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(57) ABSTRACT

A liquid crystal display device of an in-plane switching mode
comprises at least an optically anisotropic member and a
liquid crystal cell disposed between a pair of polarizers hav-
ing absorption axes disposed approximately perpendicularly
to each other, wherein n_>n >n, (n,: a refractive index (n) in
the direction of the in-plane slow axis; n,; n in the in-plane
direction perpendicular to the above direction; n: n in the
direction of thickness, each at 550 nm); the optically aniso-
tropic member comprises a layer comprising a material hav-
ing a negative value of intrinsic birefringence; and the in-
plane slow axis of the optically anisotropic member is
approximately parallel or perpendicular to the absorption axis
of a polarizer closer to the member. The antireflection prop-
erty, scratch resistance and durability are excellent, the angle
of field is wide, and uniform display of images with great
contrast can be achieved at any angle of observation.

VISION SIDE

A

v

)

\”

BACKLIGHT SIDE




Patent Application Publication  Apr. 23,2009 Sheet 1 of 4 US 2009/0103012 A1

Fig. 1

VISION SIDE

BACKLIGHT SIDE




Patent Application Publication  Apr. 23,2009 Sheet 2 of 4 US 2009/0103012 A1

Fig. 2

BACKLIGHT SIDE

VISION SIDE




Patent Application Publication  Apr. 23,2009 Sheet 3 of 4 US 2009/0103012 A1

Fig. 3




Patent Application Publication  Apr. 23,2009 Sheet 4 of 4 US 2009/0103012 A1

Fig. 4




US 2009/0103012 A1

LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] 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

[0002] 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.
[0003] 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.

[0004] 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).

[0005] 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
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).

[0006] 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.
[0007] [Patent Reference 1] Japanese Patent Application
Laid-Open No. Heisei 7 (1995)-261152

[0008] [Patent Reference 2] Japanese Patent Application
Laid-Open No. Heisei 10 (1998)-054982
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[0009] [Patent Reference 3] Japanese Patent Application
Laid-Open No. Heisei 11 (1999)-305217

DISCLOSURE OF THE INVENTION

[0010] 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.

[0011] 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 a layer of an optically anisotropic member
having a negative value of intrinsic birefringence was dis-
posed at a specific position relative to the liquid crystal cell
and the polarizers and an optically anisotropic member satis-
fying the relation n,>n, was disposed at a specific position
relative to the liquid crystal cell and the polarizers, wherein
the refractive index of the optically anisotropic member in the
direction of the in-plane slow axis was represented by n_, the
refractive index in the direction in-plane and perpendicular to
the direction of the in-plane slow axis was represented by .,
and the refractive index in the direction of the thickness was
represented by n_. The present invention has been completed
based on the knowledge.

[0012] The present invention provides:

(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 an optically anisotropic member and a liquid crystal
cell which are disposed between the pair of polarizers,
wherein n>n,>n, when, with respect to the optically aniso-
tropic member, a refractive index in a direction of an in-plane
slow axis is represented by n,, a refractive index in a direction
in-plane and perpendicular to the direction of an in-plane
slow axis is represented by n,, and a refractive index in a
direction of a thickness is represented by n_, each measured
using light having a wavelength of 550 nm; and the in-plane
slow axis of the optically anisotropic member and the absorp-
tion axis of a polarizer disposed closer to the optically aniso-
tropic member are disposed at relative positions approxi-
mately parallel or approximately perpendicular to each other;
(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 posi-
tions parallel to each other, and the optically anisotropic
member is disposed between the liquid crystal cell and the
polarizer at the output side;

(3) The liquid crystal display device described any one of (1)
and (2), wherein the in-plane slow axis of the optically aniso-
tropic member 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 approximately perpendicular to
each other:

(4) The liquid crystal display device described in any one of
(1) to (3), wherein the optically anisotropic member com-
prises a layer comprising a material having a negative value of
intrinsic birefringence;
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(5) The liquid crystal display device described in any one of
(1) to (4), wherein a transparent resin is laminated to at least
one face of a layer of the optically anisotropic member;

(6) The liquid crystal display device described in (5), wherein
the transparent resin is a polymer resin having an alicyclic
structure;

(7) The liquid crystal display device described in any one of
(1) to (6), wherein a content of residual volatile components
in the optically anisotropic member is 0.1% by weight or
smaller; and

(8) The liquid crystal display device described in any one of
(1) to (7), wherein a protective film of a polarizer at a side of
vision in the liquid crystal display device comprises a low
refractive index layer which is formed with aero gel and has a
refractive index of 1.36 or smaller.

[0013] As the preferable embodiments, the present inven-
tion provides:

(9) A liquid crystal display device which comprises a pair of
polarizers disposed at relative positions such that transmis-
sion axes of the polarizers are approximately perpendicular to
each other and at least an optically anisotropic member and a
liquid crystal cell which are disposed between the pair of
polarizers, wherein the optically anisotropic member com-
prises a layer of a material having a negative value of intrinsic
birefringence, and the in-plane slow axis of the optically
anisotropic member and the absorption axis of a polarizer
disposed closer to the optically anisotropic member are dis-
posed at relative positions approximately parallel or approxi-
mately perpendicular to each other.

[0014] 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.

[0015] In the present invention, the contrast (CR) means
contrast expressed by (CR)=Y ,,/Y o WhereinY - 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

[0016] FIG. 1 shows a diagram exhibiting a preferable
arrangement in the liquid crystal display device of the present
invention.

[0017] FIG. 2 shows a diagram exhibiting a preferable
arrangement in the liquid crystal display device of the present
invention.

[0018] FIG. 3 shows a diagram exhibiting an embodiment
having arrangement [-1 in the liquid crystal display device of
the present invention.

[0019] FIG. 4 shows a diagram exhibiting an embodiment
having arrangement [-2 in the liquid crystal display device of
the present invention.
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[0020] The numbers in the Figures have the following
meanings:

[0021] 1: A polarizer of the incident side

[0022] 2: Aliquid crystal cell

[0023] 3: An optically anisotropic member

[0024] 4: A polarizer at the output side

THE MOST PREFERRED EMBODIMENT TO
CARRY OUT THE INVENTION

[0025] In the liquid crystal display device of the present
invention, n_>n_>n,, when, with respect to the optically aniso-
tropic member, the refractive index in the direction of the
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 wavelength of 550 nm.
When the optically anisotropic member does 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.
[0026] Itispreferable that the optically anisotropic member
used in the present invention comprises a layer comprising a
material having a negative value of intrinsic birefringence.
The material having a negative value of intrinsic birefrin-
gence means a material exhibiting a property such that, when
light is incident on a layer having molecules oriented 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 perpendicular to the
direction of the orientation.

[0027] 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.

[0028] Examples of the vinyl aromatic polymer include
polystyrene and copolymers of vinyl aromatic monomers
such as styrene, a-methylstyrene, o-methylstyrene, p-meth-
ylstyrene, 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.

[0029] 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
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material having a negative value of the intrinsic birefringence
as long as the effects of the present invention are not adversely
affected.

[0030] 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.

[0031] 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.

[0032] Itispreferable thatthe 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 the opti-
cally anisotropic member 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.
[0033] When a layer comprising other materials is lami-
nated to at least one face of the layer comprising the material
having a negative value of intrinsic birefringence, the other
material used for the lamination is not particularly limited. It
is preferable that a transparent resin is laminated to at least
one face of the layer comprising the material having a nega-
tive value of intrinsic birefringence. By laminating the trans-
parent resin to at least one face of the layer comprising the
material having a negative value of intrinsic birefringence,
prevention of fracture of the optically anisotropic member
and easy control of the wavelength dispersion of the optically
anisotropic member are made possible. As the transparent
resin, any resin exhibiting a total light transmission of 80% or
greater through a thickness of 1 mm can be used without
restrictions. Examples of the transparent resin include poly-
mer resins having an alicyclic structure, linear olefin-based
polymers such as polyethylene and polypropylene, polycar-
bonate-based polymers, polyester-based polymers, polysul-
fone-based polymers, polyether sulfone-based polymers,
polystyrene-based polymers, polyvinyl alcohol-based poly-
mers and polymethyl methacrylate-based polymers. Among
these polymers, polymer resins having an alicyclic structure
and linear olefin-based polymers are preferable, and polymer
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resins having an alicyclic structure are more preferable due to
excellent transparency, small absorption of moisture, dimen-
sional stability and light weight. By laminating the transpar-
ent resin to the optically anisotropic member, fracture of the
optically anisotropic member during stretching can be pre-
vented, and the optically anisotropic member satisfying the
relation of n,>n,>n, can be obtained with stability.

[0034] 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
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. In particular, the opti-
cally anisotropic member satisfying the relation of n,>n,>n,
can be efficiently and easily formed when the layer compris-
ing the material having a negative value of intrinsic birefrin-
gence is biaxially stretched.

[0035] Itis preferable 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 the
optically anisotropic member having a uniform phase differ-
ence over the entire face of the layer can be obtained with
excellent productivity without fracture.

[0036] Theprocesses forstretching 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 6
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.

[0037] Asdescribed above, by stretching the layer compris-
ing the material having a negative value of intrinsic birefrin-
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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, the optically anisotropic
substance having a uniform phase difference can be effi-
ciently and advantageously prepared.

[0038] In the liquid crystal display device of the present
invention, the content of the residual volatile components in
the optically anisotropic member is preferably 0.1% by
weight or smaller and more preferably 0.01% by weight or
smaller. When the content of residual volatile components in
the optically anisotropic member exceeds 0.1% by weight,
there is the possibility that the phase difference is not uniform
since the volatile components are discharged to the outside
during the use, and internal stress is generated due to a dimen-
sional change formed in the optically anisotropic member.
When the contents of residual volatile component in the opti-
cally anisotropic member is 0.1% by weight or smaller and
more preferably 0.01% or smaller, the liquid display device
exhibiting excellent stability of the optical property showing
no uneven display of images after the use for a long time can
be obtained.

[0039] The volatile components are substances contained
in the optically anisotropic member 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.

[0040] 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 an optically anisotropic member and a
liquid crystal cell which are disposed between the pair of
polarizers, wherein the in-plane slow axis of the optically
anisotropic member and the absotption axis of a polarizer
disposed closer to the optically anisotropic member are dis-
posed at relative positions approximately parallel or approxi-
mately perpendicular to each other.

[0041] Inthe present invention, 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°.

[0042] Itis preferable that the optically anisotropic member
used in the present invention have uniform optical properties.
It is more referable that the dispersion of the in-plane retar-
dation is 10 nm or smaller, still more preferably 5 nm or
smaller and most preferably 2 nm or smaller. When the dis-
persion of the in-plane retardation is within the above range,
the quality ofdisplay of the liquid crystal display device of the
present invention can be made excellent. The dispersion of
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the in-plane retardation means the difference between the
maximum value and the minimum value of the in-plane retar-
dation when the in-plane retardation is measured over the
entire face of the optically anisotropic members in the con-
dition such that the incident angle of light is 0°, i.e., when the
incident light and the surface of the optically anisotropic
member used in the present invention are perpendicular to
each other.

[0043] In the optically anisotropic member used in the
present invention, the dispersion of the in-plane slow axis is
preferably £3° or smaller, more preferably +1° or smaller and
most preferably £0.3° or smaller. When the dispersion of the
in-plane slow axis is within the above range, the liquid crystal
display device of the present invention can provide excellent
display of images without uneven color or defects of color.
[0044] As for the dispersion of the slow axis, the slow axis
is measured at several portions, and the dispersion of the
values obtained in the individual measurements relative to the
arithmetic average of the values is used as the dispersion of
the slow axis.

[0045] 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, an optically anisotropic member is disposed
between two polarizers of the liquid crystal display device of
the in-plane switching mode in a manner such that the in-
plane slow axis of the optically anisotropic member and the
transmission axis of the polarizer disposed closer to the opti-
cally anisotropic member 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.

[0046] Inthe 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
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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.

[0047] Ingeneral, protective films are attached to both faces
of the polarizer, and the obtained laminate is used as a polar-
izer plate.

[0048] As the protective film in the polarizer, a suitable
transparent film can be used. In particular, films comprising a
polymer exhibiting excellent transparency, mechanical
strength, heat stability and property of shielding moisture are
preferable. Examples of the polymer include polymers hav-
ing analicyclic 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.

[0049] 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.

[0050] 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.

[0051] 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.

[0052] 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.
[0053] 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-
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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.
[0054] 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.

[0055] The protective film for the polarizer at the side of
vision in the liquid crystal display device of the present inven-
tion can be prepared by laminating a hard coat layer and a low
refractive index layer in this order.

[0056] 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 the hard coat layer is not particularly
limited. The thickness is, in general, 0.5 to 30 um and pref-
erably 3 to 15 pum. 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.

[0057] 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.
[0058] 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.

[0059] Inthe present invention, 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.

[0060] It is preferable that the hard coat layer further com-
prises particles of an inorganic oxide.

[0061] 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.
[0062] 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
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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.

[0063] 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 zine (1Z0), zinc oxide doped with aluminum (AZO) and
tin oxide doped with fluorine (FTO).

[0064] Among these particles, particles of antimony pen-
taoxide are suitable as a component for adjusting the refrac-
tive index due to the great refractive index and excellent
balance between electric conductivity and transparency.
[0065] 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.

[0066] 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.

[0067] 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.

[0068] Examples of the aero gel having dispersed minute
pores include silica aero gel and porous substances contain-
ing hollow particles dispersed in a matrix.

[0069] 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.
[0070] 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.

[0071] 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
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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.

[0072] Among the above resins, acrylic resins, epoxy res-
ins, urethane resins, silicone resins, hydrolyzable organic
silicon compounds such as alkoxysilanes and hydrolysis
products thereof are preferable from the standpoint of disper-
sion of the fine particles and strength of the porous substance.
[0073] 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 (c) shown in
the following:

[0074] (a) Compounds represented by formula (6):
SiX, (6)
[0075] (b) Products of partial hydrolysis of at least one of

compounds represented by formula (6)

[0076] (c)Products of complete hydrolysis ofat 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.

[0077] 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.

[0078] 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 is 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.
Tt 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-trifluoropropyltrimethoxysilne,
methyl-3,3,3-trifluoropropyldimethoxysilane, heptadecaf-
luoro-decylmethyldimethoxysilane, heptadecafluorodecyl-
trichlorosilane, heptadecafluorodecyltrimethoxysilane, trif-
luoropropyltrimethoxysilane and
tridecafluorooctyltrimethoxysilane.

[0079] 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
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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 smal. 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.

[0080] The average diameter of the inorganic fine particles
is not particularly limited. The average diameter is preferably
5 t0 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
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.

[0081] 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°.

[0082] 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 of 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°.

[0083] When each reflectance is within the respectiverange
described above, a polarizer plate showing no images from
outside light or glare and providing excellent vision can be
obtained.

[0084] 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.).

[0085] 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.

[0086] 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 sut-
face before and after the test, and the arithmetic average of the
obtained values is calculated.

[0087] Intheabove 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.

[0088] 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=(R®-R*)R?x100(%) (1.1)
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[0089] The embodiments of the liquid crystal display
device of the present invention comprising the optically
anisotropic member comprise 4 embodiments of the prefer-
able arrangement. In the following, 2 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 2 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 “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 embodi-
ments of the preferable arrangement show the same charac-
teristics 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 embodi-
ments of the preferable arrangement 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; 4: 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 member 3.

[0090] In the first and second embodiments of the prefer-
able arrangement, the optically anisotropic member is dis-
posed between the polarizer at the output side (the polarizer at
the side of vision) and the liquid crystal cell of the liquid
crystal display device.

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

[0091] FIG. 3 shows a diagram exhibiting the first embodi-
ment of the preferable arrangement (referred to as arrange-
ment [-1, hereinafter) of the liquid crystal display device of
the present invention. In arrangement I-1, it is preferable that
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, and the slow axis of optically
anisotropic member and the in-plane slow axis of the liquid
crystal of the liquid crystal cell under application of no volt-
age are disposed at relative positions perpendicular to each
other. Due to the above relative positions of the optically
anisotropic membet, the liquid crystal cell and the two polar-
izers, the minimum value of the contrast can be made 30 or
greater at polar angles of 0 to 80°.

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

[0092] 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, it is
preferable that 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, and the
slow axis of optically anisotropic member 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. Due to the above relative positions of
the optically anisotropic member, the liquid crystal cell and
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the two polarizers, the minimum value of the contrast can be
made 30 or greater at polar angles of 0 to 80°.

[0093] Inarrangements I-1 andI-2 the preferable combina-
tion of the in-plane retardation R, (the unit: nm) and the
retardation in the direction of the thickness R,;, (the unit: nm)
of the optically anisotropic member is: 100=R_=400 and
-500=R,,=-60. The more preferable combination is:
160=R =340 and -350=R,,=-150. The still more prefer-
able combination is: 200=R,=260 and -305=R,=-205.
The most preferable combination is: 210=R_ =250 and
-275=R,,=-235.

[0094] 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 (2) and
(3). Inthe equations, n,, n,and n, eachrepresent the refractive
index (=), and d represents the thickness (nm).

R=(n,~n,)xd @
Ry=[(n,40,)2-n,/xd (3)
[0095] 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.

[0096] 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

[0097] 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.
[0098] In Example 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.

[0099] In Example and Comparative Example, measure-
ments and evaluations were conducted in accordance with the
following methods.

(1) Thickness

[0100] After alaminate 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

[0101] The glass transition temperature was measured in
accordance with the method of differential scanning calorim-
etry (DSC)described in Japanese Industrial Standard K 7121.
(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 Retardation of the Opti-
cally Anisotropic Member
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[0102] For the measurement of the refractive index of the
optically anisotropic member, 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 auto-
matic  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 perpendicular 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 calculated in accordance with the following
equations after the refractive indices (n,;, n,, and n,) of each
layer had been measured. In each layer of the laminate, the
refractive index in the direction parallel to the slow axis of the
optically anisotropic 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,.
1= Z (e xdy) V[(Zd ), =[x d) V[ (Zdy) 1,7 [Z(0,,x
@)V 1(Zdy)

wherein 2 means the total sum, each layer in the anisotropic
memberisindicated byi(i=1,2 ...), and the thickness of each
layer is represented by d,, d,5.

[0103] The retardations R, and R, were measured with
respect to light having a wavelength of 550 nm using the
above automatic birefringence meter.

[0104] 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. For the dispersion of the slow axis,
the slow axis was measured at intervals of 10 mm in the
transverse direction of the optically anisotropic member. The
average of the values obtained by the measurement was
obtained, and the dispersion was obtained from the difference
between the values obtained by the individual measurement
and the average.

(4) Content of Residual Volatile Components

[0105] 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

[0106] 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.
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A. WOOLAM Company; M-2000U], and the refractive indi-
ces were obtained by calculation based on the values obtained
by the measurement.

(6) Reflectance

[0107] 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

[0108] An optically anisotropic member was 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

[0109] An optically anisotropic member was 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
luminance (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

[0110] 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 an Optically Anisotropic
Member

[0111] Along sheet of an unstretched laminate which com-
prised layer [1] comprising a norbornene-based polymer
[manufacture by NIPPON ZEON Co., Ltd.; ZEONOR 1020;
the glass transition temperature: 105° C.], layer [2) compris-
ing a styrene-maleic anhydride copolymer [manufactured by
NOVA CHEMICAL JAPAN Co., Ltd.; DYLARK D332; the
glass transition temperature: 130° C.; the content of oligomer
components: 3% by weight] and layer [3] comprising a modi-
fied ethylene-vinyl acetate copolymer [manufactured by
MITSUBISHI KAGAKU Co., Ltd.; MODIC AP A543, the
Vicat softening point: 80° C.] and had a structure of layer [1]
(15 um)—layer [3] (5 um)—layer [2] (110 um)}—layer [3] (5
pum)—Ilayer [1] (15 pm) was obtained in accordance with the
coextrusion molding. The long sheet of an unstretched lami-
nate was uniaxially stretched by a tenter in the longitudinal
direction at a temperature of 136° C. to a stretching ratio of
1.3 and then in the transverse direction at a temperature of
138° C. 10 a stretching ratio of 1.2, and an optically anisotro-
pic member having the slow axis in the transverse direction of
the film was obtained.

[0112] The obtained optically anisotropic member had
refractive indices of n,: 1.5823, n,: 1.5800, n,: 1.5837, an
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in-plane retardation R, of 230 nm, a retardation in the direc-
tion of the thickness R, of =255 nm, a thickness of 10 pm, a
dispersion of the in-plane slow axis 0f+0.05° and a content of
residual volatile components of 0.01% or smaller.

PREPARATION EXAMPLE I
Preparation of a Hard Coating Agent

[0113] 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 II

Preparation of a Coating Fluid for a Low Refractive
Index Layer

[0114] 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 8%2s. The resultant
mixture was diluted with methanol so that the content of the
entire solid components was 10% by mass, and a coating fluid
for a low refractive index layer was obtained.

PREPARATION EXAMPLE III
Preparation of a Hard Coat Layer

[0115] 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
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obtained. The hard coat layer had a thickness of 5 um, a
refractive index of 1.62 and a surface roughness of 0.2 pm
after being cured.

PREPARATION EXAMPLE IV
Preparation of a Low Refractive Index Layer

[0116] Thelong sheet of polarizer plate (C') laminated with
the hard coat layer was coated with the coating fluid for a 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

[0117] Optical element (a'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 the optically
anisotropic member obtained in Preparation Example 1 (in a
manner such that the transverse direction of the optically
anisotropic member was in the longitudinal direction of the
small film) and a small film having a length of 40 cm and a
width of 30 cm obtained by cutting out of the long sheet of
polarizer plate (C) laminated with the low refractive index
and the hard coat layer which was obtained in Preparation
Example TV in a manner such that the longitudinal directions
of the small films were parallel to each other. The angle
between the slow axis of the optically anisotropic member
and the absorption axis of the polarizer plate was 90°. A plate
obtained by cutting out of optical element (a'7) obtained
above was used as polarizer plate at the output side (A'7).
[0118] 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'7). 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 application of no voltage were par-
allel 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 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 the optically
anisotropic member obtained in Preparation Example 1, the
liquid crystal cell and the polarizer plate.

[0119] When the property of display of the obtained liquid
crystal display device LCD-1 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 0.54%, and the maximum value of the reflectance
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at wavelengths in the range of 430 to 700 nm was 1.1%. No
scratches were found in the test of scratch resistance.

COMPARATIVE EXAMPLE 1

[0120] 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-2, 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 polarizer plate, the liquid crystal cell and
the polarizer plate.

[0121] When the property of display of the obtained liquid
crystal display device was evaluated by visual observation, 1t
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 3.52%, and the maximum value of the reflec-
tance at wavelengths in the range of 430 to 700 nm was
3.56%. Scratches were clearly found in the test of scratch
resistance.

INDUSTRIAL APPLICABILITY

[0122] 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.

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 an optically anisotropic member and a liquid crystal
cell which are disposed between the pair of polarizers,
wherein n_>1n,>n, when, with respect to the optically aniso-
tropic member, a refractive index in a direction of an in-plane
slow axis is represented by n,, a refractive index in a direction
in-plane and perpendicular to the direction of an in-plane
slow axis is represented by n,, and a refractive index in a
direction of a thickness is represented by 1., each measured
using light having a wavelength of 550 nm; and the in-plane
slow axis of the optically anisotropic member and the absorp-
tion axis of a polarizer disposed closer to the optically aniso-
tropic member are disposed at relative positions approxi-
mately parallel or approximately perpendicular to each other.

2. The liquid crystal display device according to claim 1,
wherein the absorption axis of the polarizer at the output side
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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 optically
anisotropic member is disposed between the liquid crystal
cell and the polarizer at the output side.

3. The liquid crystal display device according to claim 1,
wherein the in-plane slow axis of the optically anisotropic
member 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 approximately perpendicular to each
other.

4. The liquid crystal display device according to claim 1,
wherein the optically anisotropic member comprises a layer
comprising a material having a negative value of intrinsic
birefringence.
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5. The liquid crystal display device according to claim 1,
wherein a transparent resin is laminated to at least one face of
a layer of the optically anisotropic member.

6. The liquid crystal display device according to claim 5,
wherein the transparent resin is a polymer resin having an
alicyclic structure.

7. The liquid crystal display device according to claim 1,
wherein a content of residual volatile components in the
optically anisotropic member is 0.1% by weight or smaller.

8. The liquid crystal display device according to claim 1,
wherein a protective film of a polarizer at a side of vision in
the liquid crystal display device comprises a low refractive
index layer which is formed with aero gel and has a refractive
index of 1.36 or smaller.
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