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(7) ABSTRACT

An elliptical polarizer is provided having excellent viewing
angle improving effects. The elliptical polarizer includes a
polarizer, a first optical anisotropic layer, and a second optical
anisotropic layer, laminated in this order. The first optical
anisotropic layer satisfies the requirements of 0.8=NZ1=1.6
and 120=Rel=250 and is disposed so that the slow axis
thereof is orthogonal to the absorption axis of the polarizer.
The second optical anisotropic layer is a liquid crystal film
having a retardation value in the plane of 30 to 150 nm with
respect to a 550 nm wavelength light and fixed in a nematic
hybrid alignment wherein the average tilt angle of the liquid
crystal molecules of a liquid crystalline polymer exhibiting a
positive optical uniaxiality, and is disposed so that the aligned
direction thereof is parallel to the absorption axis of the first
polarizer. The elliptical polarizer is used in a TN type liquid
crystal display device so that the second optical anisotropic
layer is disposed on the liquid crystal cell side.
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ELLIPTICAL POLARIZER AND LIQUID
CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Section 371 of International
Application No. PCT/IP/2008/065058, filed Aug. 18, 2008,
which was published in the Japanese language on Mar. 5,
2009, under International Publication No. WO 2009/028428
Al and the disclosure of which is incorporated herein by
reference.

FIELD OF THE INVENTION

[0002] The present invention relates to elliptical polarizers
comprising two optical anisotropic layers and liquid crystal
display devices equipped with such elliptical polarizers, with
excellent viewing angle characteristics, in particular to TN
type liquid crystal display devices.

BACKGROUND OF THE INVENTION

[0003] Currently, liquid crystal display devices (hereinafter
also referred to as “LCD”) that are most commonly used are
twisted-nematic type LCDs (hereinafter also referred to as
“TN-LCD”) of normally white (hereinafter also referred to as
“NW”) mode. This NW mode TN-LCD has a liquid crystal
cell comprises a nematic liquid crystal sandwiched between a
pair of glass substrates forming transparent electrodes. The
nematic liquid crystal has such an aligned structure that it has
a helical axis in the normal line direction of the glass sub-
strates and the twisted angle is about 90°. The liquid crystal
cell is sandwiched between a pair of linear polarizers dis-
posed so that their absorption axes are orthogonal to each
other. When no electric voltage is applied to the NW mode
TN-LCD, it operates in a white state because linearly polar-
ized incident light is rotated by 90° due to the optical rotation
characteristics of the liquid crystal cell and then exits. When
an electric voltage is applied, liquid crystal molecules arise
with respect to the glass substrates, and the optical rotation
characteristics are lost. As the result, since linearly polarized
incident light passes through the cell as it is, the NW mode
TN-LCD operates in a black state. The use of the white and
black states and an intermediate state therebetween enables
gradation displaying.

[0004] However, the nematic liquid crystal used in the LCD
has a rod-like molecular structure and exhibits a positive
refractive index anisotropy having a large refractive index in
the direction of the molecular axis. Therefore, the polariza-
tion state of light obliquely passing through the LCD changes
in a direction different from the normal line direction thereof
due to the retardation caused by the refractive index anisot-
ropy of the liquid crystal. Accordingly, when the image pro-
duced by the LCD is viewed at an angle deviating from the
normal line direction thereof, the LCD exhibits unfavorable
viewing angle characteristics, that is phenomena such as
reduced contrast and inverted gradation displaying. For
improving viewing angle characteristics, a significant effect
therefor can be achieved by improving the viewing angle
characteristics during black displaying, i.e., when an electric
voltage is applied. When an electric voltage is applied, the
liquid crystal molecules are aligned nearly vertically with
respect to the glass substrates. Therefore, the aligned mol-
ecules are regarded as exhibiting a positive refractive index
anisotropy having an optical axis in the normal line direction
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of the glass substrates, and methods for compensating for
such an anisotropy have been reported in which to use a
retardation film having an optical axis in the normal line
direction thereof and a negative refractive index anisotropy
(see Patent Document Nos. 1 and 2 below). However, since in
an actual LCD, the liquid crystal molecules near the glass
substrates remain tilted due to the binding force of the align-
ment films formed thereon even when an electric voltage is
applied, it is difficult to compensate sufficiently for the polar-
ization state caused by the liquid crystal cell only using the
retardation film having an optical axis in the normal line
direction thereof and a negative refractive index anisotropy.
[0005] Methods have also been proposed in which to use a
liquid crystal film of disc-shaped liquid crystal molecules
with an optical axis tilted from the normal line direction
thereof and a negative refractive index anisotropy in order to
also compensate for the above-described tilted liquid crystal
molecules (see Patent Document Nos. 3 and 4 below). How-
ever, although these methods can improve the compensation
for the liquid crystal cell when applied with an electric volt-
age, it is costly to synthesize and form disc-shaped liquid
crystal molecules into a film, and compensation becomes
insufficient in an intermediate gradation displaying state that
is a more complex aligned configuration wherein the number
of the tilted liquid crystal portion increases, due to a lower
applied electric voltage. It is thus difficult to improve the
inverted gradation phenomenon while the viewing angle
characteristics of display contrast can be improved. As the
result, only insufficient viewing angle characteristics can be
obtained.

[0006] As alternative methods, it has been reported that the
viewing angle characteristics can also be improved using a
retardation plate having an optical axis tilted from the normal
line direction thereof and still having the same positive refrac-
tive index anisotropy as the liquid crystal does (see, Patent
Document Nos. 5, 6 and 7).

[0007] Although these reports describe that the use of a
retardation plate having a positive refractive index anisotropy
and an optical axis tilted from the normal line direction
thereof is effective in restraining the gradation inversion of a
liquid crystal cell, the methods described in these reports can
only provide insufficient viewing angle characteristics for
those of display contrast.

[0008] Patent Document No. 8 proposes a liquid crystal
display device with the combination of a retardation plate
wherein liquid crystal molecules having a positive refractive
index anisotropy are obliquely aligned and a uniaxial film,
which device comprises a polarizer/an obliquely aligned film/
a uniaxial film/a TN liquid crystal cell/a uniaxial film/an
obliquely aligned film/ a polarizer. However, this configura-
tion is not enough to completely compensate for the viewing
angle of display contrast and can only provide for incomplete
viewing angle characteristics.

[0009] As described above, with regard to the optical com-
pensation plate used for improving the viewing angle char-
acteristics of an TN-LCD, no optical compensation plate has
not been found yet which can drastically improve viewing
angle characteristics including not only display contrast but
also gradation inversion. Therefore, further improvements
have been required for the optical compensation plate.
[0010] (1) Patent Document 1: Japanese Laid-Open Patent
Publication No. 2-015239

[0011] (2) Patent Document 2: Japanese Laid-Open Patent
Publication No. 3-103823
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[0012] (3) Patent Document 3: Japanese Laid-Open Patent
Publication No. 63-239421

[0013] (4) Patent Document 4: Japanese Laid-Open Patent
Publication No. 6-214116

[0014] (5) Patent Document 5: Japanese Laid-Open Patent
Publication No. 5-080323

[0015] (6) Patent Document 6: Japanese Laid-Open Patent
Publication No. 7-306406

[0016] (7) Patent Document 7: WO96/10773

[0017] (8) Patent Document 8: Japanese Laid-Open Patent
Publication No. 10-123506

BRIEF SUMMARY OF THE INVENTION

[0018] The present invention has an object to provide an
elliptical polarizer that can significantly improve viewing
characteristics for both contrast and gradation inversion when
disposed on a liquid crystal cell and a liquid crystal display
device equipped with such an elliptical polarizer, that is
higher in contrast and less in viewing angle dependency.
[0019] As theresult of extensive study and research in view
ofthese circumstances, the present invention has been accom-
plished on the basis of the finding that viewing angle charac-
teristics of both display contrast and gradation inversion can
be drastically improved by combining an optical anisotropic
layer with an NZ coefficient of 0.8 to 1.6 and an optical
anisotropic layer with a fixed nematic hybrid alignment struc-
ture formed with a liquid crystalline polymer having an opti-
cally positive uniaxiality while the polymer is in a liquid
crystal state, and by laminating these anisotropic layers with
such different characteristics with respect to a polarizer and a
liquid crystal cell in a specific order.

[0020] That is, means for achieving the foregoing object are
as follows:

[0021] (1) an elliptical polarizer comprising:

[0022] a polarizer;

[0023] a first optical anisotropic layer; and

[0024] asecond optical anisotropic layer, laminated in this
order,

[0025] the first optical anisotropic layer satisfving the

requirements [ 1] and [ 2] below and being disposed so that the
slow axis thereof is orthogonal to the absorption axis of the
polarizer, the second optical anisotropic layer being a liquid
crystal film having a retardation value in the plane of30 to 150
nm with respect to a 550 nm wavelength light and fixed in a
nematic hybrid alignment wherein the average tilt angle of the
liquid crystal molecules of a liquid crystalline polymer exhib-
iting a positive optical uniaxiality is from 5° to 50° and being
disposed so that the aligned direction of the second optical
anisotropic layer is parallel to the absorption axis of the
polarizer, and the elliptical polarizer being used in a twisted
nematic (TN) type liquid crystal display device so that the
second optical anisotropic layer is disposed on the liquid
crystal cell side of the device:

[0026] [1] 0.8=NZ1=1.6
[0027] [2] 120=Rel =250
[0028] wherein NZ1=(nx1-nzl)/(nx1-ny1), Rel indicates

the retardation value in the plane of the first optical anisotro-
pic layer defined by Rel=(nx1-nyl)xd1 [nm] wherein d1
indicates the thickness [nm] of the first optical anisotropic
layer, nx1 and ny1 indicate the main refractive indices in the
plane of the first optical anisotropic layer with respect to a 550
nm wavelength light, nz1 indicates the main refractive index
in the thickness direction of the first optical anisotropic layer
with respect to a 550 nm light, and nx1>ny1;
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[0029] (2) the elliptical polarizer according to (1) above,
wherein the first optical anisotropic layer comprises a ther-
moplastic polymer containing a cyclic polyolefin resin;
[0030] (3) the elliptical polarizer according to (1) above,
wherein the first optical anisotropic layer comprises a ther-
moplastic polymer containing a cellulosic resin;

[0031] (4)a TN type liquid crystal display device contain-
ing at least one elliptical polarizer according to (1) above;

[0032] (5)aTN type liquid crystal display device compris-
ing:

[0033] a first polarizer:;

[0034] a first optical anisotropic layer;

[0035] a second optical anisotropic layer;

[0036] aTN type liquid crystal cell;

[0037] asecond optical anisotropic layer;

[0038] a first optical anisotropic layer;

[0039] asecond polarizer; and

[0040] abacklight, arranged in this order from the viewing
side,

[0041] the first optical anisotropic layers satisfying the

requirements [1] and [2] below, the first optical anisotropic
layer on the viewing side being disposed so that the slow axis
thereof is orthogonal to the absorption axis of the first polar-
izer, the first optical anisotropic layer on the backlight side
being disposed so that the slow axis thereof is orthogonal to
the absorption axis of the second polarizer, each of the second
optical anisotropic layers being a liquid crystal film having a
retardation value in the plane of 30 to 150 nm with respect to
a 550 nm wavelength light and fixed in a nematic hybrid
alignment wherein the average tilt angle of the liquid crystal
molecules of a liquid crystalline polymer exhibiting a positive
optical uniaxiality is from 5° to 50°, the second optical aniso-
tropic layer on the viewing side being disposed so that the
aligned direction thereof is parallel to the absorption axis of
the first polarizer, and the second optical anisotropic layer on
the backlight side being disposed so that the aligned direction
thereof is parallel to the absorption axis of the second polar-
izer:

[0042] [1] 0.8=NZ1=1.6
[0043] [2] 120=Rel=250
[0044] wherein NZ1=(nx1-nz1)/(nx1-ny1), Rel indicates

the retardation value in the plane of each of the first optical
anisotropic layers defined by Rel=(nx1-nyl)xdl [nm]
wherein d1 indicates the thickness [nm] of each of the first
optical anisotropic layers, nx1 and nyl indicate the main
refractive indices in the plane of each of the first optical
anisotropic layers with respect to a 550 nm wavelength light,
nz] indicates the main refractive index in the thickness direc-
tion of each of the first optical anisotropic layers with respect
to a 550 nm light, and nx1>ny1;

[0045] (6)the TN type liquid crystal display device accord-
ing to (4) or (5) above, wherein the first optical anisotropic
layers each comprise a thermoplastic polymer containing a
cyclic polyolefin resin;

[0046] (7)the TN type liquid crystal display device accord-
ing to (4) or (5) above, wherein the first optical anisotropic
layers each comprise a thermoplastic polymer containing a
cellulosic resin; and

[0047] (8)theTN type liquid crystal display device accord-
ing to any one of (4) to (7) above, wherein upon application of
no electric voltage, the aligned direction of the liquid crystal
molecules on the cell substrate on the viewing side, in the TN
type liquid crystal cell is antiparallel to the aligned direction
of the liquid crystal film fixed in a nematic hybrid alignment
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forming the second optical anisotropic layer on the viewing
side, and the aligned direction of the liquid crystal molecules
on the cell substrate on the backlight side is antiparallel to the
aligned direction of the liquid crystal film fixed in a nematic
hybrid alignment forming the second optical anisotropic
layer on the backlight side.

[0048] The present invention can provide an elliptical
polarizer that can significantly improve viewing characteris-
tics of both contrast and gradation inversion when disposed
on a liquid crystal cell and a liquid crystal display device
equipped with such an elliptical polarizer, that is higher in
contrast and less in viewing angle dependency.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0049] The foregoing summary, as well as the following
detailed description of the invention, will be better under-
stood when read in conjunction with the appended drawings.
For the purpose of illustrating the invention, there are shown
in the drawings embodiments which are presently preferred.
It should be understood, however, that the invention is not
limited to the precise arrangements and instrumentalities
shown.

[0050]

[0051] FIG.1isa conceptual view of an elliptical polarizer
according to the present invention;

[0052] FIG. 2 is a is a schematic view for describing the
aligned structure of the liquid crystal film forming the second
optical anisotropic layer;

[0053] FIG. 3 is a schematic cross-sectional view of the
liquid crystal display device of Example 1;

[0054] FIG. 4 is a plan view indicating the angular relation
of the absorption axes of the polarizers, the slow axes of the
polymeric stretched films, the tilt direction of the liquid crys-
tal film and the pre-tilt direction of the liquid crystal cell in
Example 1;

[0055] FIG. 51is a view indicating the contrast ratio when
viewing the liquid crystal display device of Example 1 from
all the directions;

[0056] FIG. 6 is a view indicating the contrast ratio when
viewing the liquid crystal display device of Example 2 from
all the directions;

[0057] FIG. 7 is a view indicating the contrast ratio when
viewing the liquid crystal display device of Example 3 from
all the directions;

[0058] FIG. 8 is a schematic cross-sectional view of the
liquid crystal display device of Comparative Example 1;
[0059] FIG. 9 is a view indicating the contrast ratio when
viewing the liquid crystal display device of Comparative
Example 1 from all the directions;

[0060] FIG. 10 is a schematic cross-sectional view of the
liquid crystal display devices of Comparative Example 2 and
3
[0061] FIG. 11 is a view indicating the contrast ratio when
viewing the liquid crystal display device of Comparative
Example 2 from all the directions;

[0062] FIG.12isaplanview indicating the angular relation
ofthe absorption axes of the polarizers, the tilt direction of the
liquid crystal film and the pre-tilt direction of the liquid crys-
tal cell in Comparative Example 3; and

In the drawings:
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[0063] FIG. 13 is a view indicating the contrast ratio when
viewing the liquid crystal display device of Comparative
Example 3 from all the directions.

DETAILED DESCRIPTION OF THE INVENTION

[0064] The present invention will be described in more
detail below.
[0065] The elliptical polarizer of the present invention

comprises at least a transparent protection film, a polarizing
element, a first optical anisotropic layer with an NZ coeffi-
cient of 0.8 to 1.6, and a second optical anisotropic layer that
is a liquid crystal film wherein a liquid crystalline polymer
having an optical positive uniaxiality is fixed in a nematic
hybrid alignment structure.

[0066] Referring to FIG. 1, the elliptical polarizer will be
described. As shown in FIG. 1, the elliptical polarizer has a
structure wherein a polarizer, a first optical anisotropic layer
and a second optical anisotropic layer are laminated in this
order. The polarizer may comprises a polarizing element hav-
ing on its either or both surfaces a transparent protection film.
When a transparent protection film is arranged on only one
surface, the first optical anisotropic layer also acts as a pro-
tection film for the polarizing element. The elliptical polarizer
may have a transparent protection film between the polarizing
element and the first optical anisotropic layer. However, it is
preferable to arrange the first optical anisotropic layer
directly on the polarizing element in view of durability and
thickness. The elliptical polarizer is so constructed that the
slow axis of the first optical anisotropic layer is orthogonal to
the absorption axis of the polarizer and the slow axis of the
second optical anisotropic layer is parallel to the absorption
axis of the polarizer.

[0067] For the order of laminating the optical anisotropic
layers with respect to the polarizer in the elliptical polarizer
shown in FIG. 1, they are preferably laminated in the order of
the first optical anisotropic layer and the second anisotropic
layer from the polarizer with the objective of restraining
contrast reduction and color shift when the elliptical polarizer
is mounted in a liquid crystal display device. In FIG. 1, the
polarizer, first optical anisotropic layer and second optical
anisotropic layer are laminated via a tacky adhesive layer or
an adhesive layer. The tack adhesive layer or adhesive layer
may be a single layer or may be in a superimposed structure
of two or more layers.

[0068] Hereinafter, components used in the present inven-
tion will be described in order.

[0069] The polarizer used in the present invention com-
prises a polarizing element having on its either or both sur-
faces a transparent protection film.

[0070] There is no particular restriction on the polarizing
element, and thus various types of polarizing elements may
be used. Examples of the polarizing element include those
produced by stretching uniaxially a hydrophilic polymer film
such as a polyvinyl alcohol-based film, a partially formalized
polyvinyl alcohol-based film or an ehtylene-vinyl acetate
copolymer-based partially saponified film to which a dichroic
substance such as iodine or a dichroic dye is allowed to
absorb; and polyene-based aligned films such as dehydrated
products of polyvinyl alcohol and dehydrochlorinated prod-
ucts of polyvinyl chloride. Among these polarizing elements,
it is suitable to use those produced by stretching and aligning
a polyvinyl alcohol-based film to which a dichroic substance
(iodine or dye) is allowed to absorb. There is no particular
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restriction on the thickness of the polarizing element. Tt is,
however, common to use a polarizing element with a thick-
ness of 5 to 80 um.

[0071] The polarizing element wherein a polyvinyl alcohol
is dyed with iodine and uniaxially stretched may be produced
by dipping a polyvinyl alcohol in an aqueous solution of
iodine to be dyed and stretching it 3 to 7 times longer than the
original length. If necessary, the polyvinyl alcohol-based film
may be dipped in a solution of boric acid or potassium iodide.
Further if necessary, the polyvinyl alcohol-based film may be
dipped in water to be washed before dyeing. Washing of the
polyvinyl alcohol-based film can remove stains thereon and a
blocking inhibitor and swells the film thereby providing an
effect to prevent uneven dyeing. Stretching may be carried out
after or while dyeing with iodine or followed by dyeing with
iodine. Alternatively, stretching may be carried out in an
aqueous solution of boric acid or iodine or a water bath.
[0072] The polarizing element has on its either or both
surfaces a transparent protection film. The protection film is
preferably excellent in transparency, mechanical strength,
thermal stability, moisture shielding capability, and isotropy.
Examples of materials of the protection film include polyes-
ter-based polymers such as polyethylene terephthalate and
polyethylene naphthalate; cellulose-based polymers such as
diacetyl cellulose and triacetyl cellulose; acryl-based poly-
mers such as ploymethyl methacrylate; styrene-based poly-
mers such as polystyrene and acrylonitrile styrene copoly-
mers (AS resin); and polycarbonate-based polymers. Another
examples of polymers used for forming the transparent pro-
tection film include polyolefin-based polymers such as cyclic
polyolefins having a cycloalkane structure or a norbornene
structure, polyethylenes, polypropylenes and ethylene propy-
lene copolymers; vinyl chloride-based polymers; amide-
based polymers such as nylon and aromatic polyamides;
imide-based polymers; sulfone-based polymers; polyether
sulfone-based polymers; polyetheretherketone-based poly-
mers; polyphenylene sulfide-based polymers; vinyl alcohol-
based polymers; vinylidene chloride-based polymers; vinyl
butyral-based polymers; arylate-based polymers; polyoxym-
ethylene-based polymers; epoxy-based polymers; and blends
of these polymers. Another examples include those produced
by forming acryl-, urethane-, acrylurethane-, epoxy-, and
silicone-based thermal or ultraviolet curing type resins, into
film shapes.

[0073] Particularly preferred transparent protection films
are triacetyl cellulose films and cyclic polyolefins having a
norbornene structure in view of planarity, polarization char-
acteristics and durability. The thickness of the protection film
can be appropriately selected but is generally on the order of
10 to 500 um in view of workability such as strength or
treatability and with the objective of making the film thinner.
The thickness is particularly preferably from 10 to 300 pm,
more preferably from 10 to 200 pm.

[0074] The transparent protection film is preferably color-
less as much as possible. Therefore, it is preferable to use a
transparent protection film with a retardation value in the film
thickness direction of —10 nm to +100 nm, which value is
represented by Rth=[(nx+ny)/2-nz2]xd (nx and ny indicate
the main refractive indices in the film plane, nz indicates the
refractive index in the thickness direction of the film, and d
indicates the film thickness). The use of a transparent protec-
tion film with a retardation value in the film thickness direc-
tion (Rth) of =10 nm to +100 nm can substantially dissolve
the coloration (optical coloration) of the polarizer caused by
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the transparent protection film. The retardation value in the
thickness direction (Rth) is more preferably form -10 nm to
+70 nm, particularly preferably from 0 nm to +50 nm. The
retardation value in the film plane represented by Re=(nx-
ny)xd is preferably 20 nm or less, more preferably 10 nm or
less, preferably as close to 0 nm as possible.

[0075] The polarizing element and transparent protection
film are adhered to each other via a water-based tacky adhe-
sive. Examples of the water-based tacky adhesive include
polyvinyl alcohol-based adhesives, gelatin-based adhesives,
vinyl-based latex, water-based polyurethanes, and water-
based polyesters.

[0076] The protection film may be subjected to hard coat or
anti-reflection treatment or various treatments for the pur-
poses of anti-sticking, diffusion, or anti-glare.

[0077] Thehard coat treatment is carried out for preventing
scratching on the polarizer surfaces by forming a curable film
with excellent hardness or slipping characteristics, with a
suitable acryl- or silicone-based ultraviolet curing resin, on
the protection film surface. The anti-reflection treatment is
carried out for preventing external light from reflecting on a
polarizer surface and may be achieved by forming an anti-
reflection film in accordance with a conventional manner. The
anti-sticking treatment is carried out for preventing adhesion
between the adjacent layers.

[0078] Theanti-glare treatment is carried out for preventing
the inhibition of visibility of a light transmitting through the
polarizer caused by the reflection of the natural light on a
polarizer surface, by forming fine irregularities on a protec-
tion film surface by roughing such as sand blasting or emboss-
ing or by blending transparent fine particles. Examples of the
fine particles to be blended for forming the fine irregularity on
the protection film surface include transparent fine particles,
for example, inorganic fine particles of an average particle
diameter of 0.5 to 50 pm, which may be electrically conduc-
tive, such as silica, alumina, titania, zirconia, tin oxide,
indium oxide, cadmium oxide, and antimony oxide and
organic fine particles such as cross-linked or uncross-linked
polymers. When the fine irregularity is formed on the protec-
tion film surface, the amount of the fine particles is usually
from 2 to 50 parts by weight, preferably from 5 to 25 parts by
weight, on the basis of 100 parts by weight of the transparent
resin forming the fine surface irregularity. The anti-glare layer
may also be a diffusion layer (having a function of enlarging
the viewing angle) for enlarging the light transmitting
through the polarizer and thus enlarging the viewing angle.
The anti-reflection layer, anti-sticking layer, diffusion layer
and anti-glare layer may be formed integrally on the protec-
tion film or may be formed as an additional optical layer
separately from the transparent protection layer.

[0079] There is no particular restriction on the first optical
anisotropic layer as long as it is excellent in transparency and
uniformity. However, the layer is preferably a polymeric
stretched film or an optical compensation film formed from a
liquid crystalline material. Examples of the polymeric
stretched film include uniaxial or biaxial retardation films
formed from cellulose-, polycarbonate-, polyarylate-,
polysulfone-, polyacryl-, polyethersulfone-, or cyclic olefin-
based polymers. The first optical anisotropic layers exempli-
fied herein may be composed of a polymeric stretched film or
an optical compensation film formed from a liquid crystalline
material alone or in combination. Among these polymeric
stretched films, preferred are cyclic olefin-based polymers
and cellulose-based polymers because they are cost effective
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and can restrain the change of color modulation of image
quality due to their film uniformity and small birefringence
wavelength dispersion. Examples of the optical film formed
from a liquid crystalline material include those comprised of
various liquid crystalline polymeric compounds of main
chain- and/or side chain-types, such as liquid crystalline poly-
esters, liquid crystalline polycarbonates, liquid crystalline
polyacrylates, or low molecular weight liquid crystalline
compounds having reactive groups which can be polymerized
by cross-linking or the like after being aligned. These films
may be a single-layered film with self-supportivity or formed
over a transparent supporting substrate.

[0080] Inthepresentinvention, the retardation value Rel of
the first optical anisotropic layer at a wavelength of 550 nm is
adjusted to from 120 to 250 nm. Rel is the retardation value
in the plane of the first optical anisotropic layer defined by
Rel=(nx1-ny1)xdl [nm] wherein d1 indicates the thickness
[nm] of the first optical anisotropic layer, nx1 and ny1 indi-
cate the main refractive indices in the plane of the first optical
anisotropic layer with respect to a 550 nm wavelength light,
andnx1>ny1. WhenRel is larger than 250 nm or smaller than
120 nm, the resulting viewing angle improving effects would
be poor.

[0081] TheNZ coefficient NZ1 of the first optical anisotro-
pic layer is adjusted to from 0.8 to 1.6, and particularly
preferably from 1.0to 1.4.Nz1is defined by NZ1=(nx1-nz1)/
(nx1-nyl) wherein nx1 and ny1 indicate the main refractive
indices in the plane of the first optical anisotropic layer with
respect to a 550 nm wavelength light, nz1 indicates the main
refractive index in the thickness direction of the first optical
anisotropic layer with respect to a 550 nm light and nx1>ny1.
When NZ1 is larger than 1.6 or smaller than 0.8, the resulting
viewing angle improving effects would be poor.

[0082] The first optical anisotropic layer is laminated over
the surface of a polarizing element opposite to the surface on
which a transparent protection film is laminated (attached).
The transparent protection film may be contained between the
polarizing element and the first optical anisotropic layer.
However, the first optical anisotropic layer is preferably lami-
nated directly on the polarizing element in view of durability
or thickness.

[0083] The second optical anisotropic layer used in the
present invention is a layer comprising at least a liquid crystal
film produced by fixing a liquid crystalline polymer exhibit-
ing an optically positive uniaxiality, more specifically a poly-
meric liquid crystalline compound exhibiting an optically
positive uniaxiality or a polymeric liquid crystal composition
containing at least one type of such polymeric liquid crystal-
line compounds and exhibiting an optically positive uniaxi-
ality, in a nematic hybrid alignment with an average tilt angle
of 5° to 50°, formed when the liquid crystalline polymeric
compound or composition is in a liquid crystal state.

[0084] The term “nematic hybrid alignment” used herein
refers to an alignment structure wherein the liquid crystal
molecules are aligned in a nematic alignment wherein the
angles of the directors of the liquid crystalline molecules
relative to the film upper surface and the lower film surface are
different from each other. Therefore, since the angles formed
by the directors and the film planes are different between the
vicinities of the upper and lower interfaces of the film, the
nematic hybrid alignment can be referred to as an alignment
wherein the angles vary continuously between the upper and
lower film surfaces. The aligned structure of the nematic
hybrid alignment is schematically shown in FIG. 2.
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[0085] 1In aliquid crystal film with a fixed nematic hybrid
alignment structure, the directors of the liquid crystalline
molecules are directed at different angles in all the positions
in the film thickness direction. Therefore, optical axis no
longer exists when the film is viewed as the whole film struc-
ture. A compensation film fixed in such a nematic hybrid
alignment is not optically equivalent at the film upper surface
and at the film lower surface. Therefore, when the second
optical anisotropic layer is arranged on the above-described
TN liquid crystal cell, the viewing angle enlarging effect
varies slightly depending on which surface faces the liquid
crystal cell side. In the present invention, the second optical
anisotropic layer is desirously arranged so that the surface in
which the angle formed by the director of the liquid crystal
polymer molecule and the film surface is larger, between the
upper and lower surfaces is adjacent most to the liquid crystal
cell.

[0086] Theterm “average tilt angle” used hereinrefers to an
average value of the angles defined between the directors of
the liquid crystalline molecules and a film plane, in the thick-
ness direction of the liquid crystal film. In the liquid crystal
film used in the present invention, the absolute value of the
angle formed by a director in the vicinity of one of the film
surfaces and the film surface is generally from 20 to 90
degrees, preferably from 40 to 90 degrees, more preferably
from 70 to 90 degrees while the absolute value of the angle
formed by the director and the other film surface is generally
from 0 to 20 degrees, preferably from 0 to 10 degrees. The
absolute value of the average tilt angle is generally from 5 to
50 degrees, preferably from 20to 45 degrees, more preferably
from 25 to 45 degrees, most preferably from 35 to 45 degrees.
The average tilt angle, if deviating from the above ranges,
would cause the contrast of the resulting liquid crystal display
device to decrease when the device is viewed from an oblique
direction. The average tilt angle can be determined by apply-
ing a crystal rotation method.

[0087] The liquid crystal film forming the second optical
anisotropic layer used in the present invention may be a film
formed from any liquid crystalline material with an optical
positive uniaxiality as long as it is fixed in a nematic hybrid
alignment and has a specific average tilt angle. For example,
the second optical anisotropic layer may be a liquid crystal
film produced by allowing a low molecular weight liquid
crystalline substance to be in a liquid crystal state, and then
aligning the substance in a nematic hybrid alignment and
fixing the alignment by photo- or thermal- cross-linking or a
liquid crystal film produced by allowing a liquid crystalline
polymer to be in a liquid crystal state, and then aligning the
polymer in a nematic hybrid alignment and fixing the align-
ment by cooling. The term “liquid crystal film” used herein
refers to those produced by forming a liquid crystalline sub-
stance such as a low molecular weight or polymeric liquid
crystalline substance into a film, regardless of whether or not
the liquid crystal film itself exhibits liquid crystallinity.

[0088] Next, a method for producing the liquid crystal film
used in the present invention will be described below.
Although not restricted, the liquid crystal film may be pro-
duced by spreading the above-described liquid crystalline
compound or composition over a substrate with alignability
so as to be aligned and fixed in an aligned state by cooling and
if necessary photo-irradiation and/or heat treatment. There is
a case where the above-described first optical anisotropic
layer may be used as such a substrate with alignability.
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[0089] Examples of the method of forming a liquid crystal
layer by spreading a liquid crystalline compound or compo-
sition over a substrate with alignability include a method
wherein a liquid crystalline compound or composition in a
molten state is directly coated over a substrate or a method
wherein a solution of a liquid crystalline compound or com-
position is coated over a substrate and dried to evaporate the
solvent.

[0090] Regardless of whether the liquid crystalline com-
pound or composition is coated directly or in the form of a
solution, there is no particular restriction on the method of
coating the liquid crystalline compound or composition as
long as the uniformity of the film layer can be maintained. For
example, there may be used spin coating, die coating, curtain
coating, dip coating, and roll coating methods.

[0091] The coating of a solution of a liquid crystalline
compound or composition is preferably followed by a drying
step for removal of the solvent after coating. There is no
particular restriction on the drying step as long as it can
maintain the uniformity of the coated film, which may be any
conventional method. For example, there may be used a
method using a heater (furnace) or a hot air blowing.

[0092] Next, theliquid crystal layer formed on the substrate
is aligned in a liquid crystal state by heat treatment or the like
and then cured by cooling and if necessary photo-irradiation
and/or a heat treatment so as to be fixed in the alignment.
During the first heat treatment, the liquid crystal composition
is heated to a temperature in such a range that the liquid
crystal composition exhibits a liquid crystal phase, so as to be
aligned in a nematic hybrid alignment by its peculiar self-
alignability. Since the conditions for the heat treatment vary
in optimum conditions and limits depending on the liquid
crystal phase behavior temperature (transition temperature)
of the liquid crystal composition to be used, it can not be
determined with certainty. However, the heat treatment is
carried out at a temperature within the range of usually 10 to
250° C., preferably 30 to 160° C., more preferably at a tem-
perature higher than the Tg of the liquid crystal composition,
more preferably at a temperature higher by 10° C. or higher
than the Tg of the liquid crystal composition. A too low
temperature is not preferable because there is a possibility
that the liquid crystal composition may not be aligned suffi-
ciently, while a too high temperature is not also preferable
because the substrate may be adversely affected. The heat
treatment is carried out for usually 3 seconds to 30 minutes
and preferably 10 seconds to 20 minutes. A heat treatment for
shorter than 3 seconds is not preferable because there is a
possibility that the liquid crystalline composition may not be
aligned in a liquid crystal phase completely. Whereas, a heat
treatment for longer than 30 minutes is not also preferable
because the productivity is diminished.

[0093] In the case where there arise problems that the sub-
strate is not optically isotropic, that the resulting liquid crystal
film is opaque at a wavelength region where it is intended to
be used, or that the alignment substrate is so thick that it
causes a problem in practical use, the liquid crystal layer
formed on the substrate may be transferred to another sub-
strate which would not cause a problem at a wavelength
region where it is intended to be used or a stretched film
having a retardation function. The transferring method may
be any conventional method. For example, as disclosed in
Japanese Patent Laid-Open Publication Nos. 4-57017 and
5-333313, a method may be used in which after a substrate
different from the substrate used for aligning is laminated via
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a tacky adhesive or adhesive described below over a liquid
crystal layer on the alignment substrate and if necessary a
tacky adhesive or adhesive is coated over the other surface, on
which the liquid crystal film layer is not laminated, of the
substrate film for transferring and then cured, only the liquid
crystal film is transferred on the substrate film for transferring
by releasing the alignment substrate.

[0094] In order that the elliptical polarizer produced by
laminating the liquid crystal film exhibit more suitable view-
ing angle improving effects for a liquid crystal display device,
the suitable thickness of the liquid crystal film can not be
determined with certainty because it depends on the mode of
a liquid crystal display device or various optical parameters
but is usually from 0.2 um to 10 um, preferably from 0.3 pm
to 5 um, more preferably from 0.5 pm to 2 um. A film thick-
ness of less than 0.2 um would fail to obtain sufficient improv-
ing effect (compensation). A film thickness of greater than 10
um would cause unnecessary coloration on a liquid crystal
display device.

[0095] With regard to an apparent retardation value in the
plane of a liquid crystal film when viewed from the normal
direction thereof, the refractive index (n,) in the direction
parallel to directors is different from the refractive index (n,)
in the direction perpendicular to directors, in a liquid crystal
film with a fixed nematic hybrid alignment structure and,
therefore, assuming that the value obtained by subtracting n,
from n, be an apparent birefringence, an apparent retardation
value is given as the product of the apparent birefringence and
the absolute film thickness. This apparent retardation value is
easily obtained by a polarization optical measurement such as
ellipsometry. The apparent retardation value of the liquid
crystal film used as the compensation element is usually from
30 to 150 nm, preferably from 30 to 130 nm, particularly
preferably from 30 to 100 nm with respect to a monochromic
light of 550 nm. An apparent retardation value of smaller than
30 nm would result in failure to attain a sufficient viewing
angle widening effect. An apparent retardation value of larger
than 150 nm would cause unnecessary coloration on the lig-
uid crystal display device when viewed obliquely.

[0096] Next, description will be given of a method for
producing the elliptical polarizer of the present invention.
[0097] There is no particular restriction in the order of
laminating the components of the polarizer as long as they are
structured in the order of the polarizer/first optical anisotropic
layer/second optical anisotropic layer (the tacky adhesive or
adhesive layer is omitted).

[0098] For example, they may be laminated in the order
wherein (1) the polarizer, first optical anisotropic layer and
second optical anisotropic layer are laminated in such a suit-
able order that they are constructed as described above, (2) the
first optical anisotropic layer and the second optical anisotro-
pic layer are laminated in turn on the polarizer, and (3) the
polarizer is laminated on the first optical anisotropic layer and
second optical anisotropic layer laminated in advance.
[0099] There is no particular restriction on the tacky adhe-
sive or adhesive (hereinafter collectively referred to as “tacky/
adhesive”) forming the tacky adhesive layer or adhesive layer
used for lamination as long as they have enough adhesivity to
the optical anisotropic layers and do not harm the optical
characteristics thereof. Examples include those containing a
polymer such as an acrylic resin-based polymer, a meth-
acrylic resin-based polymer, a silicone-based polymer, a
polyester, a polyurethane, a polyamide, a polyether, or an
epoxy resin-, ehtylene-vinyl acetate copolymer-, fluorine- or
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rubber-based polymer as a base polymer, and a mixture
thereof. The tacky/adhesive may also be any of various reac-
tive adhesives such as those of thermal curing and/or photo
curing types, and electron radiation curing types. The tacky/
adhesive may be an adhesive having a function of a transpar-
ent protection layer for protecting the optical anisotropic
layers. It is particularly preferable to use a tacky adhesive
such as an acrylic tacky adhesive which is excellent in optical
transparency and in weather resistance and heat resistance
and exhibits tackiness characteristics such as moderate wet-
ness, cohesivity and adhesivity.

[0100] The tacky adhesive layer may be formed by any
suitable method. Examples of the method include a method
wherein a base polymer or a composition thereof'is dissolved
or dispersed in a solvent containing toluene or ethyl acetate
alone or in combination thereby preparing a tacky/adhesive
solution containing 10 to 40 percent by mass of the adhesive,
which solution is then directly laid over the above-described
optical anisotropic layer by an appropriate developing
method such as casting or coating or a method wherein a
tacky/adhesive layeris formed in accordance with the method
as described above on a separator and then transferred onto
the optical anisotropic layers. The tacky/adhesive layer may
contain additives such as natural or synthetic resins, in par-
ticular fillers or pigments containing tackiness-imparting res-
ins, glass fibers, glass beads, metal powders, and other inor-
ganic powders, dyes, and anti-oxidants. The tacky/adhesive
layer may contain fine particles so as to exhibit light diffusiv-
ity.

[0101] When the optical anisotropic layers are attached to
one another via a tacky/adhesive layer, they may be subjected
to a surface treatment so as to improve their adhesivity to the
tacky/adhesive layer. There is no particular restriction on the
method of the surface treatment. There may be suitably used
asurface treatment such as corona discharge, sputtering, low-
pressure UV irradiation, or plasma treatment, which can
maintain the transparency of the liquid crystal film surface.
Among these surface treatments, corona discharge treatment
is excellent.

[0102] The liquid crystal cell used in the present invention
will be described. When the TN type liquid crystal cell is
classified by its driving mode, it can be segmentalized into a
simple matrix mode and an active matrix mode using active
electrodes such as TFT (Thin Film Transistor) electrodes and
TFD (Thin Film Diode) electrodes. The present invention can
exhibit significant effects for a TN type liquid crystal cell of
any driving mode.

[0103] The TN type liquid crystal cell used in the present
invention has a retardation in the plane (Re) represented by
the product of the refractive index anisotropy of the liquid
crystal in the cell (An) and the thickness of the liquid crystal
layer in the cell (d), within the range of usually from 250 to
520 nm, preferably from 300 to 500 nm, particularly prefer-
ably from 350 to 450 nm. If the retardation is larger than 520
nm, the cell would be poor in viewing angle improving effects
when combined with a compensation film described below
and would be slow in response speed. If the retardation is less
than 250 nm, the cell is improved in viewing angle but would
be reduced in front brightness or contrast when combined
with the compensation film.

[0104] The liquid crystal molecules in the TN type liquid
crystal cell is preferably provided with pre-tilt angle in order
to diminish a deficiency in alignment of the molecules. The
pre-tilt angle is usually 5° or smaller.

May 19,2011

[0105] 1In general, the longitudinal axes of the nematic lig-
uid crystal in the TN-type liquid crystal cell are twisted at an
angle of 90° between the upper and lower substrates. When no
electric voltage is applied to the NW mode TN-LCD. linearly
polarized incident light exits at a twisted angle of 90° due to
the optical rotation characteristics of the cell. When an elec-
tric voltage is applied, the longitudinal axes of the liquid
crystal molecules are aligned in the electric field direction,
and thus the optical rotation characteristics are lost. There-
fore, the twisted angle of the TN type liquid crystal cell used
in the present invention is usually from 70° to 110°, prefer-
ably from 85° to 95° in order to obtain the optical rotation
characteristics sufficiently. The twisted direction of the liquid
crystal molecules in the TN type liquid crystal cell may beleft
or right.

[0106] The configuration of the TN type liquid crystal dis-
play device using the elliptical polarizer of the present inven-
tion will be described.

[0107] The TN type liquid crystal display device of the
present invention contains at least one sheet of the elliptical
polarizer of the present invention but preferably contains one
sheet of the elliptical polarizer on each side of the TN type
liquid crystal cell. That is, the TN type liquid crystal display
device is constructed in the order of “elliptical polarizer (in
the order of polarizer/first optical anisotropic layer/second
optical anisotropic layer)/TN type liquid crystal cell/elliptical
polarizer (in the order of second optical anisotropic layer/first
optical anisotropic layer/polarizer)/backlight from the view-
er’s side.

[0108] The angle defined by the pre-tilt direction of the
liquid crystal layer in the liquid crystal cell and the tilt direc-
tion of the second optical anisotropic layer formed of a liquid
crystal film fixed in a nematic hybrid alignment is preferably
from 150 to 180 degrees, more preferably from 160 to 180
degrees, particularly preferably from 170 to 180 degrees. If
the angle is smaller than 150 degrees, sufficient viewing angle
compensation effect may not be obtained.

[0109] Theangle defined by the slow axis of the first optical
anisotropic layer and the tilt direction of the second optical
anisotropic layer is preferably from 60 to 90 degrees, more
preferably from 70 to 90 degrees, particularly preferably from
80 to 90 degrees. If the angle is smaller than 60 degrees,
sufficient viewing angle compensation effect may not be
obtained.

[0110] The angle defined by the absorption angle of the
polarizer and the slow axis of the first optical anisotropic layer
is preferably from 60 to 90 degrees, more preferably from 70
to 90 degrees, particularly preferably from 80 to 90 degrees.
If the angle is smaller than 60 degrees, sufficient viewing
angle compensation effect may not be obtained.

[0111] In addition to the above-described components, the
liquid crystal display device of the present invention may be
provided with other components. For example, the liquid
crystal display device may be equipped with various types of
retardation films produced by stretching transparent plastic
films or sheets, films with a fixed liquid crystal alignment,
light diffusion layers, backlights, light controlling films, light
guide plates, prism sheets and color filters. The components
may be appropriately selected from those that have been
conventionally used.

EXAMPLES

[0112] The present invention will be further described in
the following examples and comparative examples, but the
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present invention should not be construed as being limited
thereto. The retardations (Re)in the examples are values at a
wavelength of 550 nm, unless stated otherwise.

[0113] The refractive index and retardation of each optical
film was determined by measuring the film plane and thick-
ness main refractive indices nx, ny and nz with an automatic
birefringence analyzer (KOBRA21ADH manufactured by
Oji Scientific Instruments). The viewing angle (contrast con-
tour lines) of each liquid crystal display device was measured
with a viewing angle measuring instrument (EZ contrast
160R manufactured by ELDIM).

Example 1

(Polarizing Element)

[0114] A polyvinyl alcohol film was immersed in warm
water to expand and then dyed with an iodine/ potassium
iodide solution. The film was uniaxially stretched in a boric
acid aqueous solution thereby producing a polarizing ele-
ment. As the result of measurement of the single transmit-
tance, average transmittance and crossed transmittance of the
polarizing element with a spectrophotometer, the transmit-
tance and polarization efficiency were found to be 43.5% and
99.9%, respectively.

(First Optical Anisotropic Layer)

[0115] A 100 pm thickness norbornene unstretched film
(Afton film manufactured by JSR Corporation) was biaxially
stretched lengthwise and crosswise at 230° C. The resulting
stretched film had a thickness of 80 pm, a retardation value
Rel of approximately 220 nm, and an NZ coefficient NZ1 of
1.2.

(Second Optical Anisotropic Layer)

[0116] A second optical anisotropic layer formed of a lig-
uid crystal film having a thickness of 0.65 um and fixed in a
nematic hybrid alignment wherein the average tilt anglein the
thickness direction was 44 degrees was produced in accor-
dance with the disclosure of Japanese Patent Laid-Open Pub-
lication No. 6-347742. The retardation value of the second
optical anisotropic layer was 70 nm.

(Elliptical Polarizer)

[0117] A triacetyl cellulose (TAC) film (40 um, manufac-
tured by Fuji Photo Film Co., Ltd.) was immersed in an
aqueous solution of 2 mass % of potassium hydroxide at room
temperature for 5 minutes to be saponified, and washed
through flowing water and dried. The resulting saponified
TAC film was attached via an acrylic adhesive on one of the
surfaces of the polarizing element produced above thereby
forming a transparent protection layer. The first optical aniso-
tropic layer was attached via a tacky adhesive on the other
surface of the polarizing element so that its slow axis is
orthogonal to the absorption axis of the polarizing element.
The second optical anisotropic layer was attached via a tacky
adhesive on the first optical anisotropic layer so that its slow
axis is parallel to the absorption axis of the polarizing element
thereby producing an elliptical polarizer.

(Liquid Crystal Display Device)

[0118] Referring to FIG. 3, the configuration of a liquid
crystal display device equipped with the elliptical polarizer
produced above will be described. The axis arrangement of
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the device will be described with reference to FIG. 4. On a
substrate 1 is arranged a transparent electrode 3 formed from
a highly transmissive material such as ITO while on a sub-
strate 2 is arranged a counter electrode 4 formed from a highly
transmissive material such as ITO. A liquid crystal layer 5
formed from a liquid crystalline material exhibiting a positive
dielectric anisotropy is sandwiched between the transparent
electrode 3 and the counter electrode 4. An elliptical polarizer
15 (composed of second optical anisotropic layer 11, first
optical anisotropic layer 12, polarizing element 7 and trans-
parent protection film 9) is arranged on the side of the sub-
strate 2, opposite to the side on which the counter electrode 4
is formed while an elliptical polarizer 16 (composed of sec-
ond optical anisotropic layer 13, a first optical anisotropic
layer 14,a polarizing element 8 and transparent protection
film 10) is arranged on the side of the substrate 1, opposite to
the side on which the transparent electrode 3 is formed. A
backlight 17 is arranged in the rear side of the transparent
protection film 10, as viewed from the viewer.

[0119] The liquid crystal cell 6 used in this example was
produced using ZI.1-4792 manufactured by Merck Ltd as a
liquid crystalline material so that the liquid crystal layer
thickness was 4.2 pm. The pre-tilt angle of the liquid crystal
layer at the both substrate interfaces was 3 degrees, while Re
of the liquid crystal cell was approximately 415 nm. FIG. 4
shows the absorption axis of the polarizing element, the slow
axes of the first and second optical anisotropic layers, and the
pre-tilt direction at the both liquid crystal cell interfaces.
[0120] FIG. 5 shows the contrast ratio from all the direc-
tions defined by the transmissivity ratio of white image 0 V
and black image 5 V “(white image)/(black image)”. The
solid line indicates a contrast ratio of 50. The concentric
circles each indicate the same viewing angle and drawn to be
at an interval of 20 degrees. Therefore, the outermost circle
indicates 80 degrees from the center (the same is applied to
the subsequent drawings).

[0121] From FIG. 5, it was confirmed that the liquid crystal
display device had excellent viewing angle characteristics.

Example 2

[0122] A liquid crystal display device that is similar to the
device of Example 1 was produced with the same procedures
except that the retardation Re1 and NZ coefficient NZ1 of the
first optical anisotropic layer were 240 nm and 1.0, respec-
tively, and the average tilt-angle and retardation of the second
optical anisotropic layer were 37 degrees and 80 nm, respec-
tively. FIG. 6 shows the contrast ratio from all the directions
defined by the transmissivity ratio of white image 0 V and
black image 5V “(white image)/(black image)”.

[0123] From FIG. 6, it was confirmed that the liquid crystal
display device had excellent viewing angle characteristics.

Example 3

[0124] A liquid crystal display device that is similar to the
device of Example 1 was produced with the same procedures
except that the first optical anisotropic layer was produced by
biaxially stretching a TAC film with a thickness of 50 pm
(manufactured by Konica Minolta Opto, Inc.) at 160° C. and
the retardation Rel and NZ coefficient NZ1 thereof were
approximately 220 nm and 1.2, respectively.

[0125] FIG. 7 shows the contrast ratio from all the direc-
tions defined by the transmissivity ratio of white image 0 V
and black image 5V “(white image)/(black image)”.
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[0126] From FIG.7, it was confirmed that the liquid crystal
display device had excellent viewing angle characteristics.

Comparative Example 1

[0127] A liquid crystal display device that is similar to the
device of Example 1 was produced with the same procedures
except that the positions of the first and second optical aniso-
tropic layers 12, 11 were switched to one another and the
positions of the first and second optical anisotropic layers 14,
13 were switched to one another. The schematic configuration
of the liquid crystal display device is shown in FIG. 8. The
pre-tilt directions of the polarizing element, first and second
optical anisotropic layers and the both liquid crystal cell
interfaces are the same as those of Example 1 (FIG. 4).
[0128] FIG. 9 shows the contrast ratio from all the direc-
tions defined by the transmissivity ratio of white image 0 V
and black image 5V “(white image)/(black image)”.

[0129] With regard to viewing angle characteristics,
Fxample 1 and Comparative Example 1 are compared. From
FIGS. 5 and 9, it is confirmed that Comparative Example 1
was inferior in viewing angle characteristics to Example 1.

Comparative Example 2

[0130] A liquid crystal display device that is similar to the
device of Example 1 was produced with the same procedures
except that the first optical anisotropic layers 12, 14 were
omitted. The schematic configuration of the liquid crystal
display device is shown in FIG. 10.

[0131] FIG. 11 shows the contrast ratio from all the direc-
tions defined by the transmissivity ratio of white image 0 V
and black image 5V “(white image)/(black image)”.

[0132] With regard to viewing angle characteristics,
Example 1 and Comparative Example 2 are compared. From
FIGS. 5 and 11, it is confirmed that viewing angle character-
istics were significantly improved using the first optical
anisotropic layers.

Comparative Example 3

[0133] Aliquid crystal display device was produced which
was the same in the laminate configuration but different in the
axis configuration from those of Comparative Example 2. The
absorption axes of the polarizing elements 7, 8, the tilt-direc-
tions of the liquid crystal films 11, 12 and the pre-tilt direction
at the both interfaces of the liquid crystal cell 6 were arranged
as shown in FIG. 12. FIG. 13 shows the contrast ratio from all
the directions defined by the transmissivity ratio of white
image 0V and black image 5 V “(white image)/(black image)

[0134] With regard to viewing angle characteristics,
Example 1 and Comparative Example 3 are compared. From
FIGS. 5 and 13, it is confirmed that viewing angle charactet-
istics were significantly improved using the first optical
anisotropic layers.

[0135] The present invention is significantly large in indus-
trial value because the present invention provides an elliptical
polarizer that can significantly improve viewing characteris-
tics of both contrast and gradation inversion and can provide
aliquid crystal display device that is high in contrast and less
in viewing angle dependency by equipping the elliptical
polarizer on the liquid crystal cell.

[0136] It will be appreciated by those skilled in the art that
changes could be made to the embodiments described above
without departing from the broad inventive concept thereof. It
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is understood, therefore, that this invention is not limited to
the particular embodiments disclosed, but it is intended to
cover modifications within the spirit and scope of the present
invention as defined by the appended claims.

1. An elliptical polarizer comprising:

a polarizer;

a first optical anisotropic layer; and

a second optical anisotropic layer, laminated in this order,

the first optical anisotropic layer satisfying the require-

ments [1] and [2] below and being disposed so that the
slow axis thereof is orthogonal to the absorption axis of
the polarizer, the second optical anisotropic layer being
a liquid crystal film having a retardation value in the
plane of 30 to 150 nm with respect to a 550 nm wave-
length light and fixed in a nematic hybrid alignment
wherein the average tilt angle of the liquid crystal mol-
ecules of a liquid crystalline polymer exhibiting a posi-
tive optical uniaxiality is from 5° to 50° and being dis-
posed so that the aligned direction of the second optical
anisotropic layer is parallel to the absorption axis of the
polarizer, and the elliptical polarizer being used in a
twisted nematic (TN) type liquid crystal display device
so that the second optical anisotropic layer is disposed
on the liquid crystal cell side of the device:

[1]0.8=NZ1=1.6

[2] 120=Rel1=250

wherein NZ1=(nx1-nz1)/(nx1-nyl), Rel indicates the

retardation value in the plane of the first optical aniso-
tropic layer defined by Rel=(nxl-nyl)xdl [nm]
wherein d1 indicates the thickness [nm] of the first opti-
cal anisotropic layer, nx1 and nyl indicate the main
refractive indices in the plane of the first optical aniso-
tropic layer with respect to a 550 nm wavelength light,
nz1 indicates the main refractive index in the thickness
direction of the first optical anisotropic layer with
respect to a 550 nm light, and nx1>ny1.

2. The elliptical polarizer according to claim 1, wherein the
first optical anisotropic layer comprises a thermoplastic poly-
mer containing a cyclic polyolefin resin.

3. The elliptical polarizer according to claim 1, wherein the
first optical anisotropic layer comprises a thermoplastic poly-
mer containing a cellulosic resin.

4. A TN type liquid crystal display device containing at
least one elliptical polarizer according to claim 1.

5. A'TN type liquid crystal display device comprising:

a first polarizer;

a first optical anisotropic layer;

a second optical anisotropic layer;

a TN type liquid crystal cell;

a second optical anisotropic layer;

a first optical anisotropic layer;

a second polarizer; and

a backlight, arranged in this order from the viewing side,

the first optical anisotropic layers satisfying the require-

ments [1] and [2] below, the first optical anisotropic
layer on the viewing side being disposed so that the slow
axis thereof is orthogonal to the absorption axis of the
first polarizer, the first optical anisotropic layer on the
backlight side being disposed so that the slow axis
thereof is orthogonal to the absorption axis of the second
polarizer, each of the second optical anisotropic layers
being a liquid crystal film having a retardation value in
the plane of 30 to 150 nm with respect to a 550 nm
wavelength light and fixed in a nematic hybrid align-
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ment wherein the average tilt angle of the liquid crystal
molecules of a liquid crystalline polymer exhibiting a
positive optical uniaxiality is from 5° to 50°, the second
optical anisotropic layer on the viewing side being dis-
posed so that the aligned direction thereof is parallel to
the absorption axis of the first polarizer, and the second
optical anisotropic layer on the backlight side being
disposed so that the aligned direction thereof is parallel
to the absorption axis of the second polarizer:

[1]0.8=NZI1=1.6

[2] 120=Rel=250

wherein NZ1=(nx1-nz1)/(nx1-nyl), Rel indicates the

retardation value in the plane of each of the first optical
anisotropic layers defined by Rel=(nx1-ny1)xdl [nm]
wherein d1 indicates the thickness [nm]| of each of the
first optical anisotropic layers, nx1 and ny! indicate the
main refractive indices in the plane of each of the first
optical anisotropic layers with respect to a 550 nm wave-
length light, nzl indicates the main refractive index in the
thickness direction of each of the first optical anisotropic
layers with respect to a 550 nm light, and nx1>ny1.

6. The TN type liquid crystal display device according to
claim 4, wherein the first optical anisotropic layers each com-
prise a thermoplastic polymer containing a cyclic polyolefin
resin.

7. The TN type liquid crystal display device according to
claim 4, wherein the first optical anisotropic layers each com-
prise a thermoplastic polymer containing a cellulosic resin.

8. The TN type liquid crystal display device according to
claim 4, wherein upon application of no electric voltage, the
aligned direction of the liquid crystal molecules on the cell
substrate on the viewing side, in the TN type liquid crystal cell
is antiparallel to the aligned direction of the liquid crystal film
fixed in a nematic hybrid alignment forming the second opti-
cal anisotropic layer on the viewing side, and the aligned
direction of the liquid crystal molecules on the cell substrate
on the backlight side is antiparallel to the aligned direction of
the liquid crystal film fixed in a nematic hybrid alignment
forming the second optical anisotropic layer on the backlight
side.

9. The TN type liquid crystal display device according to
claim 5, wherein the first optical anisotropic layers each com-
prise a thermoplastic polymer containing a cyclic polyolefin
resin.
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10. The TN type liquid crystal display device according to
claim 5, wherein the first optical anisotropic layers each com-
prise a thermoplastic polymer containing a cellulosic resin.

11. The TN type liquid crystal display device according to
claim 5, wherein upon application of no electric voltage, the
aligned direction of the liquid crystal molecules on the cell
substrate on the viewing side, in the TN type liquid crystal cell
is antiparallel to the aligned direction of the liquid crystal film
fixed in a nematic hybrid alignment forming the second opti-
cal anisotropic layer on the viewing side, and the aligned
direction of the liquid crystal molecules on the cell substrate
on the backlight side is antiparallel to the aligned direction of
the liquid crystal film fixed in a nematic hybrid alignment
forming the second optical anisotropic layer on the backlight
side.

12. The TN type liquid crystal display device according to
claim 6, wherein upon application of no electric voltage, the
aligned direction of the liquid crystal molecules on the cell
substrate on the viewing side, in the TN type liquid crystal cell
is antiparallel to the aligned direction of the liquid crystal film
fixed in a nematic hybrid alignment forming the second opti-
cal anisotropic layer on the viewing side, and the aligned
direction of the liquid crystal molecules on the cell substrate
on the backlight side is antiparallel to the aligned direction of
the liquid crystal film fixed in a nematic hybrid alignment
forming the second optical anisotropic layer on the backlight
side.

13. The TN type liquid crystal display device according to
claim 7, wherein upon application of no electric voltage, the
aligned direction of the liquid crystal molecules on the cell
substrate on the viewing side, in the TN type liquid crystal cell
is antiparallel to the aligned direction of the liquid crystal film
fixed in a nematic hybrid alignment forming the second opti-
cal anisotropic layer on the viewing side, and the aligned
direction of the liquid crystal molecules on the cell substrate
on the backlight side is antiparallel to the aligned direction of
the liquid crystal film fixed in a nematic hybrid alignment
forming the second optical anisotropic layer on the backlight
side.
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9, Transparent protection film

7. First polarzing element

12. Firsi optical anisntropic layer

11. Second optical anisotropic layer

2. Substrate

4, Counter electrode

5. Liquid erystal layer

3. Transparent electrode

1. Substrate

13. Second optical andsotropic layer

14, Fixst optical anisotropic layer

8. Second polatizing element

10, Transparent protection film

17, Backlight

patsnap

% 15, Elliptical polarizer

> 6. Liquid crystal cell

S

j 16, Elliptical polarizer
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