated later and is
preferably 1.55 or greater. The refractive index can be
obtained by using, for example, a conventional spectro-elip-
someter.

[0125] The material for constituting the hard coat layer is
not particularly limited as long as the material exhibits a
hardness of “HB” or harder measured in accordance with the
test method of pencil hardness (using a glass plate as the test
plate) described in Japanese Industrial Standard K 5600-5-4.
[0126] Examples of the above material include organic
hard coat materials such as organic silicone-based materials,
melamine-based materials, epoxy-based materials, acrylic
materials and urethane acrylate-based materials; and inor-
ganic hard coat materials such as silicon dioxide-based mate-
rials. Among these materials, urethane acrylate-based hard
coat materials and polyfunctional acrylate-based hard coat
materials are preferable from the standpoint of excellent
adhesive ability and productivity.

[0127] Inthe presentinvention, itis preferable that the hard
coat layer has a refractive index of 1.5 or greater, more pref-
erably 1.53 or greater and most preferably 1.55 or greater.
When the refractive index of the hard coat layer is in this
range, an excellent property of preventing reflection in a wide
band range is exhibited, the design of the low refractive index
layer to be laminated on the hard coat layer is facilitated, and
a laminate film for optical applications exhibiting excellent
scratch resistance can be obtained.

[0128] Itis preferable that the hard coat layer further com-
prises particles of an inorganic oxide.

[0129] By adding particles of an inorganic oxide, a hard
coat layer exhibiting excellent scratch resistance and having a
refractive index of 1.55 or greater can be easily formed.
[0130] As the particles of an inorganic oxide which can be
used for the hard coat layer, particles having a great refractive
index are preferable. Specifically, particles of an inorganic
oxide having a refractive index of 1.6 or greater are prefer-
able, and particles of an inorganic oxide having a refractive
index of 1.6 to 2.3 are more preferable.

[0131] Examples of the particles of an inorganic oxide hav-
ing a great refractive index include particles of titania (tita-
nium oxide), zirconia (zirconium oxide), zinc oxide, tin
oxide, cerium oxide, antimony pentaoxide, indium oxide
doped with tin (ITO), tin oxide doped with antimony (ATO),
tin oxide doped with phosphorus (PTO), indium oxide doped
with zinc (1Z0), zinc oxide doped with aluminum (AZO) and
tin oxide doped with fluorine (FTO).

[0132] Among these particles, particles of antimony pen-
taoxide are suitable as a component for adjusting the refrac-
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tive index due to the great refractive index and excellent
balance between electric conductivity and transparency.
[0133] The low refractive index layer is a layer having a
refractive index smaller than that of the hard coat layer. The
refractive index of the low refractive index layer is preferably
1.36 or smaller, more preferably 1.35 to 1.25, and most pref-
erably 1.34 to 1.30. When the refractive index is within the
above range, a protective film for a polarizer plate exhibiting
excellent balance between visibility, scratch resistance and
strength can be formed. The thickness of the low refractive
index layer is preferably 10 to 1,000 nm and more preferably
30 to 500 nm.

[0134] The material constituting the low refractive index
layer is not particularly limited as long as the layer having a
refractive index within the above range can be formed. Aero
gel is preferable since the control of the refractive index is
easy and water resistance is excellent.

[0135] The aero gel is a transparent porous substance hav-
ing minute pores dispersed in a matrix. Most of the pores have
a size of 200 nm or smaller. The content of the pore is, in
general, 10% by volume or greater and 60% by volume or
smaller and preferably 20% by volume or greater and 40% by
volume or smaller.

[0136] Examples of the aero gel having dispersed minute
pores include silica aero gel and porous substances contain-
ing hollow particles dispersed in a matrix.

[0137] Theaero gel canbe produced by supercritical drying
of a gel-form compound which is obtained by polymerization
of an alkoxysilane with hydrolysis, has a skeleton structure of
silica and is in the swollen condition, as disclosed in the U.S.
Pat. Nos. 4,402,927, 4,432,956 and 4,610,863. The super-
critical drying can be conducted, for example, by replacing a
portion or the entire amount of a solvent in a gel-form com-
pound with a drying fluid such as carbon dioxide and an
alcohol, followed by bringing the resultant compound into a
supercritical condition and removing the drying fluid (as a
gas) which has changed into the gas phase from the super-
critical condition. The silica aero gel may be produced using
sodium silicate as the raw material in a manner described
above as disclosed in the U.S. Pat. Nos. 5,137,279 and 5,124,
364. The refractive index of the silica aero gel can be changed
as desired by adjusting relative amounts of raw materials.
[0138] Examples of the porous substances containing hol-
low particles dispersed in a matrix include porous substances
in which hollow fine particles having pores at the inside are
dispersed in a binder resin as disclosed in Japanese Patent
Application Laid-Open Nos. 2001-233611 and 2003-
149642.

[0139] The binder resin can be selected from resins satis-
fying requirements such as dispersion of hollow fine par-
ticles, transparency of the porous substance and strength of
the porous substance. Examples of the binder resin include
conventional resins used for coating such as polyester resins,
acrylic resins, urethane resins, vinyl chloride resins, epoxy
resins, melamine resins, fluororesins, silicone resins, butyral
resins, phenol resins, vinyl acetate resins, ultraviolet light
curable resins, electron beam curable resins, emulsion resins,
water-soluble resins, hydrophilic resins, mixtures of these
resins and copolymers and modified substances of these res-
ins; and hydrolyzable organic silicon compounds such as
alkoxysilanes and hydrolysis products thereof.

[0140] Among the above resins, acrylic resins, epoxy res-
ins, urethane resins, silicone resins, hydrolyzable organic
silicon compounds such as alkoxysilanes and hydrolysis
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products thereof are preferable from the standpoint of disper-
sion of the fine particles and strength of the porous substance.
[0141] Thehydrolyzable organic silicon compound such as
alkoxysilanes and hydrolysis products thereof are formed
from one or more compounds selected from the group con-
sisting of compounds (a) and products (b) and (¢) shown in
the following:

[0142] (a) Compounds represented by formula (6):
SiX, (6)
[0143] (b)Products of partial hydrolysis of at least one of

compounds represented by formula (6)
[0144] (c)Products of complete hydrolysis of at least one
of compounds represented by formula (6)

and have a bond represented by —(0—Si),—O— (m repre-
senting a natural number) in the molecule.
[0145] Thehollow fine particles are not particularly limited
as long as the particles are fine particles of an inorganic
compound. Inorganic fine particles having a hollow formed at
the inside of an outer shell are preferable, and silica-based
hollow fine particles are more preferable. As the inorganic
hollow fine particles, particles having (A) a single layer of an
inorganic oxide, (B) a single layer of a complex oxide com-
prising inorganic oxides of different types and (C) a double
layer comprising layers (A) and (B) described above can be
used.
[0146] The outer shell may be a porous shell having fine
open pores or a closed shell having no open pores so that the
hollow at the inside s shielded from the outside of the shell.
As the outer shell, a coating layer comprising a plurality of
coating layers of an inorganic oxide which comprises an inner
first coating layer of an inorganic oxide and an outer second
coating layer of an inorganic oxide is preferable. By dispos-
ing the outer second coating layer of an inorganic oxide at the
outside, the outer shell can be made dense by closing pores of
the outer shell, or inorganic hollow fine particles having a
hollow completely shielded from the outside can be obtained.
It is preferable that an organic silicon compound having fluo-
rine atom is used for forming the outer second coating layer
comprising an inorganic oxide since the refractive index can
be decreased, dispersion into organic solvents can be
improved, and the property of preventing fouling can be pro-
vided. Examples of the organic silicon compound having
fluorine atom include 3,3,3-trifluoropropyltrimethoxysilane,
methyl-3,3,3-trifluoropropyldimethoxysilane, heptadecaf-
luorodecylmethyldimethoxysilane, —heptadecafluorodecyl-
trichlorosilane, heptadecafluorodecyltrimethoxysilane, trif-
luoropropyltrimethoxysilane and
tridecafluorooctyltrimethoxysilane.
[0147] The thickness of the outer shell is preferably in the
range of 1 to 50 nm and more preferably in the range of 5 to
20 nm. When the thickness of the outer shell is smaller than 1
nm, there is the possibility that the inorganic hollow fine
particles cannot maintain the prescribed shape. When the
thickness of the outer shell exceeds 50 nm, the hollow at the
inside of the inorganic hollow particles is small. As the result,
there is the possibility that the relative volume of the hollow
is decreased, and the decrease in the refractive index is insuf-
ficient.
[0148] The average diameter of the inorganic fine particles
is not particularly limited. The average diameter is preferably
5 to 2,000 nm and more preferably 20 to 100 nm. When the
average diameter is smaller than 5 nm, the effect of the hol-
lows to decrease the refractive index is small. When the
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average diameter exceeds 2,000 nm, transparency extremely
deteriorates, and the contribution of diffusion and reflection
increases. The average diameter of the fine particles is the
number-average diameter obtained by the observation using a
transmission electron microscope.

[0149] The protective film for the polarizer at the side of
vision has a maximum reflectance of light having wave-
lengths in the range of 430 to 700 nm of preferably 1.4% or
smaller and more preferably 1.3% or smaller at an incident
angle of 5°. The reflectance of light having a wavelength of
550 nm is preferably 0.7% or smaller and more preferably
0.6% or smaller at an incident angle of 5°.

[0150] The maximum reflectance of light having wave-
lengths in the range of 430 to 700 nm is preferably 1.5% or
smaller and more preferably 1.4% or smaller at an incident
angle 0f 20°, and the reflectance of light having a wavelength
of 550 nm is preferably 0.9% or smaller and more preferably
0.8% or smaller at an incident angle of 20°.

[0151] When each reflectance is within the respective range
described above, a polarizer plate showing no images from
outside light or glare and providing excellent vision can be
obtained.

[0152] As for the reflectances described above, the reflec-
tance of light having a wavelength of 550 nm and the maxi-
mum reflectance of light having wavelengths in the range of
430 to 700 nm are obtained at incident angles of 5° and 20°
using a spectrophotometer (an ultraviolet, visible and near
infrared spectrophotometer V-550; manufactured by NIP-
PON BUNKO Co., Ltd.).

[0153] The steel wool test is conducted by reciprocally
moving steel wool #0000 ten times on the surface of a pro-
tective film of a polarizer at the side of vision under applica-
tion of a load of 0.025 MPa, and then the change in the
condition of the surface after the test is measured.

[0154] For evaluation of the change in the reflectance
before and after the steel wool test, the measurement is ¢con-
ducted at arbitrarily selected 5 different positions on the sur-
face before and after the test, and the arithmetic average ofthe
obtained values is calculated.

[0155] Inthe above steel wool test, the change in the reflec-
tance on the protective film of a polarizer at the side of vision
before and after the test is preferably 10% or smaller and more
preferably 8% or smaller. When the change in the reflectance
exceeds 10%, blurred images may be formed or glare may
arise.

[0156] The change in the reflectance before and after the
steel wool test is obtained in accordance with the following
equation (1.1). R? represents the reflectance before the steel
wool test, and R? represents the reflectance after the steel
wool test.

AR=(RP-R“)/R%100(%) {11

[0157] The embodiments of the liquid crystal display
device of the present invention comprising optically aniso-
tropic member (A) and optically anisotropic member (B)
comprise 12 embodiments of the preferable arrangement. In
the following, 6 embodiments of the preferable arrangement
in which “the polarizer of the output side” is placed at the side
of vision, and “the polarizer of the incident side” is placed at
the side of the back light will be described. The remaining 6
embodiments of the preferable arrangement are embodiments
of the preferable arrangement obtained by exchanging the
polarizer at the side of vision and the polarizer at the side of
the back light with each other (i.e., the arrangement in which
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“the polarizer of the incident side™ is placed at the side of
vision, and “the polarizer of the output side” is placed at the
side of the back light). These embodiments of the preferable
arrangement show the same characteristics of the angle of
field with those before the exchange of the polarizer at the
side of vision and the polarizer at the side of the back light
with each other. For example, the embodiments of the pref-
erablearrangement shown in FIG. 1 and FIG. 2 show the same
characteristics of the angle of field with respect to luminance,
contrast and color tone. The arrow in the figures shows the
absorption axis for the polarizers (1: the polarizer at the
incident side; 5: the polarizer at the output side), the in-plane
slow axis under application of no voltage for the liquid crystal
cell 2, and the in-plane slow axis for the optically anisotropic
members (3: optically anisotropic member (A); 4: optically
anisotropic member (B).

[0158] In the first and second embodiments of the prefer-
able arrangement, optically anisotropic member (A) and opti-
cally anisotropic member (B) are disposed between the polar-
izer at the incident side (the polarizer at the side of the back
light) and the liquid crystal cell of the liquid crystal display
device.

(I-1) The First Embodiment of the Preferable
Arrangement

[0159] FIG. 3 shows a diagram exhibiting the first embodi-
ment of the preferable arrangement (referred to as arrange-
ment I-1, hereinafter) of the liquid crystal display device of
the present invention. In arrangement I-1, the absorption axis
of the polarizer at the output side and the in-plane slow axis of
the liquid crystal of the liquid crystal cell under application of
no voltage are disposed at relative positions parallel to each
other. The in-plane slow axes of optically anisotropic member
(A) and optically anisotropic member (B) are disposed at
relative positions approximately parallel to each other. It is
preferable that the in-plane slow axis of optically anisotropic
member (B) and the in-plane slow axis of the liquid crystal of
the liquid crystal cell under application of no voltage are
disposed at relative positions approximately parallel to each
other, and optically anisotropic member (A) is disposed at a
position closer to the liquid cell than optically anisotropic
member (B). Due to the above relative positions of optically
anisotropic member (A), optically anisotropic member (B),
the liquid crystal cell and the two polarizers, the minimum
value of the contrast can be made 30 or greater at polar angles
of 0 to 80°.

[0160] In arrangement I-1, the preferable combination of
the in-plane retardation R_(A) (the unit: nm) and the retarda-
tion in the direction of the thickness R,,(A) (the unit: nm) of
optically anisotropic member (A) and the in-plane retardation
R,(B) (the unit: nm) and the retardation in the direction of the
thickness R, (B) (the unit: nm) of optically anisotropic mem-
ber (B) is: 10==R_(A)=1,000, -500=R,,(A)=-5. 10=R,
(B)=500 and 5=R,(B)=250. The more preferable combi-
nations are: (1) 10=R_(A)=360, -180=R,,(A)=-5, 10=R,
(B)=360 and 5=R,(B)=360; (2) 350=R,(A)=-470,
-235ZR,,(A)=-175, 450=R_(B)=500 and 225=R,(B)
=250, and (3) 640=R_(A)=700, -350=R,(A)=-320,
20=R_(B)=100 and 10=R,(B)=50. The still more prefer-
able combination is: 30=R_(A)=320, -160=R ,(A)=-15,
30=R,(B)=320 and 20=R,;,(B)=320. The most preferable
combination is: 70=R (A)=120, -65=R,,(A)=-25, 50=R,
(B)=110 and 25=R,(B)=70.
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[0161] In the present invention, the in-plane retardation R,
and the retardation in the direction of thickness R, can be
obtained in accordance with the following equations (1.2) and
(1.3). Inthe equations, n,, n, and n, each represent the refrac-
tive index (=), and d represents the thickness (nm).

R=(n,~n,)xd 1.2)

Ry=[(n,4n,)2-n,/xd (1.3)

(I-2) The Second Embodiment of the Preferable
Arrangement

[0162] FIG. 4 shows a diagram exhibiting the second
embodiment of the preferable arrangement (referred to as
arrangement -2, hereinafter) of the liquid crystal display
device of the present invention. In arrangement 1-2, the
absorption axis of the polarizer at the output side and the
in-plane slow axis ofthe liquid crystal ofthe liquid crystal cell
under application of no voltage are disposed at relative posi-
tions parallel to each other. The in-plane slow axes of opti-
cally anisotropic member (A) and optically anisotropic mem-
ber (B) are disposed at relative positions approximately
parallel to each other. It is preferable that the in-plane slow
axis of optically anisotropic member (B) and the in-plane
slow axis of the liquid crystal of the liquid crystal cell under
application of no voltage are disposed at relative positions
approximately perpendicular to each other, and optically
anisotropic member (B) is disposed at a position closer to the
liquid cell than optically anisotropic member (A). Due to the
above relative positions of optically anisotropic member (A),
optically anisotropic member (B), the liquid crystal cell and
the two polarizers, the minimum value of the contrast can be
made 30 or greater at polar angles of 0 to 80°.

[0163] In arrangement I-2, the preferable combination of
the in-plane retardation R_(A) (the unit: nm) and the retarda-
tion in the direction of the thickness R,,(A) (the unit: nm) of
optically anisotropic member (A) and the in-plane retardation
R,(B) (the unit: nm) and the retardation in the direction of the
thickness R ,(B) (the unit: nm) of optically anisotropic mem-
ber (B) is: 10=R (A)=1,000, -500=R,,(A)=-5, 10=R (B)
=1,000 and 5=R,,(B)=500. The more preferable combina-
tions are: (1) 10=R (A)=310, -240=R,(A)=-5, 10=R,
(B)=300 and 5=R,(B)=100; (2) 350=R_(A)=470,
-235=R,(A)=175, 450=R_(B)=500 and 225=R,(B)
=250, (3) 640=R_(A)=700, -350=R,,(A)=-320, 20=R,
(B)=100 and 10=R,,(B)=50; and (4) 730=R_(A)=760,
-570ZR,;,(A)=-540, 240=R_([B)=280 and 120=R,(B)
=140. The still more preferable combination is: 30=R (A)
=150, -90=R,(A)=15, 40<R_(B)=150 and 20=R,(B)
=75. The most preferable combination is: 60=R_(A)=110,
-70<R,(A)=-25, 70=R (B)=120 and 25=R ,(B)Z65.
[0164] In the third and fourth embodiments of the prefer-
able arrangement, optically anisotropic member (A) and opti-
cally anisotropic member (B) are disposed between the polar-
izer at the output side (the polarizer at the side of vision) and
the liquid crystal cell of the liquid crystal display device.

(1I-1) The Third Embodiment of the Preferable
Arrangement

[0165] FIG. 5 shows a diagram exhibiting the third embodi-
ment of the preferable arrangement (referred to as arrange-
ment [I-1, hereinafter) of the liquid crystal display device of
the present invention. In arrangement I1-1, the absorption axis
ofthe polarizer at the output side and the in-plane slow axis of
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the liquid crystal of the liquid crystal cell under application of
no voltage are disposed at relative positions parallel to each
other. The in-plane slow axes of optically anisotropic member
(A) and optically anisotropic member (B) are disposed at
relative positions approximately parallel to each other. It is
preferable that the in-plane slow axis of optically anisotropic
member (B) and the in-plane slow axis of the liquid crystal of
the liquid crystal cell under application of no voltage are
disposed at relative positions approximately perpendicular to
each other, and optically anisotropic member (A) is disposed
at aposition closer to the liquid cell than optically anisotropic
member (B). Due to the above relative positions of optically
anisotropic member (A), optically anisotropic member (B),
the liquid crystal cell and the two polarizers, the minimum
value of'the contrast can be made 30 or greater at polar angles
of 0 to 80°.

[0166] In arrangement II-1, the preferable combination of
the in-plane retardation R (A) (the unit: nm) and the retarda-
tion in the direction of the thickness R,,(A) (the unit: nm) of
optically anisotropic member (A) and the in-plane retardation
R,(B) (the unit: nm) and the retardation in the direction of the
thickness R,,(B) (the unit: nm) of optically anisotropic mem-
ber (B) is: 10=R (A)=1,000, -500=R,,(A)=-5, 10=R (B)
=1,000 and 5=R,,(B)=500. The more preferable combina-
tions are: (1) 150=R_(A)=470, -235=R ,(A)=-75,20=R,
(B)=480 and 10=R,,(B)=240; and (2) 640=R_(A)=760,
-380=R,,(A)=320, 370=R,(B)=470 and 185=R,(B)
=235. The still more preferable combination is: 320=R (A)
=400, -200=R,,(A)=-160, 50=R_(B)=170 and 25=R,,
(B)=385. The most preferable combination is: 340=R (A)
=380, -200=R,,(A)=-160, 90=R_(B)=130 and 35=R,,
(B)=75.

(II-2) The Fourth Embodiment of the Preferable
Arrangement

[0167] FIG. 6 shows a diagram exhibiting the fourth
embodiment of the preferable arrangement (referred to as
arrangement II-2, hereinafter) of the liquid crystal display
device of the present invention. In arrangement II-2, the
absorption axis of the polarizer at the output side and the
in-plane slow axis of the liquid crystal of the liquid crystal cell
under application of no voltage are disposed at relative posi-
tions parallel to each other, and the absorption axis of the
polarizer at the output side and the in-plane slow axis of the
liquid crystal of the liquid crystal cell under application of no
voltage are disposed at relative positions parallel to each
other. The in-plane slow axes of optically anisotropic member
(A) and optically anisotropic member (B) are disposed at
relative positions approximately parallel to each other. It is
preferable that the in-plane slow axis of optically anisotropic
member (B) and the in-plane slow axis of the liquid crystal of
the liquid crystal cell under application of no voltage are
disposed at relative positions approximately parallel to each
other, and optically anisotropic member (B) is disposed at a
position closer to the liquid cell than optically anisotropic
member (A). Due to the above relative positions of optically
anisotropic member (A), optically anisotropic member (B),
the liquid crystal cell and the two polarizers, the minimum
value of the contrast can be made 20 or greater at polar angles
of 0 to 80°.

[0168] In arrangement II-2, the preferable combination of
the in-plane retardation R _(A) (the unit: nm) and the retarda-
tion in the direction of the thickness R,,(A) (the unit: nm) of
optically anisotropic member (A) and the in-plane retardation
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R,(B) (the unit: nm) and the retardation in the direction of the
thickness R,,(B) (the unit: nm) of optically anisotropic mem-
ber (B)is: 10=R_(A)=1000, -500=R,,(A)=-5,100=R (B)
=450 and 50=R,,(B)=225. The most preferable combina-
tion is: 420=R_(A)=460, -240=R,,,(A)=-200, 170=R_(B)
=210and 75=R ,(B)=115.

[0169] Inthe fifth and sixth embodiments of the preferable
arrangement, one of optically anisotropic member (A) and
optically anisotropic member (B) is disposed between the
polarizer at the incident side and the liquid crystal cell and the
other is disposed between the polarizer at the output side and
the liquid crystal cell.

(III-1) The Fifth Embodiment of the Preferable
Arrangement

[0170] FIG. 7 shows a diagram exhibiting the fifth embodi-
ment of the preferable arrangement (referred to as arrange-
ment II-1, hereinafter) of the liquid crystal display device of
the present invention. In arrangement II1-1, the absorption
axis of the polarizer at the output side and the in-plane slow
axis of the liquid crystal of the liquid crystal cell under appli-
cation of no voltage are disposed at relative positions parallel
to each other. The in-plane slow axes of optically anisotropic
member (A) and optically anisotropic member (B) are dis-
posed at relative positions approximately parallel to each
other. It is preferable that the in-plane slow axis of optically
anisotropic member (A) and the in-plane slow axis of the
liquid crystal of the liquid crystal cell under application of no
voltage are disposed at relative positions approximately per-
pendicular to each other, optically anisotropic member (A) is
disposed between the liquid crystal cell and the polarizer at
the incident side, and optically anisotropic member (B) is
disposed between the liquid crystal cell and the polarizer at
the output side. Due to the above relative positions of opti-
cally anisotropic member (A), optically anisotropic member
(B), the liquid crystal cell and the two polarizers, the mini-
mum value of the contrast can be made 30 or greater at polar
angles of 0 to 80°.

[0171] In arrangement I1I-1, the preferable combination of
the in-plane retardation R_(A) (the unit: nm) and the retarda-
tion in the direction of the thickness R,,(A) (the unit: nm) of
optically anisotropic member (A) and the in-plane retardation
R,(B) (the unit: nm) and the retardation in the direction of the
thickness R,,(B) (the unit: nm) of optically anisotropic mem-
ber (B) is: 10=R,(A)£720, -360=R ,(A)=-5, 10=R_(B)
=1,000 and -500=R ;,(B)=-5. The more preferable combi-
nations are: (1) 170=R_(A)=230, -115=R,(A)=-85,
400=R (B)=460 and 200=R,,(B)=230; and (2) 270=R,
(A)=440, -220=R,(A)=-135, 20=R (B)=190 and
10=R,;,(B)=95. The still more preferable combination is:
310=R _(A)=410, -205=R,(A)=155, 50=R_(B)=140 and
25=R,;(B)=70. The most preferable combination is:
340=R (A)=380, -200=R ,(A)=160, 70=R_(B)=110 and
25=R,,(B)=65.

(III-2) The Sixth Embodiment of the Preferable
Arrangement

[0172] FIG. 8 shows a diagram exhibiting the sixth embodi-
ment of the preferable arrangement (referred to as arrange-
ment 1I1-2, hereinafter) of the liquid crystal display device of
the present invention. In arrangement I11-2, the absorption
axis of the polarizer at the output side and the in-plane slow
axis of the liquid crystal of the liquid crystal cell under appli-
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cation of no voltage are disposed at relative positions parallel
to each other. The in-plane slow axes of optically anisotropic
member (A) and optically anisotropic member (B) are dis-
posed at relative positions approximately parallel to each
other. It is preferable that the in-plane slow axis of optically
anisotropic member (A) and the in-plane slow axis of the
liquid crystal of the liquid crystal cell under application of no
voltage are disposed at relative positions approximately pat-
allel to each other, optically anisotropic member (B) is dis-
posed between the liquid crystal cell and the polarizer at the
incident side, and optically anisotropic member (A) is dis-
posed between the liquid crystal cell and the polarizer at the
output side. Due to the above relative positions of optically
anisotropic member (A), optically anisotropic member (B),
the liquid crystal cell and the two polarizers, the minimum
value of the contrast can be made 20 or greater at polar angles
of 0 to 80°.

[0173] In arrangement I1I-1, the preferable combination of
the in-plane retardation R _(A) (the unit: nm) and the retarda-
tion in the direction of the thickness R,,(A) (the unit: nm) of
optically anisotropic member (A) and the in-plane retardation
R,(B) (the unit: nm) and the retardation in the direction of the
thickness R,,(B) (the unit: nm) of optically anisotropic mem-
ber (B) is: 10=R_(A)=1,000, -500=R,(A)=-5, 120=R,
(B)=440 and 60=R,(B)=220. The most preferable combi-
nation is: 40=R_(A)=80, -50=R,,(A)=-10, 340=R(B)
=380 and 160=R,,,(B)=200.

[0174] In the liquid crystal display device of the present
invention, suitable members such as prism array sheets, lens
array sheets, light diffusion plates, back lights and films for
increasing luminance may be disposed at suitable positions as
one or more layers.

[0175] In the liquid crystal display device of the present
invention, a cold cathode tube, a horizontal mercury lamp, a
light emitting diode or an electroluminescence device may be
used as the back light.

Examples

[0176] The present invention will be described more spe-
cifically with reference to examples in the following. How-
ever, the present invention is not limited to the examples.
[0177] InExamples and Comparative Example, a polarizer
plate which was a laminate of a polarizer and a protective film
for the polarizer [manufactured by SANRITZ Co., Ltd.; HLC
2-5618] was used. As the liquid crystal cell, a liquid crystal
cell of the in-plane switching mode having a thickness of 2.74
um, a positive dielectric anisotropy, a birefringence of An=0.
09884 at a wavelength of 550 nm and a pretilt angle of 0° was
used.

[0178] In Examples and Comparative Example, measure-
ments and evaluations were conducted in accordance with the
following methods.

(1) Thickness

[0179] Afteralaminate for optical applications was embed-
ded into an epoxy resin, the laminate was sliced into pieces
having a thickness of 0.05 pm using a microtome [manufac-
tured by YAMATO KOKI KOGYO Co., Ltd.; RUB-2100],
and the thickness of each piece was measured by observing
the section using a transmission electron microscope.

(2) Glass Transition Temperature

[0180] The glass transition temperature was measured in
accordance with the method of differential scanning calorim-
etry (DSC)described in Japanese Industrial Standard K 7121.
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(3) Refractive Indices (n,, n, and n,), Retardations (In-Plane
Retardation R, and Retardation in the Direction of Thickness
R,;,) and Dispersion of the In-Plane Retardations of Optically
Anisotropic Member (A) and Optically Anisotropic Member
®)

[0181] For the measurement of the refractive indices of
optically anisotropic member (A) and optically anisotropic
member (B), the direction of the in-plane slow axis of the
anisotropic member with respect to light having a wavelength
of 550 nm was measured using an automatic birefringence
meter [manufactured by OJI KEISOKUKIKI Co., Ltd.;
KOBRA-21]. Then, the refractive index of the anisotropic
member in the direction of the slow axis was measured as n,
the refractive index in the direction in-plane and perpendicu-
lar to the direction of the slow axis was measured as n,, and
the refractive index in the direction of the thickness of the
anisotropic member was measured as n.. When the optically
anisotropic member was a laminate, n,, n, and n, were calcu-
lated in accordance with the following equations after the
refractive indices (n,;, n,, and n,,) of each layer had been
measured. [n each layer ofthe laminate, therefractive index in
the direction parallel to the slow axis of the optically aniso-
tropic substance is represented by n,,, the refractive index in
the direction in-plane and perpendicular to the slow axis is
represented by n,,, and the refractive index in the direction of
the thickness is represented by n_,.

n =2, xd)V[(Ed); n A2 xd))/ [(Zd); n~2

X% Vi

X))

‘
n,,
\nZZ

wherein 2 means the total sum, each layer in the anisotropic
memberis indicated byi(i=1,2...), and the thickness of each
layer is represented by d,;, d,, . . . .

[0182] The retardations R, and R,, were measured with
respect to light having a wavelength of 550 nm using the
above automatic birefringence meter.

[0183] As for the dispersion of the in-plane retardation, the
in-plane retardation was measured at 30 positions arbitrarily
selected over the entire surface of the anisotropic member,
and the arithmetic average of the obtained values was used as
the value of the in-plane retardation. The difference between
the maximum value and the minimum value among the values
obtained by the measurement was used as the dispersion of
the in-plane retardation.

(4) Content of Residual Volatile Components

[0184] An optically anisotropic member in an amount of
200 g was placed into a tube having an inner diameter of4 mm
used as the container of the sample, which had been treated in
advance to completely remove moisture and organic sub-
stances adsorbed on the surface. Then, the container was
heated at a temperature of 100° C. for 60 minutes, and the gas
discharged from the container was continuously trapped. The
trapped gas was analyzed by a thermal desorption gas chro-
matography mass analyzer (TDS-GC-MS), and the total of
the contents of components having a molecular weight of 200
or smaller among the components of the gas was obtained and
used as the content of residual volatile components.

(5) Refractive Indices of a Hard Coat Layer and a Low
Refractive Index Layer

[0185] The measurement was conducted at a wavelength of
24510 1,000 nm and incident angles of 55°, 60° and 65° using
a high speed spectroscopic elipsometer [manufactured by J.



US 2010/0007822 A1

A. WOOLAM Company; M-2000U], and the refractive indi-
ces were obtained by calculation based on the values obtained
by the measurement.

(6) Reflectance

[0186] Thereflectionspectrum was measured at an incident
angle of 5° using a spectrophotometer [manufactured by NIP-
PON BUNKO Co., Ltd.; “Ultraviolet, visible and near-infra-
red spectrophotometer V-570"], and the reflectance at a wave-
length of 550 nm and the maximum value of the reflectance at
wavelengths in the range of 430 to 700 nm were obtained.

(7) Angle of Field of a Liquid Crystal Display Device

[0187] Optically anisotropic member (A) and optically
anisotropic member (B) were disposed in a liquid crystal
display device of the in-plane switching (IPS) mode, and the
display characteristic was examined by visual observation
directly in front of the display and in oblique directions at
polar angles of 80° and smaller.

(8) Nonuniformity of Luminance

[0188] Optically anisotropic member (A) and optically
anisotropic member (B) were disposed in a liquid crystal
display device of the in-plane switching (IPS) mode. The
background of the display was adjusted to the dark display,
and the presence or the absence of nonuniformity of lumi-
nance (white spots) was examined by visual observation in a
dark room directly in front of the display and in upward,
downward, rightward and leftward oblique directions each at
a polar angle of 40°.

(9) Scratch Resistance

[0189] Steel wool #0000 was pressed to a polarizer plate at
the side having laminated layers of a hard coat layer and a low
refractive index layer. After the steel wool was moved recip-
rocally 10 times under aload of 0.05 MPa, the condition of the
surface of the polarizer plate after the 10 reciprocal move-
ments was visually observed.

Preparation Example 1

Preparation of a Film of Optically Anisotropic Mem-
ber (A1)

[0190] An unstretched laminate which comprised layer [1]
comprising a norbornene-based polvmer [manufacture by
NIPPON ZEON Co., Ltd.; ZEONOR 1020; the glass transi-
tion temperature: 105° C.], layer [2] comprising a styrene-
maleic anhydride copolymer [the glass transition tempera-
ture: 130° C.; the content of oligomer components: 3% by
weight] and layer [3] comprising a modified ethylene-vinyl
acetate copolymer [the Vicat softening point: 80°0 C.] and
had a structure of layer [1] (8 pm)—layer [3] (2 um)—layer
[2] (16 pm)—TIayer [3] (2 wm)—Ilayer [1] (8 um) was obtained
in accordance with the coextrusion molding. The unstretched
laminate was uniaxially stretched in the longitudinal direc-
tion by a nip roll at a temperature of 134° C. at a stretching
speed of 114%/min to a stretching ratio of 1.4, and a long
sheet of a film having the slow axis in the transverse direction
of the film, optically anisotropic member (A1), was obtained.
[0191] Optically anisotropic member (A1) had refractive
indices of n,,: 1.57130, n,,,: 1.57012, n_,: 1.57130, an in-
plane retardation R, of 110 nm, a retardation in the direction
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of the thickness R, of =55 nm, and a content of residual
volatile components of 0.01% or smaller.

Preparation Example 2

Preparation of a Film of Optically Anisotropic Mem-
ber (B1)

[0192] Unstretched single layer film (b1) comprising a nor-
bornene-based polymer [manufacture by NIPPON ZEON
Co., Ltd.; ZEONOR 1420; the glass transition temperature:
136° C.] was obtained in accordance with the extrusion mold-
ing. Unstretched single layer film (b1) was uniaxially
stretched in the transverse direction by a tenter at a tempera-
ture of 140° C. at a stretching speed of 92%/min to a stretch-
ing ratio of 1.3, and a long sheet of a film having the slow axis
in the transverse direction of the film, optically anisotropic
member (B1), was obtained.

[0193] Optically anisotropic member (B1) had refractive
indices of n5: 1.53109, n 5: 1.53011, n_5: 1.52962, an in-
plane retardation R , of 60 nm, a retardation in the direction of
the thickness R, of 60 nm, and a content of residual volatile
components of 0.01% or smaller.

Preparation Example I
Preparation of a Hard Coating Agent

[0194] To 100 parts by weight of a modified alcohol sol of
antimony pentaoxide [the concentration of solid components:
30% by weight; manufactured by SHOKUBAI KASEI Co.,
Ltd.], 10 parts by weight of a urethane acrylate of the ultra-
violet light curing type [the trade name: SHIKO UV7000B;
manufactured by NIPPON GOSEI KAGAKU Co., Ltd.] and
0.4 parts by weight of a photopolymerization initiator [the
trade name: IRGACURE 184; manufactured by CIBA
GEIGY Company] were mixed, and a hard coating agent of
the ultraviolet light curing type was obtained.

Preparation Example 11

Preparation of a Coating Fluid for a Low Refractive
Index Layer

[0195] To 208 parts by weight of tetraethoxysilane, 356
parts by weight of methanol was added. Then, 18 parts by
weight of water and 18 parts by weight of 0.01N hydrochloric
acid were mixed with the resultant solution, and the obtained
mixture was mixed well by a disper. The mixed solution was
stirred for 2 hours in a vessel kept at 25° C., and a tetrafunc-
tional silicone resin having a weight-average molecular
weight of 850 was obtained. To the tetrafunctional silicone
resin, a dispersion sol of hollow silica in isopropanol (IPA)
[the content of solid components: 20% by mass; the average
diameter of primary particles: 35 nm: the thickness of the
outer shell: about 8 nm; manufactured by SHOKUBAI
KASEIKOGYO Co., Ltd.] as the component of fine particles
of hollow silica was added in an amount such that the ratio of
the amounts by mass of solid components in the hollow silica
fine particles to those in the tetrafunctional silicone resin
(calculated as condensed compounds) was 85/25. The result-
ant mixture was diluted with methanol so that the content of
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the entire solid components was 10% by mass, and a coating
fluid for a low refractive index layer was obtained.

Preparation Example I1I
Preparation of a Hard Coat Layer

[0196] One face of a long sheet of a polarizer plate [manu-
factured by SANRITZ Company; HLC2-5618S] was treated
by corona discharge for 3 seconds using a high frequency
oscillator [CORONA GENERATOR HV05-2; manufactured
by TAMTEC Company], and the surface was modified so that
the surface tension was 0.072 N/m. The surface modified
above was continuously coated with the hard coating agent
obtained in Preparation Example I using a die coater in a
manner such that the thickness of the hard coat layer obtained
after being cured was 5 um. After the coating layer was dried
at 80° C. for 5 minutes, the coating layer was irradiated with
ultraviolet light (the accumulated amount of light: 300
ml/cm?) to cure the hard coating agent, and a long sheet of
polarizer plate (C') laminated with the hard coat layer was
obtained. The hard coat layer had a thickness of 5 pm, a
refractive index of 1.62 and a surface roughness of 0.2 pm
after being cured.

Preparation Example [V
Preparation of a Low Refractive Index Layer

[0197] Thelong sheet of polarizer plate (C') laminated with
the hard coat layer was coated with the coating fluid fora low
refractive index layer obtained in Preparation Example II as
the material constituting the low refractive index layer using
awire bar coater. After the heat treatment in the air at 120° C.
for 5 minutes, a long sheet of polarizer plate (C) laminated
with the low refractive index layer and the hard coat layer in
which the low refractive index layer had a thickness of 100
nm was obtained. The refractive index of the obtained low
refractive index layer was 1.34.

Example 1

Preparation of a Liquid Crystal Display Device
LCD-1

[0198] Optical element (b'1) was obtained by laminating
the long sheet of optically anisotropic member (B1) obtained
in Preparation Example 2 and a long sheet of a polarizer plate
(manufactured by SANRITZ Company; HLC2-5618) in
accordance with the roll-to-roll process. The angle between
the slow axis of optically anisotropic member (B1) and the
absorption axis of the polarizer plate was 90°.

[0199] Optical element (a'l) was obtained by laminating
the long sheet of optically anisotropic meniber (A1) obtained
in Preparation Example 1 and optical element (b'1) obtained
above in accordance with the roll-to-roll process. The angle
between the slow axis of optically anisotropic member (A1)
and the absorption axis of optical element (b'1) obtained
above was 90°. A plate obtained by cutting out of optical
element (a'l) obtained above was used as polarizer plate of
the incident side (A'l).

[0200] A polarizer plate atthe incident side ina commercial
liquid crystal display device of the in-plane switching (IPS)
mode was replaced with polarizer plate of the incident side
(A'1). The polarizer plate at the output side in the liquid
crystal display device was replaced with a plate obtained by
cutting out of the long sheet of polarizer plate (C) laminated
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with the low refractive index layer and the hard coat layer
which was obtained Preparation Example IV. The members
of the liquid crystal display device were arranged in a manner
such that the absorption axis of polarizer plate of the output
side and the in-plane slow axis of the liquid crystal cell under
application of no voltage were parallel to each other, and the
absorption axis of polarizer plate of the incident side (A'1)
and the in-plane slow axis of the liquid crystal cell under
application of no voltage were perpendicular to each other,
and a liquid crystal display device having the structure shown
in FIG. 3, LCD-1, was prepared. The obtained device had a
structure in which the members were disposed in the follow-
ing order from the side of vision of the liquid crystal display
device: the low refractive index layer, the hard coat layer, the
polarizer plate, the liquid crystal cell, the film of optically
anisotropic member (A1) obtained in Preparation Example 1,
the film of optically anisotropic member (B1) obtained in
Preparation Example 2, and the polarizer plate.

[0201] When the property of display of the obtained liquid
crystal display device LCD-1 was evaluated by visual obset-
vation, it was found that the images of display were excellent
and uniform in the observations directly in front of the display
and in any oblique directions at angles of 80° and smaller as
the polar angle. Nonuniformity of the luminance was not
found in the observations directly in front of the display or in
any upward, downward, rightward or leftward oblique direc-
tion at any angle of 40° or smaller. No reflection of light from
the outside was found. The reflectance at the wavelength of
550 nm was 0.53%, and the maximum value of the reflectance
at wavelengths in the range of 430 to 700 nm was 1.0%. No
scratches were found in the test of scratch resistance.

Preparation Example 3

Preparation of a Film of Optically Anisotropic Mem-
ber (A2)

[0202] An unstretched laminate which comprised layer [1]
comprising a norbornene-based polymer [manufacture by
NIPPON ZEON Co., Ltd.; ZEONOR 1020; the glass transi-
tion temperature: 105° C.], layer [2] comprising a styrene-
maleic anhydride copolymer [the glass transition tempera-
ture: 130° C.; the content of oligomer components: 3% by
weight] and layer [3] comprising a modified ethylene-vinyl
acetate copolymer [the Vicat softening point: 80° C.] and had
a structure of layer [1] (8 pm)}—layer [3] (2 pm)—layer [2]
(16 um)—layer [3] (2 um)}—layer [1] (8 um) was obtained in
accordance with the coextrusion molding. The unstretched
laminate was uniaxially stretched in the transverse direction
by a tenter at a temperature of 132° C. at a stretching speed of
104%/min to a stretching ratio of 1.35, and a long sheet of a
film having the slow axis in the longitudinal direction of the
film, optically anisotropic member (A2), was obtained.
[0203] Optically anisotropic member (A2) had refractive
indices of n_,: 1.53129, n,,,: 1.53011, n_,: 1.53160, an in-
plane retardation R, of 70 nm, a retardation in the direction of
the thickness R,, of -52.5 nm, and a content of residual
volatile components of 0.01% or smaller.

Preparation Example 4

Preparation of a Film of Optically Anisotropic Mem-
ber (B2)

[0204] Unstretched single layer film (b2) comprising a nor-
bornene-based polymer [manufacture by NIPPON ZEON
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Co., Ltd.; ZEONOR 1420; the glass transition temperature:
136° C.] was obtained in accordance with the extrusion mold-
ing. Unstretched single layer film (b2) was uniaxially
stretched in the longitudinal direction by a nip roll at a tem-
perature of 134° C. at a stretching speed of 104%/min to a
stretching ratio of 1.35, and a long sheet of a film having the
slow axis in the longitudinal direction of the film, optically
anisotropic member (B2), was obtained.

[0205] Optically anisotropic member (B2) had refractive
indices of n,z: 1.53156, n,z: 1.53011, n,5: 1.53011, an in-
plane retardation R, of 100 nm, a retardation in the direction
ofthe thickness R, of 50 nm, and a content of residual volatile
components of 0.01% or smaller.

Example 2

Preparation of a Liquid Crystal Display Device
LCD-2

[0206] Optical element (a'2) was obtained by laminating
the long sheet of optically anisotropic member (A2) obtained
in Preparation Example 3 and a long sheet of a polarizer plate
(manufactured by SANRITZ Company; HLC2-5618) in
accordance with the roll-to-roll process. The angle between
the slow axis of optically anisotropic member (A2) and the
absorption axis of the polarizer plate was 0°.

[0207] Optical element (b'2) was obtained by laminating
the long sheet of optically anisotropic member (B2) obtained
in Preparation Example 4 and optical element (a'2) obtained
above in accordance with the roll-to-roll process. The angle
between the slow axis of optically anisotropic member (B2)
and the absorption axis of optical element (a'2) obtained
above was 0°. A plate obtained by cutting out of optical
element (b2) obtained above was used as polarizer plate of
the incident side (B'1).

[0208] A polarizer plate atthe incident side ina commercial
liquid crystal display device of the in-plane switching (IPS)
mode was replaced with polarizer plate of the incident side
(B1). The polarizer plate at the output side in the liquid
crystal display device was replaced with a plate obtained by
cutting out of the long sheet of polarizer plate (C) laminated
with the low refractive index layer and the hard coat layer
which was obtained Preparation Example IV. The members
of the liquid crystal display device were arranged in a manner
such that the absorption axis of polarizer plate of the output
side and the in-plane slow axis of the liquid crystal cell under
application of no voltage were parallel to each other, and the
absorption axis of polarizer plate of the incident side (A'2)
and the in-plane slow axis of the liquid crystal cell under
application of no voltage were perpendicular to each other,
and a liquid crystal display device having the structure shown
in FIG. 4, LCD-2, was prepared. The obtained device had a
structure in which the members were disposed in the follow-
ing order from the side of vision of the liquid crystal display
device: the low refractive index layer, the hard coat layer, the
polarizer plate, the liquid crystal cell, the film of optically
anisotropic member (B2) obtained in Preparation Example 4,
the film of optically anisotropic member (A2) obtained in
Preparation Example 3, and the polarizer plate.

[0209] When the property of display of the obtained liquid
crystal display device LCD-2 was evaluated by visual obser-
vation, it was found that the images of display were excellent
and uniform in the observations directly in front of the display
and in any oblique directions at angles of 80° and smaller as
the polar angle. Nonuniformity of the luminance was not
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found in the observations directly in front of the display or in
any upward, downward, rightward or leftward oblique direc-
tion at any angle of 40° or smaller. No reflection of light from
the outside was found. The reflectance at the wavelength of
550 nm was 0.53%, and the maximum value of the reflectance
at wavelengths in the range of 430 to 700 nm was 1.0%. No
scratches were found in the test of scratch resistance.

Preparation Example 5

Preparation of a Film of Optically Anisotropic Mem-
ber (A3)

[0210] A long sheet of unstretched film (a3) comprising a
norbornene-based polymer [manufactured by NIPPON
ZEON Co., Ltd.; ZEONOR 1420R; the glass transition tem-
perature: 136° C.] and having a thickness of 100 pm was
obtained in accordance with the extrusion molding.
Unstretched film (a3) obtained above had a content of
residual volatile components of 0.01% or smaller.

[0211] The above unstretched film (a3) was coated with a
solution containing 8% by weight of the lyotropic liquid
crystal expressed by formula (3) shown above and 92% by
weight of water using a die coater under shearing force in the
direction parallel to the transverse direction of the film with-
out using a film for orientation. The coated film was left
standing under an atmosphere heated at 118° C. (after being
purged with argon) to remove water, and a film of optically
anisotropic member (A3) was obtained. The lyotropic liquid
crystal molecules were arranged in the homogeneous orien-
tation in a manner such that the slow axis was oriented in the
longitudinal direction of the transparent polymer film.
[0212] Optically anisotropic member (A3) obtained above
had refractive indices of'n,,: 1.63387, n,: 1.54203 and n_ :
1.63387, an in-plane retardation R, of 90 nm, and a retarda-
tion in the direction of the thickness R, of -45 nm.

Preparation Example 6

Preparation of a Film of Optically Anisotropic Mem-
ber (B3)

[0213] Unstretched single layer film (b3) comprising a nor-
bornene-based polymer [manufacture by NIPPON ZEON
Co., Ltd.; ZEONOR 1420; the glass transition temperature:
136° C.] was obtained in accordance with the extrusion mold-
ing. Unstretched single layer film (b3) was uniaxially
stretched in the longitudinal direction by a nip roll at a tem-
perature of 133° C. at a stretching speed of 92%/min to a
stretching ratio of 1.3, and a long sheet of a film having the
slow axis in the longitudinal direction of the film, optically
anisotropic member (B3), was obtained.

[0214] Optically anisotropic member (B3) had refractive
indices of n_;: 1.53125, 05 1.53011, n_;: 1.53011, an in-
plane retardation R, 0of 90 nm, a retardation in the direction of
the thickness R, of 45 nm, and a content of residual volatile
components of 0.01% or smaller.

Example 3

Preparation of a Liquid Crystal Display Device
LCD-3

[0215] Optical element (a'3) was obtained by laminating
the long sheet of optically anisotropic member (A3) obtained
in Preparation Example 5 and a long sheet of a polarizer plate
(manufactured by SANRITZ Company; HLC2-5618) in
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accordance with the roll-to-roll process in a manner such that
the side of the layer of the lyotropic liquid crystal in optically
anisotropic member (A3) was placed towards the polarizing
plate. The angle between the slow axis of optically anisotro-
pic member (A3) and the absorption axis of the polarizer plate
was 0°.

[0216] Optical element (b'3) was obtained by laminating
the long sheet of optically anisotropic member (B3) obtained
in Preparation Example 6 and optical element (a'3) obtained
above in accordance with the roll-to-roll process. The angle
between the slow axis of optically anisotropic member (B3)
and the absorption axis of optical element (a'3) obtained
above was 0°. A plate obtained by cutting out of optical
element (b'3) obtained above was used as polarizer plate of
the incident side (B'3).

[0217] A polarizerplate at the incident side ina commercial
liquid crystal display device of the in-plane switching (IPS)
mode was replaced with polarizer plate of the incident side
(B'3). The polarizer plate at the output side in the liquid
crystal display device was replaced with a plate obtained by
cutting out of the long sheet of polarizer plate (C) laminated
with the low refractive index layer and the hard coat layer
which was obtained Preparation Example IV. The members
of the liquid crystal display device were arranged in a manner
such that the absorption axis of the polarizer plate of the
output side and the in-plane slow axis of the liquid crystal cell
under application of no voltage were parallel to each other,
and the absorption axis of polarizer plate of the incident side
(B'3) and the in-plane slow axis of the liquid crystal cell under
application of no voltage were perpendicular to each other,
and a liquid crystal display device having the structure shown
in FIG. 4, LCD-3, was prepared. The obtained device had a
structure in which the members were disposed in the follow-
ing order from the side of vision of the liquid crystal display
device: the low refractive index layer, the hard coat layer, the
polarizer plate, the liquid crystal cell, the film of optically
anisotropic member (B3) obtained in Preparation Example 6,
the film of optically anisotropic member (A3) obtained in
Preparation Example 5, and the polarizer plate.

[0218] When the property of display of the obtained liquid
crystal display device LCD-3 was evaluated by visual obser-
vation, it was found that the images of display were excellent
and uniform in the observations directly in front of the display
and in any oblique directions at angles of 80° and smaller as
the polar angle. Nonuniformity of the luminance was not
found in the observations directly in front of the display or in
any upward, downward, rightward or leftward oblique direc-
tion at any angle of 40° or smaller. No reflection of light from
the outside was found. The reflectance at the wavelength of
550nm was 0.53%, and the maximum value of the reflectance
at wavelengths in the range of 430 to 700 nm was 1.0%. No
scratches were found in the test of scratch resistance.

Preparation Example 7

Preparation of a Film of Optically Anisotropic Mem-
ber (A4)

[0219] A long sheet of unstretched film (a4) comprising a
norbornene-based polymer [manufacture by NIPPON ZEON
Co., Ltd.; ZEONOR 1420R; the glass transition temperature:
136° C.] and having a thickness of 100 pm was obtained in
accordance with the extrusion molding. Unstretched film (ad)
obtained above had a content of residual volatile components
0f 0.01% or smaller.
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[0220] Polyvinyl alcohol expressed by the following for-
mula (7) was dissolved into a mixed solvent of methanol and
acetone (the ratio of amounts by volume: 50:50), and a 5%
solution was prepared. The obtained solution was applied to
film (ad) obtained above using a bar coater to form a layer
having a thickness of 1 um, and the resultant layer was dried
under a stream of the warm air at 60° C. for 2 minutes. The
surface of the resultant layer was subjected to the rubbing
treatment, and a film for perpendicular orientation was pre-

pared.
[0221] Modified Polyvinyl Alcohol
™
— (CH—CH)grs—
OH
_(CHz_TH)oz_
O
|
C=0
O(CH2),0COCH=CH,
_(CHZ_TH)lz.o_
0
|
L
CH;
[0222] The film for perpendicular orientation prepared

above was coated with a coating fluid containing 33.5% by
weight of a discotic liquid crystal represented by formula (1)
(1) shown above, 0.7% by weight of cellulose acetate butyrate,
3.1% by weight of a modified trimethylolpropane triacrylate,
0.4% by weight of a sensitizer, 1.1% of a photopolymeriza-
tion initiator and 61.2% by weight of methyl ethyl ketone to
form a layer having a thickness of 3.5 pm, and the discotic
liquid crystal molecules were arranged in the homogeneous
orientation. Then, the coating layer was irradiated with ultra-
violet light from a mercury pump at an illuminance of 500
W/cem? for 1 second to polymerize the discotic liquid crystal
molecules. A film of optically anisotropic member (A4) was
obtained as described above. The discotic liquid crystal mol-
ecules were arranged in the homogeneous orientation in a
manner such that the slow axis was in the longitudinal direc-
tion of film (a4).

[0223] Optically anisotropic member (A4) had refractive
indices of n,;: 1.68296, n ,: 1.58010 and n_,: 1.68296, an
in-plane retardation R, of 360 nm, and a retardation in the
direction of the thickness R, of -180 nm.

Preparation Example 8

Preparation of a Film of Optically Anisotropic Mem-
ber (B4)

[0224] Unstretched single layer film (b4) comprising a nor-
bornene-based polymer [manufacture by NIPPON ZEON
Co., Ltd.; ZEONOR 1600; the glass transition temperature:
163° C.] was obtained in accordance with the extrusion mold-
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ing. Unstretched single layer film (b4) was uniaxially
stretched in the longitudinal direction by a nip roll at a tem-
perature of 136° C. at a stretching speed of 150%/min to a
stretching ratio of 1.6, and a long sheet of a film having the
slow axis in the longitudinal direction of the film, optically
anisotropic member (B4), was obtained.

[0225] Optically anisotropic member (B4) had refractive
indices of n,z: 1.53117, n,z: 1.53010, n.5: 1.53010, an in-
plane retardation R, of 110 nm, a retardation in the direction
ofthe thickness R,, of 55 nm, and a content of residual volatile
components of 0.01% or smaller.

Example 4

Preparation of a Liquid Crystal Display Device
LCD-4

[0226] Optical element (a'd) was obtained by laminating
the long sheet of optically anisotropic member (A4) obtained
in Preparation Example 7 and the long sheet of optically
anisotropic member (B4) obtained in Preparation Example 8
in accordance with the roll-to-roll process in a manner such
that the side of the layer of the discotic liquid crystal in
optically anisotropic member (A4) was placed towards opti-
cally anisotropic member (B4). The angle between the slow
axis of optically anisotropic member (A4) and the slow axis
of optically anisotropic member (B4) was 0°.

[0227] Optical element (a'4') was obtained by laminating a
small film having a length of 40 cm and a width of 30 cm
which was cut out of optically anisotropic member (a'4) (in a
manner such that the transverse direction of optically aniso-
tropic member (Ad) was in the longitudinal direction of the
small film) and the long sheet of polarizer plate (C) laminated
with the low refractive index and the hard coat layer which
was obtained in Preparation Example IV in a manner such
that the longitudinal direction of the small film was parallel to
the longitudinal direction of the long sheet and optically
anisotropic member (B4) and polarizer plate (C) contact each
other. The angle between the slow axis of optically anisotro-
pic member (Ad) and the absorption axis of the polarizer plate
was 90°. A plate obtained by cutting out of optical element
(a'4") obtained above was used as polarizer plate at the output
side (A'4).

[0228] A polarizer plate at the output side in a commercial
liquid crystal display device of the in-plane switching (IPS)
mode was replaced with polarizer plate of the output side
(A'4). The members of the liquid crystal display device were
arranged ina manner such that the absorption axis of polarizer
plate of the output side and the in-plane slow axis of the liquid
crystal cell under application of no voltage were parallel to
each other, and the absorption axis of polarizer plate of the
incident side (A'4) and the in-plane slow axis of the liquid
crystal cell under application of no voltage were perpendicu-
lar to each other, and a liquid crystal display device having the
structure shown in FIG. 5, LCD-4, was prepared. The
obtained device had a structure in which the members were
disposed in the following order from the side of vision of the
liquid crystal display device: the low refractive index layer,
the hard coat layer, the polarizer plate, the film of optically
anisotropic member (B4) obtained in Preparation Example 8,
the film of optically anisotropic member (A4) obtained in
Preparation Example 7, the liquid crystal cell and the polar-
izer plate.

[0229] When the property of display of the obtained liquid
crystal display device LCD-4 was evaluated by visual obser-
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vation, it was found that the images of display were excellent
and uniform in the observations directly in front ofthe display
and in any oblique directions at angles of 80° and smaller as
the polar angle. Nonuniformity of the luminance was not
found in the observations directly in front of the display or in
any upward, downward, rightward or leftward oblique direc-
tion at any angle of 40° or smaller. No reflection of light from
the outside was found. The reflectance at the wavelength of
550 nm was 0.53%, and the maximum value of the reflectance
at wavelengths in the range of 430 to 700 nm was 1.0%. No
scratches were found in the test of scratch resistance.

Preparation Example 9

Preparation of a Film of Optically Anisotropic Mem-
ber (AS)

[0230] A long sheet of unstretched film (a5) comprising a
norbornene-based polymer [manufacture by NIPPON ZEON
Co., Ltd.; ZEONOR 1420R; the glass transition temperature:
136° C.) and having a thickness of 100 um was obtained in
accordance with the extrusion molding. Unstretched film (a5)
obtained above had a content of residual volatile components
0f 0.01% or smaller.

[0231] Polyvinyl alcohol expressed by the following for-
mula (7) was dissolved into a mixed solvent of methanol and
acetone (the ratio of amounts by volume: 50:50), and a 5%
solution was prepared. The obtained solution was applied to
film (a5) obtained above using a bar coater to form a layer
having a thickness of 1 pm, and the resultant layer was dried
under a stream of the warm air at 60° C. for 2 minutes. The
surface of the resultant layer was subjected to the rubbing
treatment, and a film for perpendicular orientation was pre-
pared.

[0232] The film for perpendicular orientation prepared
above was coated with a coating fluid containing 33.5% by
weight of a discotic liquid crystal represented by formula (1)
(ii) shown above, 0.7% by weight of cellulose acetate
butyrate, 3.1% by weight of a modified trimethylolpropane
triacrylate, 0.4% by weight of a sensitizer, 1.1% by weight of
a photopolymerization initiator and 61.2% by weight of
methyl ethyl ketone to form a layer having a thickness of 4.1
um, and the discotic liquid crystal molecules were arranged in
the homogeneous orientation. Then, the coating layer was
irradiated with ultraviolet light from a mercury pump at an
illuminance of 500 W/cm? for 1 second to polymerize the
discotic liquid crystal molecules. A film of optically aniso-
tropic member (A5) was obtained as described above. The
discotic liquid crystal molecules were arranged in the homo-
geneous orientation in a manner such that the slow axis was
oriented in the longitudinal direction of film (a5).

[0233] Optically anisotropic member (A5) had refractive
indices of n: 1.68798, n,,: 1.58066 and n_,: 1.68798, an
in-plane retardation R, of 440 nm, and a retardation in the
direction of the thickness R, of =220 nm.

Preparation Example 10

Preparation of a Film of Optically Anisotropic Mem-
ber (BS)

[0234] Unstretched single layer film (b5) comprising a nor-
bornene-based polymer [manufacture by NIPPON ZEON
Co., Ltd.; ZEONOR 1420R; the glass transition temperature:
136° C.] was obtained in accordance with the extrusion mold-
ing. Unstretched single layer film (b5) was uniaxially
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stretched in the longitudinal direction by a nip roll at a tem-
perature of 138° C. at a stretching speed of 165%/min to a
stretching ratio of 1.7, and a long sheet of a film having the
slow axis in the longitudinal direction of the film, optically
anisotropic member (B5), was obtained.

[0235] Optically anisotropic member (B5) had refractive
indices of nz: 1.53219, n,5: 1.53013, n,5: 1.53013, an in-
plane retardation R, of 190 nm, a retardation in the direction
of the thickness R ;, of 95 nm, and a content of residual volatile
components of 0.01% or smaller.

Example 5

Preparation of a Liquid Crystal Display Device
LCD-5

[0236] Optical element (a'5) was obtained by laminating
the long sheet of optically anisotropic member (A5) obtained
in Preparation Example 9 and the long sheet of polarizer plate
(C) laminated with the low refractive index and the hard coat
layer which was obtained in Preparation Example IV in
accordance with the roll-to-roll process in a manner such that
the side of the layer of the discotic liquid crystal in optically
anisotropic member (A5) was placed towards the polarizing
plate. The angle between the slow axis of optically anisotro-
pic member (A5) and the absorption axis of the polarizer plate
was 0°.

[0237] Optical element (b'5) was obtained by laminating
the long sheet of optically anisotropic member (B5) obtained
in Preparation Example 10 and optical element (a'5) obtained
above in accordance with the roll-to-roll process. The angle
between the slow axis of optically anisotropic member (B5)
and the absorption axis of optical element (a'5) was 0°. A plate
obtained by cutting out of optical element (b'5) obtained
above was used as polarizer plate at the output side (B'S).
[0238] A polarizer plate at the output side in a commercial
liquid crystal display device of the in-plane switching (IPS)
mode was replaced with polarizer plate of the output side
(B'5). The members of the liquid crystal display device were
arranged ina manner such that the absorption axis of polarizer
plate of the output side (B'S) and the in-plane slow axis of the
liquid crystal cell under application of no voltage were par-
allel to each other, and the absorption axis of polarizer plate of
the incident side and the in-plane slow axis of the liquid
crystal cell under application of no voltage were perpendicu-
lar to each other, and a liquid crystal display device having the
structure shown in FIG. 6, LCD-5, was prepared. The
obtained device had a structure in which the members were
disposed in the following order from the side of vision of the
liquid crystal display device: the low refractive index layer,
the hard coat layer, the polarizer plate, the film of optically
anisotropic member (A5) obtained in Preparation Example 9,
the film of optically anisotropic member (BS) obtained in
Preparation Example 10, the liquid crystal cell and the polar-
izer plate.

[0239] When the property of display of the obtained liquid
crystal display device LCD-5 was evaluated by visual obser-
vation, it was found that the images of display were excellent
and uniform in the observations directly in front of the display
and in any oblique directions at angles of 80° and smaller as
the polar angle. Nonuniformity of the luminance was not
found in the observations directly in front of the display or in
any upward, downward, rightward or leftward oblique direc-
tion at any angle of 40° or smaller. No reflection of light from
the outside was found. The reflectance at the wavelength of
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550 nm was 0.53%, and the maximum value of the reflectance
at wavelengths in the range of 430 to 700 nm was 1.0%. No
scratches were found in the test of scratch resistance.

Preparation Example 11

Preparation of a Film of Optically Anisotropic Mem-
ber (A6)

[0240] A long sheet of unstretched film (a6) comprising a
norbornene-based polymer [manufacture by NIPPON ZEON
Co., Ltd.; ZEONOR 1420R; the glass transition temperature:
136° C.] and having a thickness of 100 um was obtained in
accordance with the extrusion molding. Unstretched film (a6)
obtained above had a content of residual volatile components
0f 0.01% or smaller.

[0241] A resin expressed by the formula (5) shown above
was synthesized in accordance with the process disclosed in
Makromol. Chem., Rapid Commun. 10, 477-483 (1989). The
synthesized resin in an amount of 8 g was dissolved into 100
g of a solvent containing methanol and methylene chloride in
relative amounts by weight of 2:8, and a solution of an
azobenzene resin was prepared. Film (a6) obtained above was
coated with the prepared solution using a bar coater to form a
layer having a thickness of 4.0 um. While the substrate was
heated at 40° C., film (a6) was irradiated with linearly polar-
ized light (light polatized in the direction parallel to the trans-
verse direction of the film (a6)) having a illuminance of
11,000 lux obtained from a halogen lamp in the direction
perpendicular to film (a6) using an iodine-based polarizer
plate, and a long sheet of a film having the slow axis in the
longitudinal direction of the film, optically anisotropic mem-
ber (A6), was obtained.

[0242] Optically anisotropic member (A6) obtained above
had refractive indices of n,,: 1.62866,n,,,: 1.52580 and n, ;:
1.62866, an in-plane retardation R of 360 nm, and a retarda-
tion in the direction of the thickness R, of -180 nm.

Preparation Example 12

Preparation of a Film of Optically Anisotropic Mem-
ber (B6)

[0243] Unstretched single layer film (b6) comprising a nor-
bornene-based polymer [manufacture by NIPPON ZEON
Co., Ltd.; ZEONOR 1420; the glass transition temperature:
136° C.] was obtained in accordance with the extrusion mold-
ing. Unstretched single layer film (b6) was uniaxially
stretched in the longitudinal direction by a nip roll at a tem-
perature of 133° C. at a stretching speed of 92%/min to a
stretching ratio of 1.3, and a long sheet of a film having the
slow axis in the longitudinal direction of the film, optically
anisotropic member (B6), was obtained.

[0244] Optically anisotropic member (B6) had refractive
indices of n,5: 1.53091, n,5: 1.53018, n,5: 1.53018, an in-
plane retardation R, of 90 nm, a retardation in the direction of
the thickness R, of 45 nm, and a content of residual volatile
components of 0.01% or smaller.

Example 6

Preparation of a Liquid Crystal Display Device
LCD-6

[0245] Optical element (b'6) was obtained by laminating a
small film having a length of 40 cm and a width of 30 cm
which was cut out of optically anisotropic member (B6)
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obtained in Preparation Example 12 (in a manner such that the
transverse direction of optically anisotropic layer (B6) was in
the longitudinal direction of the small film) and the long sheet
of polarizer plate (C) laminated with the low refractive index
and the hard coat layer which was obtained in Preparation
Example IV in accordance with the roll-to-roll process in a
manner such that the longitudinal direction of the small film
and the longitudinal direction of the long sheet of polarizer
plate (C) were parallel to each other. The angle between the
slow axis of optically anisotropic member (B6) and the
absorption axis of the polarizer plate was 90°. A plate
obtained by cutting out of optical element (b'6) obtained
above was used as polarizer plate at the output side (B'6).
[0246] Optical element (a'6) was obtained by laminating
the long sheet of optically anisotropic member (A6) obtained
in Preparation Example 11 and a long sheet of a polarizer
plate [manufactured by SANRITZ Company; HL.C2-5618] in
accordance with the roll-to roll process in a manner such that
the side of unstretched film (a6) of optically anisotropic mem-
ber (A6) was placed at the side of the polarizer plate. The
angle between the slow axis of optically anisotropic member
(A6) and the absorption axis of the polarizer plate was 0°. A
plate obtained by cutting out of optical element (a'6) obtained
above was used as polarizer plate at the incident side (A'6).
[0247] Polarizer plates at the output side and at the incident
side in a commercial liquid crystal display device of the
in-plane switching (IPS) mode were replaced with polarizer
plate of the output side (B'6) and polarizer plate of incident
side (A'6), respectively. The members of the liquid crystal
display device were arranged in a manner such that the
absorption axis of polarizer plate of the output side (B'6) and
the in-plane slow axis of the liquid crystal cell under appli-
cation of no voltage were parallel to each other, and the
absorption axis of polarizer plate of the incident side (A'6)
and the in-plane slow axis of the liquid crystal cell under
application of no voltage were perpendicular to each other,
and a liquid crystal display device having the structure shown
in FIG. 7, LCD-6, was prepared. The obtained device had a
structure in which the members were disposed in the follow-
ing order from the side of vision of the liquid crystal display
device: the low refractive index layer, the hard coat layer, the
polarizer plate, the film of optically anisotropic member (B6)
obtained in Preparation Example 12, the liquid crystal cell,
the film of optically anisotropic member (A6) obtained in
Preparation Example 11 and the polarizer plate.

[0248] When the property of display of the obtained liquid
crystal display device LCD-6 was evaluated by visual obser-
vation, it was found that the images of display were excellent
and uniform in the observations directly in front of the display
and in any oblique directions at angles of 80° and smaller as
the polar angle. Nonuniformity of the luminance was not
found in the observations directly in front of the display or in
any upward, downward, rightward or leftward oblique direc-
tion at any angle of 40° or smaller. No reflection of light from
the outside was found. The reflectance at the wavelength of
550nm was 0.53%, and the maximum value of the reflectance
at wavelengths in the range of 430 to 700 nm was 1.0%. No
scratches were found in the test of scratch resistance.

Preparation Example 13

Preparation of a Film of Optically Anisotropic Mem-
ber (A7)

[0249] A long sheet of unstretched film (a7) comprising a
norbornene-based polymer [manufacture by NIPPON ZEON
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Co., Ltd.; ZEONOR 1600; the glass transition temperature:
163° C.] and having a thickness of 100 um was obtained in
accordance with the extrusion molding. Unstretched film (a7)
obtained above had a content of residual volatile components
0f 0.01% or smaller.

[0250] A resin expressed by the formula (5) shown above
was synthesized in accordance with the process disclosed in
Makromol. Chem., Rapid Commun. 10, 477-483 (1989). The
synthesized resin in an amount of 8 g was dissolved into 100
g of a solvent containing methanol and methylene chloride in
relative amounts by weight of 2:8, and a solution of an
azobenzene resin was prepared. Film (a7) obtained above was
coated with the prepared solution using a bar coater to form a
layer having a thickness of 1.1 um. While the substrate was
heated at 40° C., film (a6) was irradiated with linearly polar-
ized light (light polarized in the direction parallel to the trans-
verse direction of the film (a7)) having a illuminance of 9,800
lux obtained from a halogen lamp in the direction perpen-
dicular to the film (a7) using an iodine-based polarizer plate,
and a long sheet of a film having the slow axis in the longi-
tudinal direction of the film, optically anisotropic member
(A7), was obtained.

[0251] Optically anisotropic member (A7) obtained above
had refractive indices of n,,: 1.62660, n,,,: 1.52660 and n,
1.62660, an in-plane retardation R, of 60 nm, and a retarda-
tion in the direction of the thickness R, of =30 nm.

Preparation Example 14

Preparation of a Film of Optically Anisotropic Mem-
ber (B7)

[0252] Unstretched single layer film (b7) comprising a nor-
bornene-based polymer [manufacture by NIPPON ZEON
Co., Ltd.; ZEONOR 1420R; the glass transition temperature:
136° C.] was obtained in accordance with the extrusion mold-
ing. Unstretched single layer film (b7) was uniaxially
stretched in the longitudinal direction by a nip roll at a tem-
perature of 140° C. at a stretching speed of 190%/min to a
stretching ratio of 1.9, and a long sheet of a film having the
slow axis in the longitudinal direction of the film, optically
anisotropic member (B7), was obtained.

[0253] Optically anisotropic member (B6) had refractive
indices of n,: 1.53414, n,5: 1.53000, n,5: 1.53000, an in-
plane retardation R, of 360 nm, a retardation in the direction
of the thickness R, of 180 nm, and a content of residual
volatile components of 0.01% or smaller.

Example 7

Preparation of a Liquid Crystal Display Device
LCD-7

[0254] Optical element (a7) was obtained by laminating a
long sheet of optically anisotropic member (A7) obtained in
Preparation Example 13 and the long sheet of polarizer plate
(C) laminated with the low refractive index and the hard coat
layer which was obtained in Preparation Example IV in
accordance with the roll-to-roll process in a manner such that
the side of optically unstretched film (a7) of optically aniso-
tropic member (A7) was placed towards polarizer plate (C).
The angle between the slow axis of optically anisotropic
member (A7) and the absorption axis of the polarizer plate
was 0°. A plate obtained by cutting out of optical element (a'7)
obtained above was used as polarizer plate at the output side
(A'7).
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[0255] Optical element (b'7) was obtained by laminating a
small film having a length of 40 cm and a width of 30 cm
obtained by cutting out of the long sheet of optically aniso-
tropic member (B7) obtained in Preparation Example 14 (ina
manner such that the transverse direction of optically aniso-
tropic member (B7) was in the longitudinal direction of the
small film) and a long sheet of a polarizer plate [manufactured
by SANRITZ Company; HLC2-5618] in accordance with the
roll-to roll process in a manner such that the longitudinal
direction of the small film and the longitudinal direction of the
long sheet of a polarizer plate were parallel to each other. The
angle between the slow axis of optically anisotropic member
(B7) and the absorption axis of the polarizer plate was 90°. A
plate obtained by cutting out of optical element (b'7) obtained
above was used as polarizer plate at the incident side (B'7).
[0256] Polarizer plates at the output side and at the incident
side in a commercial liquid crystal display device of the
in-plane switching (IPS) mode were replaced with polarizer
plate of the output side (A"7) and polarizer plate of incident
side (B'7), respectively. The members of the liquid crystal
display device were arranged in a manner such that the
absorption axis of polarizer plate of the output side (A'7) and
the in-plane slow axis of the liquid crystal cell under appli-
cation of no voltage were parallel to each other, and the
absorption axis of polarizer plate of the incident side (B'7)
and the in-plane slow axis of the liquid crystal cell under
application of no voltage were perpendicular to each other,
and a liquid crystal display device having the structure shown
in FIG. 8, LCD-7, was prepared. The obtained device had a
structure in which the members were disposed in the follow-
ing order from the side of vision of the liquid crystal display
device: the low refractive index layer, the hard coat layer, the
polarizer plate, the film of optically anisotropic member (A7)
obtained in Preparation Example 13, the liquid crystal cell,
the film of optically anisotropic member (B7) obtained in
Preparation Example 14 and the polarizer plate.

[0257] When the property of display of the obtained liquid
crystal display device LCD-7 was evaluated by visual obset-
vation, it was found that the images of display were excellent
and uniform in the observations directly in front of the display
and in any oblique directions at angles of 80° and smaller as
the polar angle. Nonuniformity of the luminance was not
found in the observations directly in front of the display or in
any upward, downward, rightward or leftward oblique direc-
tion at any angle of 40° or smaller. No reflection of light from
the outside was found. The reflectance at the wavelength of
550nm was 0.53%, and the maximum value of the reflectance
at wavelengths in the range of 430 to 700 nm was 1.0%. No
scratches were found in the test of scratch resistance.

Comparative Example 1

[0258] Polarizer plates in a commercial liquid crystal dis-
play device of the in-plane switching (IPS) mode were
replaced with other polarizer plates [manufactured by SAN-
RITZ Company; HLC2-5618]. The members of the liquid
crystal display device were arranged in a manner such that the
absorption axis of the polarizer plate of the output side and the
in-plane slow axis of the liquid crystal cell under application
of no voltage were parallel to each other, and the absorption
axis of the polarizer plate of the incident side and the in-plane
slow axis of the liquid crystal cell under application of no
voltage were perpendicular to each other, and a liquid crystal
display device, LCD-8, was prepared. The obtained device
had a structure in which the members were disposed in the
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following order from the side of vision of the liquid crystal
display device: the polarizer plate, the liquid crystal cell and
the polarizer plate.

[0259] When the property of display of the obtained liquid
crystal display device was evaluated by visual observation, it
was found that images of display were poor due to insufficient
contrast when they were observed in an oblique angle of 45°
although the images of display were excellent when they were
observed directly in front of the display. Reflection of light
from the outside was found. The reflectance at the wavelength
of 550 nm was 3.51%, and the maximum value of the reflec-
tance at wavelengths in the range of 430 to 700 nm was
3.55%. Scratches were clearly found in the test of scratch
resistance.

INDUSTRIAL APPLICABILITY

[0260] The liquid crystal display device of the present
invention exhibits excellent antireflection property and
scratch resistance, prevents the decrease in contrast in obser-
vation of the display at oblique angles without decrease in the
quality of the images in observation directly in front of the
display, provides a wide angle of field and achieves uniform
display of images with great contrast at any angle of obser-
vation. The liquid crystal display device of the present inven-
tion can be advantageously applied, in particular, to the liquid
crystal display devices of the in-plane switching mode.

What is claimed:

1. A liquid crystal display device of an in-plane switching
mode which comprises a pair of polarizers which are a polar-
izer at an output side and a polarizer at an incident side and
disposed at relative positions such that absorption axes of the
polarizers are approximately perpendicular to each other and
at least optically anisotropic member (A), optically anisotro-
pic member (B) and a liquid crystal cell which are disposed
between the pair of polarizers, wherein n,_>n , and n,z>n 5
when, with respect to optically anisotropic member (A) and
optically anisotropic member (B), refractive indices in a
direction of an in-plane slow axis are represented by n,_, and
n, g, respectively, refractive indices in a direction in-plane and
perpendicular to the direction of an in-plane slow axis are
represented by n,,, and n 5, respectively, and refractive indi-
ces in adirection of athickness are represented by n_, andn_,
respectively, each measured using light having a wavelength
of 550 nm, wherein the liquid crystal display device is in the
following configuration, wherein

optically anisotropic member (A) and optically anisotropic

member (B) are disposed between the polarizer at the
incident side and the liquid crystal cell, the absorption
axis of the polarizer at the output side and the in-plane
slow axis of the liquid crystal of the liquid crystal cell
under application of no voltage are disposed at relative
positions parallel to each other, the in-plane slow axis of
optically anisotropic member (A) and the in-plane slow
axis of optically anisotropic member (B) are disposed at
relative positions approximately parallel to each other,
and the in-plane slow axis of optically anisotropic mem-
ber (B) and the in-plane slow axis of the liquid crystal of
the liquid crystal cell under application of no voltage are
disposed at relative positions approximately parallel to
each other, and wherein

an in-plane retardation Re(A), a retardation in the direction

of the thickness R, (A) of optically anisotropic member
(A), and an in-plane retardation R (B), a retardation in
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the direction of the thickness R,,(B) of optically aniso-
tropic member (B) satisfy the following formulae:

TO=R (A)=120,

—65=R,,(4)=-25,

50=R (B)=110 and

25=R,(B)=70,

wherein

R(A)=(ney~ yA)XdA: R (B)=(n.p~ yB)XdBa

Rl d)=[(n,t1,,0)2-n_4]xd 4, R 3(B)=(n,z11,5)/2-
#_plxdp,
d, and d; representing thicknesses of optically anisotropic
member (A) and (B), respectively, and the units of retarda-
tions in the formulae described above are expressed by nm.
2. A liquid crystal display device of an in-plane switching
mode which comprises a pair of polarizers which are a polar-
izer at an output side and a polarizer at an incident side and
disposed at relative positions such that absorption axes of the
polarizers are approximately perpendicular to each other and
at least optically anisotropic member (A), optically anisotro-
pic member (B) and a liquid crystal cell which are disposed
between the pair of polarizers, wherein n_>n,,, and n,z>n, 4
when, with respect to optically anisotropic member (A) and
optically anisotropic member (B), refractive indices in a
direction of an in-plane slow axis are represented by n_, and
n,z, respectively, refractive indices in a direction in-plane and
perpendicular to the direction of an in-plane slow axis are
represented by n,,, and n, respectively, and refractive indi-
ces ina direction of a thickness are represented by n,_ ,and n,_,
respectively, each measured using light having a wavelength
of 550 nm, wherein the liquid crystal display device is in the
following configuration, wherein
optically anisotropic member (A) and optically anisotropic
member (B) are disposed between the polarizer at the
incident side and the liquid crystal cell, the absorption
axis of the polarizer at the output side and the in-plane
slow axis of a liquid crystal of the liquid crystal cell
under application of no voltage are disposed at relative
positions parallel to each other, and the in-plane slow
axis of optically anisotropic member (A) and the in-
plane slow axis of optically anisotropic member (B) are
disposed at relative positions approximately parallel to
each other, the in-plane slow axis of optically anisotro-
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pic member (B) and the in-plane slow axis of the liquid
crystal of the liquid crystal cell under application of no
voltage are disposed at relative positions approximately
perpendicular to each other, and wherein

an in-plane retardation Re(A), a retardation in the direction
of the thickness R ;,(A) of optically anisotropic member
(A), and an in-plane retardation R (B), a retardation in
the direction of the thickness R,,(B) of optically aniso-
tropic member (B) satisfy the following formulae:

30<R,(4)=150,

“90=R (=15,

40=R,(B)=150 and

20=R,(B)ZT5,

wherein R (4)=(1,+—1,.4xd4, R (B)=(n,3-n,p)xdp,

R )= (st )/ 2=, 4f% 04, Rp(B)=[(n,pt12,5)/2~
#,p[*dp,

d, and dj representing thicknesses of optically anisotropic
member (A) and (B), respectively, and the units of retarda-
tions in the formulae described above are expressed by nm.

3. The liquid crystal display device according to claim 1,
wherein an absolute value ofa difference betweenn,, andn_,
is 0.003 or smaller, and an absolute value of a difference
between n,; and n, is 0.003 or smaller.

4. The liquid crystal display device according to claim 1,
wherein optically anisotropic member (A) comprises a layer
selected from following layers (i) to (iii):

(i) A layer comprising a material having a negative value of

intrinsic birefringence,

(i1) A layer comprising discotic liquid crystal molecules or

lyotropic liquid crystal molecules,

(iii) A layer comprising a photo-isomerizable substance.

5. The liquid crystal display device according claim 1,
wherein optically anisotropic member (A) is disposed at a
position closer to the liquid crystal cell than optically aniso-
tropic member (B).

6. The liquid crystal display device according to claim 2,
wherein optically anisotropic member (B) is disposed at a
position closer to the liquid crystal cell than optically aniso-
tropic member (A).
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