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ELLIPTICAL POLARIZER AND VERTICAL
ALIGNMENT TYPE LIQUID CRYSTAL
DISPLAY DEVICE USING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to elliptical polarizers
with excellent viewing angle characteristics and liquid crystal
display devices, in particular vertical alignment type liquid
crystal display devices where liquid crystal molecules are
aligned vertically with respect to the substrates when no
electric voltage is applied.

BACKGROUND ART

[0002] As one example of the display modes of a liquid
crystal display device, there is a vertical alignment mode
wherein the liquid crystal molecules in the liquid crystal cell
are aligned vertically with respect to the substrates thereof
under the initial conditions. When no electric voltage is
applied, the liquid crystal molecules are aligned vertically
with respect to the substrates. Therefore, a black image is
obtained if linear polarizers are arranged on the both sides of
the liquid crystal cell perpendicularly to one another.

[0003] The optical property in the liquid crystal cell is
isotropic in the plane direction, and thus ideal viewing angle
compensation is easily achieved. In order to compensate a
positive uniaxial anisotropy in the liquid crystal cell thickness
direction, an optical element with a negative uniaxial anisot-
ropy in the thickness direction is inserted between one or both
surface of the liquid crystal cell and the linear polarizers,
resulting in extremely excellent black display viewing angle
characteristics.

[0004] When an electric voltage is applied, the liquid crys-
tal molecules changes in alignment from the direction vertical
to the substrate surfaces toward the direction parallel thereto.
Thereupon, it is difficult to align uniformly the liquid crystal
molecules. The use of a conventional alignment treatment,
i.e., rubbing treatment leads to a significant deterioration in
display quality.

[0005] In order to align uniformly the liquid crystal mol-
ecules when an electric voltage is applied, a proposal was
made wherein the shapes of electrodes on the substrate are
modified to generate an oblique electric field in the liquid
crystal layer. According to this proposal, although a uniform
liquid crystal molecule alignment is achieved, nonuniformly
aligned regions if viewed microscopically are formed and
become dark regions when an electric voltage is applied.
Therefore, the liquid crystal display device is decreased in
transmissivity.

[0006] According to Patent Document 1 below, a proposal
was made wherein circular polarizers are replaced for linear
polarizers arranged on both sides of an liquid crystal element
having a random-aligned liquid crystal layer. The use of cir-
cular polarizers each comprising a linear polarizer combined
with a /4 wavelength plate in place of the linear polarizers can
eliminate dark regions formed when an electric voltage is
applied and accomplish the production of a liquid crystal
display device with a higher transmissivity. However, a ver-
tical alignment type liquid crystal display device with circular
polarizers has a problem that the viewing angle characteris-
tics are narrower than a vertical alignment type liquid crystal
display device with linear polarizers. According to Patent
Document 2 below, it is proposed to use an optically aniso-
tropic element with a negative uniaxial anisotropy or a biaxial
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optically anisotropic material in order to compensate the
viewing angle of the vertical alignment type liquid crystal
display device with circular polarizers. However, the opti-
cally anisotropic element with a negative uniaxial anisotropy
can compensate the positive uniaxial optical anisotropy in the
liquid crystal cell thickness direction but can not compensate
the viewing angle characteristics of a ¥4 wavelength plate,
resulting in a failure to obtain sufficient viewing angle char-
acteristics. Further, upon production of the biaxial optically
anisotropic material, NZ defined as Nz=(nx-nz)/(nx-ny) is
-1.0<Nz<0.1 wherein nx and ny indicate the main refractive
indices in the plane of the resulting optically anisotropic
plate, nz indicate the refractive index in the thickness direc-
tion, and nx>ny. Therefore, there is a limit in stretching in the
thickness direction and thus the retardation in the thickness
direction cannot be controlled within a wide range. Further,
since in the foregoing production method, an elongate film is
stretched in the thickness direction by utilizing the heat-
contraction ofa heat contractive film, the resulting retardation
plate becomes thicker than the original elongate film. The
thickness of the retardation film produced by the method is
from 50 to 100 pm and was insufficient for low profiling
required in liquid crystal display devices or the like.

[0007] In order to compensate the viewing angle of a ver-
tical alignment type liquid crystal display device with circular
polarizers, Patent Documents 3 and 4 below proposes a struc-
ture wherein three types of elements such as an optically
anisotropic element with a negative uniaxial optical anisot-
ropy for compensating the liquid crystal cell, a compensation
layer that is large in refractive index in the thickness direction
for compensating the viewing angle of the Y4 wavelength
plate and a polarizer compensating film are combined. How-
ever, when each of these 3 types of the films are arranged on
both sides of the display device, 6 sheets of the films in total
are used and further A/4 plates are used on both sides for
imparting a circular polarizer function, resulting in the use of
8 sheets of these films. Therefore, they can significantly
improve the viewing angle but are not practical in view of
production cost and thickness.

PRIOR ART DOCUMENTS
Patent Documents

[0008] Patent Document 1: Japanese Patent Application
Laid-Open Publication No. 2002-40428

[0009] Patent Document 2: Japanese Patent Application
Laid-Open Publication No. 2003-207782

[0010] Patent Document 3: Japanese Patent Application
Laid-Open Publication No. 2002-55342

[0011] Patent Document 4: Japanese Patent Application
Laid-Open Publication No. 2006-85203
DISCLOSURE OF INVENTION
Technical Problem

[0012] The present invention has an object to provide an
elliptical polarizer which is inexpensive and excellent in
viewing angle characteristics, for a vertical alignment type
liquid crystal display device and a vertical alignment type
liquid crystal display device.

Solution to Problem

[0013] As the results of the extensive researches and stud-
ies, the present invention was accomplished on the basis of
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the finding that the object was achieved with an elliptical
polarizer described below and a vertical alignment type liquid
crystal display device equipped with the same.

[0014] That is, the present inventions are as follows.
[0015] [1] an elliptical polarizer comprising at least a first
polarizer, a first optically anisotropic layer, a second optically
anisotropic layer, and a third optically anisotropic layer, lami-
nated in this order,

wherein

the first optically anisotropic layer satisfies the following
requirements [1] to [3]:

S0<Rel =500 [1]
30=Rth1=750 2]
0.6<Rih1/Rel<1.5 3]

wherein Rel and Rth1 denote the retardation values in the
plane and thickness direction of the first optically anisotropic
layer, respectively and are defined as Rel=(nx1-nyl)xdl
[nm] and Rth1={(nx1+ny1)/2-nz1}xd1 [nm], respectively
wherein d1 indicates the thickness of the first optically aniso-
tropic layer, nx1 and ny1 indicate the main refractive indices
in the plane of the first optically anisotropic layer with respect
to a light of a wavelength of 550 nm, nz1 indicates the main
refractive index in the thickness direction of the first optically
anisotropic layer with respect to a light of'a wavelength of 550
nm, and nx1>nyl=nzl;

the second optically anisotropic layer satisfies the following
requirements [4] and [5]:

0=Re2=20 [4]

—500=Rth2=-30 [5]

wherein Re2 and Rth2 denote the retardation values in the
plane and thickness direction of the second optically aniso-
tropic layer, respectively and are defined as Re2=(nx2-ny2)x
d2 [nm] and Rth2={(nx2+ny2)/2-nz2}xd2 [nm], respec-
tively wherein d2 indicates the thickness of the second
optically anisotropic layer, nx2 and ny2 indicate the main
refractive indices in the plane of the second optically aniso-
tropic layer with respect to alight of a wavelength of 550 nm,
nz2 indicates the main refractive index in the thickness direc-
tion of the second optically anisotropic layer with respect to a
light of a wavelength of 550 nm, and nz2>nx2=ny2; and
the third optically anisotropic layer satisfies the following
requirements [6] to [8]:

100=Re3=180 [6]
50=<Rh3=600 il
0.5=Rih3/Re3=<3.5 8]

wherein Re3 and Rth3 denote the retardation values in the
plane and thickness direction of the third optically anisotropic
layer, respectively and are defined as Re3=(nx3-ny3)xd3
[nm] and Rth3={(nx3+ny3)/2-nz3}xd3 [nm], respectively
wherein d3 indicates the thickness of the third optically aniso-
tropic layer, nx3 and ny3 indicate the main refractive indices
in the plane of the third optically anisotropic layer with
respect to a light of a wavelength of 550 nm, nz3 indicates the
main refractive index in the thickness direction of the third
optically anisotropic layer with respect to a light of a wave-
length of 550 nm, and nx3>ny3=nz3;

[0016] [2] the elliptical polarizer according to [1] above,
wherein the second optically anisotropic layer comprises a
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homeotropically aligned liquid crystal film produced by
aligning and fixing a liquid crystalline composition exhibit-
ing a positive uniaxiality, in a homeotropic alignment while
the composition is in the liquid crystal state;

[0017] [3] the elliptical polarizer according to [2] above,
wherein the liquid crystalline composition exhibiting a posi-
tive uniaxiality comprises a side chain liquid crystalline poly-
mer having an oxetanyl group;

[0018] [4] the elliptical polarizer according to [1] above,
wherein the first and third optically anisotropic layers each
comprise a polycarbonate or a cyclic polyolefin;

[0019] [5] the elliptical polarizer according to any one of
[1] to [4] above, wherein the third optically anisotropic layer
further satisfies the following requirement [12]:

0.7=Re3(450)/Re3(590)<1.05 [12]

wherein Re3(450) and Re3(590) indicate the retardation val-
ues in the plane of the third optically anisotropic layer with
respect to lights of wavelengths of 450 nm and 590 nm,
respectively;

[0020] [6] the elliptical polarizer according to any one of
[1] to [5] above, wherein when the angle formed by the
absorption axis of the first polarizer and the slow axis of the
first optically anisotropic layer is defined as “r”, the first
polarizer and first optically anisotropic layer are laminated so
as to satisfy 80°=r=100°;

[0021] [7] the elliptical polarizer according to any one of
[1] to [6] above, wherein when the angle formed by the
absorption axis of the first polarizer and the slow axis of the
third optically anisotropic layer is defined as “p”, p satisfies
40°=p=50°;

[0022] [8] the elliptical polarizer according to any one of
[1] to [7] above, wherein the first optically anisotropic layer
also acts as a protection layer for the first polarizer,

[0023] [9] a vertical alignment type liquid crystal display
device comprising at least a first polarizer, a first optically
anisotropic layer, a second optically anisotropic layer, a third
optically anisotropic layer, a vertical alignment type liquid
crystal cell comprising a pair of substrates each provided with
electrodes and liquid crystal molecules disposed therebe-
tween, the liquid crystal molecules being aligned vertically to
the substrates when no electric voltage is applied, a fourth
optically anisotropic layer, and a second polarizer, arranged
in this order, wherein

[0024] the first optically anisotropic layer satisfies the fol-
lowing requirements [1] to [3]:

50=Rel=500 [1]
30=Rth1=750 [2]
0.6=Rth1/Re1=1.5 [3]

wherein Rel and Rthl denote the retardation values in the
plane and thickness direction of the first optically anisotropic
layer, respectively and are defined as Rel=(nx1-ny1)xdl
[nm] and Rth1={(nx14+ny1)/2-nz1}xd1 [nm], respectively
wherein d1 indicates the thickness of the first optically aniso-
tropic layer, nx1 and ny1 indicate the main refractive indices
in the plane of the first optically anisotropic layer with respect
to a light of a wavelength of 550 nm, nz1 indicates the main
refractive index in the thickness direction of the first optically
anisotropic layer with respect to alight ofa wavelength of 550
nm, and nx1>nyl1=nzl;
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the second optically anisotropic layer satisfies the following
requirements [4] and [5]:

0=Re2=20 [4]
-500=Rth2=-30 [5]

wherein Re2 and Rth2 denote the retardation values in the
plane and thickness direction of the second optically aniso-
tropic layer, respectively and are defined as Re2=(nx2-ny2)x
d2 [nm] and Rth2={(nx2+ny2)/2-nz2}xd2 [nm], respec-
tively wherein d2 indicates the thickness of the second
optically anisotropic layer, nx2 and ny2 indicate the main
refractive indices in the plane of the second optically aniso-
tropic layer with respect to alight of a wavelength of 550 nm,
n72 indicates the main refractive index in the thickness direc-
tion of the second optically anisotropic layer with respectto a
light of a wavelength of 550 nm, and nz2>nx2=ny2;

the third optically anisotropic layer satisfies the following
requirements [6] to [8]:

100=Re3=180 [6]
SO=Rth3=600 [7]
0.5<Rth3/Re3<3.5 (8]

wherein Re3 and Rth3 denote the retardation values in the
plane and thickness direction of the third optically anisotropic
layer, respectively and are defined as Re3=(nx3-ny3)xd3
[nm] and Rth3={(nx3+ny3)/2-nz3}xd3 [nm], respectively
wherein d3 indicates the thickness of the third optically aniso-
tropic layer, nx3 and ny3 indicate the main refractive indices
in the plane of the third optically anisotropic layer with
respect to a light of a wavelength of 550 nm, nz3 indicates the
main refractive index in the thickness direction of the third
optically anisotropic layer with respect to a light of a wave-
length of 550 nm, and nx3>ny3=nz3; and

the fourth optically anisotropic layer satisfies the following
requirements [9] to [11]:

100=Re4=180 [9]
SO=Rth4=600 [10]
0.5=Rth4/Re4=3.5 [11]

wherein Re4 and Rth4 denote the retardation values in the
plane and thickness direction of the fourth optically anisotro-
pic layer, respectively and are defined as Red=(nx4-ny4)xd4
[nm] and Rthd={(nx4+ny4)/2-nzd}xd4 [nm], respectively
wherein d4 indicates the thickness of the fourth optically
anisotropic layer, nx4 and ny4 indicate the main refractive
indices in the plane of the fourth optically anisotropic layer
with respect to a light of a wavelength of 550 nm, nz4 indi-
cates the main refractive index in the thickness direction of
the fourth optically anisotropic layer with respect to a light of
a wavelength of 550 nm, and nx4>ny4=nz4.

[0025] [10] the vertical alignment type liquid crystal dis-
play device according to [9] above, further comprising a fifth
optically anisotropic layer satisfying the following require-
ments [13] and [14] arranged between the vertical alignment
type liquid crystal cell and the fourth optically anisotropic
layer,

0=Re5=20 [13]

100=Rth5=400 [14]
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wherein Re5 and Rth5 denote the retardation values in the
plane and thickness direction of the fifth optically anisotropic
layer, respectively and are defined as Re5=(nx5-ny5)xd5
[nm] and Rth5={(nx5+ny5)/2-nz5}xd5 [nm], respectively
wherein d5 indicates the thickness of the fifth optically aniso-
tropic layer, nx5 and ny5 indicate the main refractive indices
in the plane of'the fifth optically anisotropic layer with respect
to a light of a wavelength of 550 nm, nz5 indicates the main
refractive index in the thickness direction of the fifth optically
anisotropic layer with respect to alight ofa wavelength of 550
nm, and nx5zny5>nz5;

[0026] [11] the vertical alignment type liquid crystal dis-
play device according to [9] or [10] above, wherein the sec-
ond optically anisotropic layer comprises a homeotropically
aligned liquid crystal film produced by aligning and fixing a
liquid crystalline composition exhibiting a positive uniaxial-
ity, in a homeotropic alignment while the composition is in
the liquid crystal state;

[0027] [12] the vertical alignment type liquid crystal dis-
play device according to [11] above, wherein the liquid crys-
talline composition exhibiting a positive uniaxiality com-
prises a side chain liquid crystalline polymer having an
oxetanyl group;

[0028] [13] the vertical alignment type liquid crystal dis-
play device according to any one of [9] to [ 12] above, wherein
the first, third and fourth optically anisotropic layers each
comprise a polycarbonate or a cyclic polyolefin;

[0029] [14] the vertical alighment type liquid crystal dis-
play device according to any one of [9] to [ 13] above, wherein
the third optically anisotropic layer further satisfies the fol-
lowing requirement [12]:

0.7=Re3(450)/Re3(590)<1.05 [12]

wherein Re3(450) and Re3(590) indicate the retardation val-
ues in the plane of the third optically anisotropic layer with
respect to lights of wavelengths of 450 nm and 590 nm,
respectively;

[0030] [15] the vertical alignment type liquid crystal dis-
play device according to any one of [9] to [ 14] above, wherein
the fourth optically anisotropic layer further satisfies the fol-
lowing requirement [15]:

0.7=Re4(450)/Re4(590)=1,05 [15]

wherein Red(450) and Re4(590) indicate the retardation val-
ues in the plane of the fourth optically anisotropic layer with
respect to lights of wavelengths of 450 nm and 590 nm,
respectively;

[0031] [16] the vertical alignment type liquid crystal dis-
play device according to any one of [9] to [ 15] above, wherein
the fifth optically anisotropic layer is a layer formed from at
least one type of material selected from the group consisting
of liquid crystalline compounds, triacetyl cellulose, cyclic
polyolefins, polyolefins, polyamides, polyimides, polyesters,
polyether ketones, polyarylether ketones, polyamide imides,
and polyester imides;

[0032] [17] the vertical alignment type liquid crystal dis-
play device according to any one of [9] to [ 16] above, wherein
when the angle formed by the absorption axis of the first
polarizer and the slow axis of the first optically anisotropic
layer is defined as “r”, the first polarizer and third optically
anisotropic layer are laminated so as to satisfy 80°=r=100°;
[0033] [18] the vertical alignment type liquid crystal dis-
play device according to any one of [9] to [ 17] above, wherein
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the third optically anisotropic layer and the fourth optically
anisotropic layer are laminated so that their slow axes form an
angle of 80° to 100°.

[0034] [19] the vertical alignment type liquid crystal dis-
play device according to any one of [9] to [ 18] above, wherein
when the angle formed by the absorption axis of the first
polarizer and the slow axis of the third optically anisotropic
layer is defined as “p” and the angle formed by the absorption
axis of the second polarizer and the slow axis of the fourth
optically anisotropic layer is defined as “q”, p satisfies
40°=p=50° and q satisfies 40°=q=50°;

[0035] [20] the vertical alighment type liquid crystal dis-
play device according to any one of [9] to [ 19] above, wherein
the first optically anisotropic layer also acts as a protection
layer for the first polarizer;

[0036] [21] the vertical alignment type liquid crystal dis-
play device according to any one of [9] to [20] above, wherein
one of the pair of substrates of the vertical alignment type
liquid crystal cell is a substrate having a region with a reflec-
tion function and a region with a transmission function.

ADVANTAGEOUS EFFECTS OF INVENTION

[0037] The vertical alignment type liquid crystal display
device of the present invention is bright in images and capable
of displaying images of high contrast in all the directions.

BRIEF DESCRIPTION OF DRAWINGS

[0038] FIG. 1 a schematic sectional view of an elliptical
polarizer according to the present invention;

[0039] FIG. 2 a schematic sectional view of the vertical
alignment type liquid crystal display device used in Example

[0040] FIG.3aplan view indicating the angular relations of
each of the components of the vertical alignment type liquid
crystal display of Example 2;

[0041] FIG. 4 a view indicating the contrast ratio when
viewing the vertical alignment type liquid crystal display of
Example 2 from all the directions;

[0042] FIG. 5 a schematic sectional view of the vertical
alignment type liquid crystal display device used in Example

[0043] FIG. 6 aplan view indicating the angular relations of
each of the components of the vertical alignment type liquid
crystal display of Example 3;

[0044] FIG. 7 a view indicating the contrast ratio when
viewing the vertical alignment type liquid crystal display of
Example 3 from all the directions;

[0045] FIG. 8 a schematic sectional view of the transflec-
tive vertical alignment type liquid crystal display device used
in Example 4;

[0046] FIG.9aplan view indicating the angular relations of
each of the components of the transflective vertical alignment
type liquid crystal display device used in Example 4;

[0047] FIG. 10 a view indicating the contrast ratio when
viewing the transflective vertical alignment type liquid crys-
tal display device used in Example 4;

[0048] FIG. 11 a schematic sectional view of the vertical
alignment type liquid crystal display device used in Compara-
tive Example 1;

[0049] FIG. 12 a plan view indicating the angular relations
of each of the components of the vertical alignment type
liquid crystal display device used in Comparative Example 1;
and
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[0050] FIG. 13 a view indicating the contrast ratio when
viewing the vertical alighment type liquid crystal display
device used in Comparative Example 1.

BEST MODE FOR CARRYING OUT THE

INVENTION
[0051] The present invention will be described below in
more details.
[0052] As shown in FIG. 1, the elliptical polarizer of the

present invention comprises at least a first polarizer, a first
optically anisotropic layer, a second optically anisotropic
layer, and a third optically anisotropic layer, laminated in this
order.

[0053] The vertical alignment type liquid crystal display
device of the present invention has a structure of the following
(1) or (2) and if necessary may further contain members such
as a light diffusion layer, a light controlling film, a light
guiding plate and a prism sheet. No particular limitation is
imposed on structure of the display device except for using
the second optically anisotropic layer comprising a homeo-
tropically-aligned liquid crystal film. With the objective of
obtaining optical characteristics with less viewing angle
dependency, either (1) or (2) may be used.

(1) first polarizer/first optically anisotropic layer/second opti-
cally anisotropic layer/third optically anisotropic layer/verti-
cal alignment type liquid crystal cell/fourth optically aniso-
tropic layer/second polarizer/backlight;

(2) first polarizer/first optically anisotropic layer/second opti-
cally anisotropic layer/third optically anisotropic layer/verti-
cal alignment type liquid crystal cell/fifth optically anisotro-
pic layer/fourth optically anisotropic layer/second polarizer/
backlight

[0054] With the above-described structures, 8 sheets of
films proposed in Patent Documents 3 and 4 can be decreased
to 4 or 5 sheets thereby maintaining wide viewing angle
characteristics while decreasing the production cost.

[0055] In the present invention, although the absorption
axis of the first polarizer is perpendicular to the slow axis of
the first optically anisotropic layer, the use of a negative
biaxially optically anisotropic layer as the first optically
anisotropic layer enables production of the elliptical polarizer
by roll-to-roll method but not by lamination of sheets that has
been conventionally carried out. As the result, an elliptical
polarizer with a thin structure can be produced efficiently.
[0056] Constituting parts used in the present invention will
be described below in turn.

[0057] First of all, a vertical alignment type liquid crystal
cell used in the present invention will be described.

[0058] No particular limitation is imposed on the liquid
crystal cell, which may, therefore, be of transmissive, reflec-
tive or transflective type. No particular limitation is imposed
on the driving mode of the liquid crystal cell, which may,
therefore, be a passive matrix mode used in an STN-LCD, an
active matrix mode using active electrodes such as TFT (Thin
Film Transistor) electrodes and TFD (Thin Film Diode) elec-
trodes, and a plasma address mode.

[0059] No particular limitation is imposed on transparent
substrates constituting the liquid crystal cell as long as they
can align a liquid crystalline material forming a liquid crystal
layer in a specific alignment direction. More specific
examples include those which themselves have a property of
aligning a liquid crystalline material and those which them-
selves have no capability of aligning but are provided with an
alignment layer capable of aligning a liquid crystalline mate-
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rial. The electrode of the liquid crystal cell may be any con-
ventional electrode, such as ITO. The electrode may be usu-
ally arranged on the surface of the transparent substrate,
which surface contacts the liquid crystal layer. In the case of
using a transparent substrate with an alignment layer, an
electrode may be provided between the alignment layer and
the substrate.

[0060] No particular limitation is imposed on the material
exhibiting liquid crystallinity, forming the liquid crystal layer
as long as it has a negative dielectric anisotropy. Examples of
the material include various low molecular weight liquid
crystalline substances, polymeric liquid crystalline sub-
stances, and mixtures thereof, which can constitute various
liquid crystal cells. The liquid crystalline material may be
blended with dyes, chiral dopants, or non-liquid crystalline
substances to an extent that they do not prevent the liquid
crystalline substance from exhibiting liquid crystallinity. If a
chiral dopant is added to a vertical alignment type liquid
crystal layer containing a liquid crystal material with a nega-
tive dielectric anisotropy, rotation of the liquid crystalline
molecules upon application of an electric voltage can be
stabilized. Further, when the alignment layers in the vicinity
of the two substrates are rubbed in different directions, the
traces of the alignment treatment are not in the same direc-
tions and thus are less visible. When the liquid crystal layer is
twisted at an angle of 90 degrees, black display with very little
optical leakage is obtained because the tilt directions of the
liquid crystal molecules in the vicinity of the two substrates
make an angle of 90 degrees, and thus the retardations gen-
erated in the tilt directions are counteracted by each other.
[0061] Alternatively, replacement of one of the substrates
of the vertical alignment type liquid crystal cell with a sub-
strate having a region with a reflection function and a region
with a transmission function can convert the cell to a trans-
flective vertical alignment type liquid crystal cell.

[0062] No particular limitation is imposed on the region
with a reflection function (which may be hereinafter referred
to as “reflection layer”) contained in the transflective elec-
trode used in the transflective vertical alignment type liquid
crystal cell. Examples of the region include those formed of
aluminum, silver, gold, chromium, and platinum, an alloy
containing one or more of these metals, an oxide such as
magnesium oxide, a multi-layered film of dielectrics, a liquid
crystal film exhibiting a selective reflectivity, and combina-
tions thereof. The reflection layer may be flat or curved and
may be those provided with diffusive reflectivity by forming
rugged patterns on its surface; those having a function as the
electrode on the transparent substrate located on the side
opposite to the viewer’s side; or any combination thereof.
[0063] In addition to the above-described components, the
vertical alighment type liquid crystal cell used in the present
invention may be provided with other additional components.
For example, the use of a color filter makes it possible to
produce a color liquid crystal display device which can pro-
vide multi- or full-colored display images with increased
color purity.

[0064] Next, description will be given of optically aniso-
tropic layers used in the present invention.

[0065] First ofall, the first, third and fourth optically aniso-
tropic layers will be described.

[0066] Examples of these optically anisotropic layers
include birefringence films formed of appropriate polymers
including polycarbonates, cyclic polyolefins such as nor-
bornene resins, polyvinyl alcohols, polystyrenes, polymethyl
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methacrylates, polypropylenes, other polyolefins, polyary-
lates, and polyamides by a uniaxial or biaxial stretching treat-
ment or a technique as disclosed in Japanese Patent Applica-
tion Laid-Open Publication No. 5-157911 wherein an
elongate film is heat-contracted in the width direction using a
heat-contractive film to increase the retardation in the thick-
ness direction; aligned films formed of liquid crystal materi-
als such as liquid crystal polymers; and aligned layers of
liquid crystal materials supported on a film.

[0067] When the x and y directions are taken in the plane
direction and the thickness direction is defined as z direction,
apositive uniaxial optically anisotropic layer has arelation of
refraction index defined as nx>ny=nz. A positive biaxial opti-
cally anisotropic layer has a relation of refraction index
defined as nx>nz>ny. A negative uniaxial optically anisotro-
pic layer has a relation of refraction index defined as
nx=ny>nz. A negative biaxial optically anisotropic layer has
a relation of refraction index defined as nx>ny>nz.

[0068] When the thickness of the first optically anisotropic
layer is defined as d1, the main refractive indices in the plane
are defined as nx1 and ny1, the main refractive index in the
thickness direction is defined as nz1, nx1>ny1>nz1, the retar-
dation values in the plane and thickness direction with respect
to alightof a wavelength of 550 nm are defined as Rel =(nx1-
nyl)xdl [nm], and Rth1={(nx1+ny1)/2-nzl1}xdl [nm],
respectively the first optically anisotropic layer satisfies the
following formulas [1] to [3]:

S0=Rel=500 (1]
30=Rth1=750 (2]
0.6=Rth1/Rel <1.5. 3]
[0069] The first optically anisotropic layer contributes to

compensate the viewing angle of a polarizer, and the retarda-
tion value (Rel) in the plane of the first optically anisotropic
layer with respect to a light of a wavelength of 550 nm is
usually from 50 to 500 nm, preferably from 80 to 480 nm,
more preferably from 100 to 450 nm. If the Rel value deviates
these ranges, sufficient viewing angle may not be obtained or
unnecessary coloration may occur when viewed obliquely.
[0070] The retardation value (Rth1) in the thickness direc-
tion of the first optically anisotropic layer with respect to a
light of a wavelength of 550 nm is from 30 to 750 nm,
preferably from 40 to 500 nm, more preferably from 50to 200
nm. Ifthe Rth1 value deviates these ranges, sufficient viewing
angle may not be obtained or unnecessary coloration may
occur when viewed obliquely.

[0071] Theratio of the thickness retardation value (Rth1) to
the plane retardation value (Rel) of the first optically aniso-
tropic layer is usually from 0.6 to 1.5, preferably from 0.6 to
1.4, more preferably from 0.6 to 1.3. If the Rth/Re value
deviates the above ranges, sufficient viewing angle may not
be obtained or unnecessary coloration may occur when
viewed obliquely.

[0072] When the angle formed by the absorption axis of the
first polarizer and the slow axis of the first optically anisotro-
pic layer is defined as r, r is usually from 80 to 100°, prefer-
ably from 85 to 95, more preferably about 90° (orthogonal).
The first polarizer and the first optically anisotropic layer both
in the form of elongate rolls are combined by laminating them
in a roll to roll process so that the absorption axis of the first
polarizer is substantially perpendicular to the slow axis ofthe
first optically anisotropic layer (referring to the crossing
angle within 90°£10°, preferably +£5°). As the result, a thin
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elliptical polarizer can be produced highly efficiently. How-
ever, in order to combine integrally the first polarizer and first
optically anisotropic layer so that the absorption axis is per-
pendicular to the absorption axis, the slow axis of the first
optically anisotropic layer needs to be aligned perpendicu-
larly to the roll elongate direction. In order to achieve this, it
is preferable to produce the first optically anisotropic layer
through transverse uniaxial stretching or transverse biaxial
stretching. In general, when the layer is produced through
transverse uniaxial stretching or transverse biaxial stretching,
itisknown that the relation of birefringence of the retardation
film will be a negative biaxial represented by nx>ny>nz.
Therefore, for the highly efficient production of an elliptical
polarizer, the Rth/Re value is preferably within the above-
described range of 0.6 to 1.5. An Rth/Re value deviating this
range would result in a deterioration in image quality caused
by a decrease in the front contrast.

[0073] Preferably, the third and fourth optically anisotropic
layers exhibit a ¥4 wavelength retardation in the plane. When
the thicknesses of the third and fourth optically anisotropic
layers are defined as d3, d4, respectively, the main refractive
indices in the planes are defined as nx3, nx4 and ny3, ny4,
respectively, the main refractive indices in the thicknesses are
defined as nz3 and nzd, respectively, nx3>ny3=nz3,
nx4>nyd=nz4, the retardation values in the planes with
respect to a light of a wavelength of 550 nm are defined as
(Re3=(nx3-ny3)xd3 [nm]) and (Red=(nx4-ny4)xd4 [nm]),
respectively, the third and fourth optically anisotropic layers
satisfy the following formulas [6] to [8] and [9] to [11],
respectively:

100=Re3=180 (6]
S0=Rth3=600 [7]
0.5=Rth3/Re3=3.5 8]
100=Re4=180 9]
SO=Rth4=600 [10]
0.5=Rth4/Re4=3.5. [11]
[0074] Since the third and fourth optically anisotropic lay-

ers exhibit a ¥4 wavelength retardation, their retardation val-
ues (Re3, Red) in the planes with respect to a light of a
wavelength of 550 nm are from 100 to 180 nm, preferably
from 120 to 160 nm, more preferably 130 to 150 nm. If the
Re3 and Re4 values deviate these ranges, sufficient circular
polarization may not be attained when used in combination
with a polarizer and display characteristics when viewed from
the front may be deteriorated.

[0075] The retardation values (Rth3, Rthd) of the third and
fourth optically anisotropic layers in the thickness directions
are necessarily set to such conditions that they function as Y4
wavelength plates when viewed from the front and at the same
time exhibit a viewing angle compensation effect caused by
compensating the retardation in the thickness direction of the
vertical alignment type liquid crystal cell. Therefore, the
retardation values of the third and fourth optically anisotropic
layers are from 50 to 600 nm, preferably from 100 to 400 nm,
more preferably from 140 to 300 nm though depending on the
retardation value in the thickness direction of the vertical
alignment type liquid crystal cell. If the retardation values of
the third and fourth optically anisotropic layers deviate these
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ranges, sufficient viewing angle improving effect may not be
attained or unnecessary coloration may occur when viewed
obliquely.

[0076] The ratio of the retardation values (Rth3, Rthd4) in
the thickness direction of the third and fourth optically aniso-
tropic layers to those (Re3, Red) in the plane thereofis usually
from 0.5 to 3.5, preferably from 1.0 to 3.0, more preferably
from 1.5 to 2.5. If the Rth/Re values deviate from these
ranges, sufficient viewing angle improving effect may not be
attained or unnecessary coloration may occur when viewed
obliquely.

[0077] The angle defined by the slow axis of the third
optically anisotropic layer and the slow axis of the fifth opti-
cally anisotropic layer is usually from 80 to 100 degrees,
preferably from 85 to 95 degrees, more preferably about 90
degrees (perpendicular). If the angle deviates these ranges,
the contrast when viewed from the front would be decreased.
[0078] When the retardation values in the plane of the third
and fourth optically anisotropic layers with respect to a light
of a wavelength of 450 nm and a light of a wavelength of 590
nm are defined as Re3(450), Re3(590) and Re4(450), Red
(590), respectively, they satisfy the following formulas [12]
and [15]:

0.7=Re3(430)/Re3(390)£1.05 [12]
0.7=Re4(430)/Re4(590)=1.03. [15]
[0079] In order to enhance the contrast characteristics of a

transflective vertical alignment type liquid crystal display
device upon reflection mode, the dependency on wavelength
of the retardation of the 4 wavelength plate is preferably
larger as the wavelength becomes larger or closely constant
and the ratio of the retardation values of the third and fourth
optically anisotropic layers with respect to a light of wave-
length of 450 nm and a light of wavelength of 590 nm is
usually from 0.7 to 1.05, preferably from 0.75 to 1.0. If the
ratio deviates these ranges, the displaying characteristics may
be deteriorated, for example, black image becomes bluish
when the liquid crystal display device is in the reflection
mode.

[0080] A circular polarizer has a function to change a lin-
early polarized light to a circularly polarized light and change
acircularly polarized light to a linearly polarized light with a
V4 wavelength plate. Therefore, provision of the third and
fourth optically anisotropic layers having a ¥4 wavelength
retardation in the planes, between the linear polarizer and the
vertical alignment type liquid crystal cell enables the trans-
flective vertical alignment type liquid crystal display device
to display black images because the retardation in the observ-
ing direction is zero when no electric voltage is applied and to
display bright images because the retardation in the observing
direction occurs when an electric voltage is applied, by
arranging the upper and lower polarizers perpendicularly to
one another. With the objective of forming a circular polarizer
which is the combination of a linear polarizer and a /4 wave-
length plate, the angle p defined by the absorption axis of the
first polarizer and the slow axis of the third optically aniso-
tropic layer is usually from 40 to 50 degrees, preferably from
42 1o 48 degrees, more preferably about 45 degrees.

[0081] Similarly, the angle q defined by the absorption axis
of the second polarizer and the slow axis of the fourth opti-
cally anisotropic layer is usually from 40 to 50 degrees, pref-
erably from 42 to 48 degrees, more preferably about 45
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degrees. The angle deviating these ranges would result in a
deterioration in image quality caused by a decrease in the
front contrast.

[0082] Next, the second optically anisotropic layer will be
described.
[0083] The second optically anisotropic layer used in the

present invention comprises a homeotropically-aligned lig-
uid crystal film produced by aligning homeotropically a lig-
uid crystal material exhibiting a positive uniaxiality while the
material is in a liquid crystal state and then fixing the align-
ment.

[0084] Inthe present invention, selection of aliquid crystal
material and an alignment substrate is extremely important
for producing a liquid crystal film wherein a liquid crystal
material is fixed in a homeotropic alignment.

[0085] Liquid crystal materials used in the present inven-
tion are those containing at least mainly a side chain liquid
crystalline polymer such as poly(meth)acrylates and polysi-
loxanes.

[0086] Side chain liquid crystalline polymers used in the
present invention are those having at one of its terminal ends
a polymerizable oxetanyl group. More specifically, preferred
examples include side chain liquid crystalline polymeric
compounds produced by homopolymerizing or copolymeriz-
ing the (meth)acrylic portion of a (meth)acrylic compound
having an oxetanyl group represented by formula (1) below
with another (meth)acrylic compound:

)

CH,
I Ry
Ri—C—C—0~CH, L —M—L,~CIH, 0 0.
” S
@]
[0087] In formula (1), R, is hydrogen or methyl, R, is

hydrogen, methyl, or ethyl, L, and L, are each a single bond,
—0—, —0—CO— or —CO—0—, M is represented by
any of formulas (2) to (4) below, and m and n are each an
integer of 0 to 10:

—FP-LyPyLy-P— @
—P-LaPy— &)
—P— (4).

[0088] In formulas (2) to (4), P, and P, are each a group
represented by formula (5) below, P, is a group represented
by formula (6) below, and [; and L, are each a single bond,
—CH—CH—, —(=C—,—0—,—0—CO0—,0or—CO—
0—:

)

-
~~
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-continued

®

[0089] No particular limitation is imposed on the method of
synthesizing the (meth)acrylic compound having an oxetanyl
group. Therefore, there may be used any conventional method
utilized in the field of organic chemistry. For example, a
portion having an oxetanyl group is coupled to a portion
having a (meth)acrylic group by means of the Williamson’s
ether synthesis or an ester synthesis using a condensing agent
thereby synthesizing a (meth)acrylic compound having two
reactive functional groups, i.e., an oxetanyl group and a
(meth)acrylic group.

[0090] A side chain polymeric liquid crystalline compound
containing a unit represented by formula (7) below is pro-
duced by homopolymerizing the (meth)acrylic group of a
(meth)acrylic compound having an oxetanyl group repre-
sented by formula (1) or copolymerizing the same with
another (meth)acrylic compound:

A

CH,
| R,
Rj—C—C—0~-CH, 3L —M—T1,4CH,3-0 0.
” o
0O
[0091] As an example of the radical polymerization, a

method may be used in which a (meth)acrylic compound is
dissolved in asolvent such as dimethylformamide (DMF) and
reacted at a temperature of 60 to 120° C. for several hours
using 2,2'-azobisisobutylonitrile (AIBN) or benzoyl peroxide
(BPO) as an initiator. Alternatively, in order to allow the
liquid crystal phase to be stably exhibited there is an effective
method in which living radical polymerization is conducted
using an initiator such as a copper (I) bromide/2,2'-bipyridyl-
based initiator or a 2,2,6,6-tetramethylpiperidinyloxy free
radical (TEMPO)-based initiator so as to control the molecu-



US 2011/0063547 A1l

lar weight distribution. These radical polymerizations are
preferably carried out under deoxidation conditions.

[0092] As an example of the anionic polymerization, a
method may be used in which a (meth)acrylic compound is
dissolved in a solvent such as tetrahydrofuran (THF) and
reacted using a strong base such as organic lithium com-
pounds, organic sodium compounds or the Grignard reagent
as an initiator. Alternatively, this polymerization can be con-
verted to living anionic polymerization by optimizing the
initiator or reaction temperature thereby controlling the
molecular weight distribution. These anionic polymeriza-
tions are needed to be conducted strictly under dehydration
and deoxidation conditions.

[0093] No particular limitation is imposed on types of a
(meth)acrylic compound added to be copolymerized as long
as the resulting polymeric substance exhibits liquid crystal-
linity. However, preferred are (meth)acrylic compounds hav-
ing a mesogen group because they can enhance the liquid
crystallinity of the resulting polymeric substance. More spe-
cifically, particularly preferred are those as represented by the
following formulas:

?o_cmn_o@z O
R O

[0094] Inthe above formulas, R is hydrogen, an alkyl group
having 1 to 12 carbon atoms, an alkoxy group having 1 to 12
carbon atoms, or a cyano group.

[0095] The side chain liquid crystalline polymeric com-
pound contains a unit of formula (7) in an amount of prefer-
ably 5 to 100 percent by mole, particularly preferably 10 to
100 percent by mole. The side chain liquid crystalline poly-
meric compound has a weight average molecular weight of
preferably 2,000 to 100,000, particularly preferably 5,000 to
50,000.

[0096] Other than the above-described side chain liquid
crystalline polymeric compounds, the liquid crystal material
used in the present invention may contain various compounds
which may be mixed therewith out impairing the liquid crys-
tallinity. Examples of such compounds include those having
a cationic polymerizable functional group such as oxetanyl,
epoxy, and vinylether groups; various polymeric compounds
having a film forming capability; and various low molecular-
or polymeric-liquid crystalline compounds exhibiting liquid
crystallinity. When the side chainliquid crystalline polymeric
compound is used in the form of a composition, the percent-
age of the compound in the whole composition is preferably
10 percent by mass or more, preferably 30 percent by mass or
more, more preferably 50 percent by mass or more. When the
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side chain liquid crystalline polymeric compound is con-
tained in an amount of less than 10 percent by mass, the
concentration of the polymerizable group in the composition
will be low, resulting in insufficient mechanical strength after
polymerization.

[0097] The above-described liquid crystal material is
aligned and fixed in a liquid crystal state by polymerizing
cationically the oxetanyl group to be cross-linked. Therefore,
the liquid crystal material preferably contains a photo- or
thermal-cation generator which generates cations with an
external stimulus such as light or heat. If necessary, various
sensitizers may be used in combination.

[0098] The term “photo cation generator” used herein
denotes a compound which can generate cations by irradiat-
ing a light with a specific wavelength and may be any of
organic sulfonium salt-, iodonium salt-, or phosphonium salt-
based compounds. Counter ions of these compounds are pref-
erably antimonate, phosphate, and borate. Specific examples
include Ar;S*SbF,~, Ar,P"BF,~, and Ar,I"PF,~ wherein Ar
indicates a phenyl or substituted phenyl group. Sulfonic acid
esters, triazines, diazomethanes, ff-ketosulfones, iminosul-
fonates, and benzoinsulfonates may also be used.

[0099] The term “thermal cation generator” used herein
denotes a compound which can generate cations by being
heated to a certain temperature and may be any of benzylsul-
fonium salts, benzylammonium salts, benzylpyridinium
salts, benzylphosphonium salts, hydrazinium salts, carbonic
acid esters, sulfonic acid esters, amineimides, antimony pen-
tachloride-acetyl chloride complexes, diaryliodonium salt-
dibenzyloxy coppers, and halogenated boron-tertiary amine
adducts.

[0100] Since the amount of the cation generator to be added
in the polymerizable liquid crystalline composition varies
depending on the structures of the mesogen portion or spacer
portions constituting the side chain liquid crystalline polymer
to be used, the equivalent weight of the oxetanyl group, and
the conditions for aligning the composition in the liquid crys-
tal state, it can not be determined with certainty. However, it
is within the range of usually 100 ppm by mass to 20 percent
by mass, preferably 1,000 ppm by mass to 10 percent by
mass, more preferably 0.2 percent by mass to 7 percent by
mass, and most preferably 0.5 percent by mass to 5 percent by
mass. An amount of the cation generator ofless than 100 ppm
by mass is not preferable because polymerization may not
progress due to the insufficient amount of cation to be gener-
ated. An amount of the cation generator of more than 20
percent by mass is not also preferable because a large amount
of the undecomposed residue of the cation generator remains
in the resulting liquid crystal film and thus the light resistance
thereof would be degraded.

[0101] The alignment substrate will be described next.
[0102] The alignment substrate which may be used in the
present invention is preferably a substrate with a flat and
smooth surface. Examples of such a substrate include films or
sheets formed of organic polymeric materials, glass sheets,
and metals. It is preferable to use materials such as organic
polymer materials, in view of cost and continuous productiv-
ity. Examples of the organic polymeric materials include
films formed of transparent polymers such as polyvinyl alco-
hols, polyimides, polyphenylene oxides, polyetherketones,
polyetheretherketones, polyester-based polymers such as
polyethylene terephthalates and polyethylene naphthalates,
cellulose-based polymers such as diacetyl cellulose and tri-
acetyl cellulose; polycarbonate-based polymers; and acryl-
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based polymers such as polymethyl methacrylates. Further
examples include films formed of transparent polymers, for
example, styrene-based polymers such as polystyrenes and
acrylonitrile styrenecopolymers; olefin-based polymers such
as polyethylenes, polypropylenes and ethylene propylene
copolymers; cyclopolyolefins having a cyclic or norbornene
structure; vinyl chloride-based polymers; and amide-based
polymers such as nylon and aromatic polyamides. Further
examples include films formed of transparent polymers, for
example, imide-based polymers; sulfone-based polymers;
polyether sulfone-based polymers; polyetheretherketone-
based polymers; polyphenylene sulfide-based polymers;
vinyl alcohol-based polymers; vinylidene chloride-based
polymers; vinyl butyral-based polymers; arylate-based poly-
mers; polyoxymethylene-based polymers; epoxy-based
polymers; and blends of these polymers. Among these poly-
mers, it is preferable to use plastic films such as triacetyl
cellulose, polycarbonates, and norbornene polyolefins that
are used as optical films. Particularly preferable examples of
the films of organic polymer materials include plastic films
formed of polymer substances having a norbornene structure
such as ZEONOR (product name, manufactured by ZEON
CORPORATION), ZEONEX (product name, manufactured
by ZEON CORPORATION) and ARTON (product name,
manufactured by JSR Corporation) because their excellent
optical characteristics. Examples of metal films include those
formed of aluminum.

[0103] Inorder to obtain the homeotropic alignment stably
using the above-described liquid crystal materials, the mate-
rial forming an alignment substrate preferably has a long
chain (usually 4 or more, preferably 8 or more carbon atoms)
alkyl group oralayer ofacompound having along chain alkyl
group, on a surface of the substrate. It is particularly prefer-
able to form a layer of polyvinyl alcohol having a long chain
alkyl group because the layer can be easily formed. The
organic polymeric materials may be used alone as an align-
ment substrate or in the form of film formed on another
substrate. In the field of the liquid crystal, a substrate is
generally rubbed with cloth for aligning a liquid crystal mate-
rial, so-called rubbing treatment. However, the homeotropi-
cally-aligned liquid crystal film of the present invention has
an alignment structure wherein anisotropy in the film plane
does not substantially occurs and thus does not always need a
rubbing treatment. However, with the objective of restraining
the liquid crystal material from being repelled when it is
coated on an alignment film, a weak rubbing treatment is
preferably carried out. An important set value for regulating
the rubbing conditions is a peripheral velocity ratio. The
peripheral velocity ratio denotes a ratio of the moving veloc-
ity of the rubbing cloth to the moving velocity of the substrate
when a rubbing cloth wrapped around a roll is rolled and rubs
over a substrate. The weak rubbing treatment denotes a rub-
bing treatment carried out by rotating the rubbing cloth at a
peripheral velocity ratio of usually 50 or less, preferably 25 or
less, and particularly preferably 10 or less. A peripheral
velocity ratio of greater than 50 would be too strong rubbing
effect which fails to align the liquid crystal material in a
complete vertical position, which material is tilted toward the
plane direction rather than the vertical direction.

[0104] Next, a method for producing the homeotropically-
aligned liquid crystal film will be described below.

[0105] Although not restricted, the liquid crystal film may
be produced by spreading the above-described liquid crystal
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material over the above-described alignment substrate so as
to be aligned and fixed in an aligned state by photo-irradiation
and/or heat treatment.

[0106] Examples of the method of forming a liquid crystal
material layer by spreading the liquid crystal material over the
alignment substrate include a method wherein the liquid crys-
tal material in a molten state is directly coated over the align-
ment substrate or a method wherein a solution of the liquid
crystal material is coated over the alignment substrate and
dried to evaporate the solvent.

[0107] No particular limitation is imposed on the solvent
used for preparing the solution as long as it can dissolve the
liquid crystal material and be evaporated under appropriate
conditions. Preferable examples of the solvent include
ketones such as acetone, methyl ethyl ketone, isophorone,
and cyclohexanone; ether alcohols such as butoxy ethyl alco-
hol., hexyloxy ethyl alcohol, and methoxy-2-propanol; glycol
ethers such as ethylene glycol dimethylether and diethylene
glycol dimethyl ether; esters such as ethyl acetate and ethyl
lactate; phenols such as phenol and chlorophenol; amides
such as N,N-dimethylformamide, N,N-dimethylacetoamide,
and N-methylpyrrolidone; halogens such as chloroform, tet-
rachloroethane, and dichlorobenzene; and mixtures thereof.
Surfactants, de foaming agents, or leveling agents may be
added to the solution so as to form a uniform film layer on an
alignment substrate.

[0108] Regardless of whether the liquid crystal material is
coated directly or in the form of a solution, no particular
limitation is imposed on the method of coating the liquid
crystal material as long as the uniformity of the film layer can
be maintained. For example, it is possible to use spin coating,
die coating, curtain coating, dip coating, and roll coating
methods. The coating of a solution of the liquid crystal mate-
rial is preferably followed by a drying step for removal of the
solvent after coating. No particular limitation is imposed on
the drying step as long as it can maintain the uniformity of the
coated film, which may be any conventional method. For
example, a method using a heater (furnace) or a hot air blow-
ing may be used.

[0109] The 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 viewing
angle improving effect or brightness enhancing effect. A film
thickness of greater than 10 wm would cause unnecessary
coloration on a liquid crystal display device.

[0110] The liquid crystal material layer formed on the
alignment substrate is aligned in a liquid crystal state by a heat
treatment or the like and then cured by photo-irradiation
and/or a heat treatment so as to be fixed in the alignment.
During the first heat treatment, the liquid crystal material is
heated to a temperature in such a range that the liquid crystal
material exhibits a liquid crystal phase, so as to be aligned 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 material to be used, it can
not be determined with certainty. However, the heat treatment
is conducted 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 material, more
preferably at a temperature higher by 10° C. or higher than the
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Tg of the liquid crystal material. A too low temperature is not
preferable because there is a possibility that the liquid crystal
material may not be aligned sufficiently, while a too high
temperature is not also preferable because the cationically
polymerizable reactive group in the liquid crystal material or
an alignment film substrate may be adversely affected. The
heat treatment is conducted for usually 3 seconds to 30 min-
utes, preferably 10 seconds to 10 minutes. A heat treatment
for shorter than 3 seconds is not preferable because there is a
possibility that the liquid crystal material may not be aligned
in a liquid crystal phase completely. Whereas, a heat treat-
ment for longer than 30 minutes is not also preferable because
the productivity is diminished.

[0111]  After the liquid crystal material is aligned in a liquid
crystal state by a heating treatment, it is cured (cross-linked)
by polymerizing the oxetanyl group therein while being
retained in the aligned state. This curing step is carried out for
the purpose of fixing the completed liquid crystal alignment
by a curing (cross-linking) reaction so that the liquid crystal
material is modified into a stronger film.

[0112] Since the liquid crystal material used in the present
invention has a polymerizable oxetanyl group, it is preferable
to use a cationic polymerization initiator (cation generator)
for polymerizing (cross-linking) the reactive group. As sucha
cation generator, a photo-cation generator is preferred to a
thermal-cation generator.

[0113] In the case of using a photo-cation generator, after
addition thereof, the processes up to the heating treatment for
aligning the liquid crystal material are conducted under such
dark conditions (conditions where light is shielded to an
extent that the photo-cation generator does not dissociate)
that the liquid crystal material does not cure until subjected to
the aligning process and thus can be aligned while maintain-
ing sufficient flowability. Thereafter, a light from a light
source capable of emitting an appropriate wavelength of light
is irradiated so as to allow the photo-cation generator to
generate cations thereby curing the liquid crystal material.
[0114] The light irradiation is conducted by irradiating a
light from a light source having a spectrum in an absorption
wavelength region of the photo-cation generator to be used,
such as a metal halide lamp, a high-pressure mercury lamp, a
low-pressure mercury lamp, a xenon lamp, an arc discharge
lamp, and a laser thereby decomposing the photo-cation gen-
erator. The irradiation dose per cm® is within the range of
generally 1 to 2,000 m], preferably 10 to 1,000 mJ in the
integrated irradiation dose. However, when the absorption
region of the photo-cation generator is extremely different
from the spectrum of the light source, or the liquid crystal
material itself can absorb a light in the wavelength of the light
source, the irradiation dose is not limited to the above range.
In these cases, amethod may be employed in which a suitable
photo sensitizer or two or more types of photo-cation genera-
tors having different absorption wavelengths may be used.
[0115] The temperature upon light irradiation needs to be
within such a range that the liquid crystal material is aligned
in a liquid crystal phase. Furthermore, the light irradiation is
preferably conducted at a temperature which is equal to or
higher than the Tg of the liquid crystal material, in order to
enhance the efficiency of the curing sufficiently.

[0116] The liquid crystal layer produced through the
above-described processes becomes a sufficiently solid and
strong film. More specifically, since the three-dimensional
bond of the mesogen portion is achieved by the curing reac-
tion, the liquid crystal layer is significantly improved not only
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in heat-resistance (the upper limit temperature at which the
liquid crystal phase is maintained) but also in mechanical
strength such as resistance to scratch, wear, and cracking
compared with that before being cured.

[0117] Inthe case where there arise problems that the align-
ment substrate to be used is not optically isotropic, the result-
ing liquid crystal film is opaque at a wavelength region where
itis intended to be used, or the alignment substrate is so thick
that it causes a problem in practical use, the liquid crystal
layer may be transferred to a stretched film having a retarda-
tion function. The transferring method may be any conven-
tional 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 film different
from the alignment substrate, for transferring is laminated via
a tacky adhesive or adhesive over a liquid crystal layer on the
alignment substrate and if necessary a tacky adhesive or adhe-
sive 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.

[0118] No particular limitation is imposed on the tacky
adhesive or adhesive to be used for transferring the liquid
crystal film as long as it is of optical grade. Therefore, con-
ventional acrylic-, epoxy-, or urethane-based adhesives may
be used.

[0119] The homeotropic alignment liquid crystal film pro-
duced as described above can be quantified by measuring the
optical retardation at an angle wherein the liquid crystal film
is tilted from a vertical incidence. The optical retardation
value of the homeotropic alignment liquid crystal film is in
contrast with respect to the vertical incidence. There may be
used various methods for the optical retardation measure-
ment. For example, an automated birefringence measuring
device (manufactured by Oji Scientific Instruments) and a
polarization microscope may be used. The homeotropic
alignment liquid crystal film looks black between crossed
nicols polarizers. In this manner, homeotropic alignability
was evaluated.

[0120] The homeotropically-aligned liquid crystal film
used in the present invention is characterized in that when the
thickness thereof is defined as d2, the main refractive indices
in the plane of the film are defined as nx2 and ny2, the main
refractive index in the thickness direction is defined as nz2,
and nz2>nx2=ny2, the retardation value in the plane (Re2=
(nx2-ny2)xd2 [nm]) and the retardation value in the thick-
ness direction (Rth2={(nx2+ny2)/2-nz2}xd2 [nm]) satisfy
the following formulas [4] and [5], respectively:

0=Re2=20 (4]
—500=Rh2=-30, 151
[0121] The Re2 and Rth2 values which are optical param-

eters of the homeotropically-aligned liquid crystal layer can
not be determined with certainty because they depend on the
display mode of the liquid crystal display device and various
optical parameters. However, with respect to a monochromic
light of 550 nm, the retardation value (Re2) in the homeotro-
pic alignment liquid crystal film plane is adjusted to usually
from 0 nm to 20 nm, preferably from 0 nm to 10 nm, more
preferably from O nm to 5 nm and the retardation value (Rth2)
in the thickness direction is adjusted to usually from =500 to
-30 nm, preferably -400 to -50 nm, more preferably from
-400 to -100 nm.
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[0122] Adjustment of the Re2 and Rth2 values within the
above ranges results in a viewing angle improvement film for
a liquid crystal display device which can widen the viewing
angle while compensating the color tone ofthe images. When
the Re2 value is larger than 20 nm, the front characteristics of
the liquid crystal display device would be degraded due to the
large front retardation value. When the Rth2 value is larger
than =30 nm or smaller than =500 nm, sufficient viewing
angle improving effect may not be attained or unnecessary
coloration may occur when viewing the device obliquely.

[0123] Next, the fifth optically anisotropic layer will be
described.
[0124] No particular limitation is imposed on the fifth opti-

cally anisotropic layer. Examples of non-liquid crystalline
materials that can be used for forming the fifth optically
anisotropic layer include triacetyl cellulose, cyclic polyole-
fins such as ZEONEX and ZEONOR (both manufactured by
ZEON CORPORATION) and ARTON (manufactured by
JSR Corporation), other polyolefins such as polypropylene,
and polymers such as polyamides, polyimides, polyesters,
polyetherketones, polyaryletherketones, polyamideimides,
and polyesterimides because of their excellent heat resis-
tance, chemical resistance, transparency, and rigidity. These
polymers may be used alone or in combination. Alternatively,
these polymers may be used in the form of a mixture of two or
more of these polymers having different functional groups
from each other, such as polyaryletherketone and polyamide.
Among these polymers, particularly preferred are polyimides
because of their high transparency and alignability. Examples
of materials comprising liquid crystalline compounds include
cholesterically-aligned film formed from liquid crystal mate-
rials such as cholesteric liquid crystal polymers and choles-
terically aligned layers of liquid crystal materials supported
on a film.

[0125] In order to compensate the viewing angle of the
vertical alignment type liquid crystal layer of a vertical align-
ment type liquid crystal cell, the fifth optically anisotropic
layers satisfy the following formulas [13] and [14] when the
thicknesses of the fifth optically anisotropic layers is defined
as d5, the main refractive indices in the planes are defined as
nx5 and ny5, respectively, the main refractive indices in the
thickness directions is defined as nz5, nx5=ny5>nz5, and the
retardation values in the planes with respect to a light of a
wavelength of 550 nm are defined as (ReS=(nx5-ny5)xd5
[nm] and Rth5={(nx5+ny5)/2-nz5}xd5 [nm]:

0=Re3=20 [13]
100=RthS =400. [14]
[0126] The retardation value (Re5) in the plane of the fifth

optically anisotropic layer can not be determined with cer-
tainty because they depend on the optical thickness of a
vertical alignment type liquid crystal cell or the birefringence
An of a liquid crystal material used therein. However, the
retardation value (Re5) is usually from 0to 20 nm, preferably
from 0 to 10 nm, more preferably from 0 to 5 nm. If the Re5
value deviates from these ranges, the contrast when viewed
from the front would be decreased. The retardation value
(Rth5) in the thickness direction of the fifth optically aniso-
tropic layer is usually from 100 to 400 nm, preferably from
180 to 360 nm, more preferably from 200 to 300 nm. If the
value deviates these ranges, sufficient viewing angle improv-
ing effect may not be attained or unnecessary coloration may
occur when viewing the device obliquely.
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[0127] Thepolarizer usedin the present invention is usually
a polarizer having a protection film on one or both surface
thereof. When a polarizer having a protection film only on one
side thereof is used, the above-described first optically aniso-
tropic layer functions as a protection film as well. The ellip-
tical polarizer of the present invention comprises the first
optically anisotropic layer and the first polarizer laminated so
that the slow axis of the former is perpendicular to the absorp-
tion axis of the latter and can be produced by combining the
polarizer and optically anisotropic layer by a roll-to-roll pro-
cess using a negative biaxial optically anisotropic layer
stretched transversely.

[0128] No particular limitation is imposed on the polarizer.
Therefore, various polarizers may be used. Examples of the
polarizer include those produced by stretching uniaxially a
hydrophilic polymer film such as a polyvinyl alcohol-based
film, apartially formalized polyvinyl alcohol-based film or an
ethylene-vinyl acetate copolymer-based partially saponified
film to which a dichroic substance such as iodine or adichroic
dye is allowed to absorb; and polyene-based alignment films
such as dehydrated products of polyvinyl alcohol and dehy-
drochlorinated products of polyvinyl chloride. Among these
polarizers, it is suitable to use those produced by stretching
and aligning a polyvinyl alcohol-based film to which a dich-
roic substance (iodine or dye) is allowed to absorb. No par-
ticular limitation is imposed on the thickness of the polarizer.
It is, however, common to use a polarizer with a thickness of
5 to 80 pm.

[0129] The polarizer 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.

[0130] The protection film to be arranged on one or both
surfaces of the polarizer are preferably excellent in transpar-
ency, mechanical strength, thermal stability, moisture shield-
ing capability, and isotropy. Examples of materials of the
protection film include polyester-based polymers such as
polyethylene terephthalate and polyethylene naphthalate;
cellulose-based polymers such as diacetyl cellulose and tri-
acetyl cellulose; acryl-based polymers such as polymethyl
methacrylate; styrene-based polymers such as polystyrene
and acrylonitrile styrene copolymers (AS resin); and polycar-
bonate-based polymers. Another examples include polyole-
fin-based polymers such as polyethylene-, polypropylene-
and cycloolefin-based polyolefins, polyolefins having a nor-
bornene structure, and ethylene propylene copolymers; vinyl
chloride-based polymers; amide-based polymers such as
nylon and aromatic polyamides; imide-based polymers; sul-
fone-based polymers; polyether sulfone-based polymers;
polyetheretherketone-based polymers; polyphenylene sul-
fide-based polymers; vinyl alcohol-based polymers;
vinylidene chloride-based polymers; vinyl butyral-based
polymers; arylate-based polymers; polyoxymethylene-based
polymers; epoxy-based polymers; and blends of these poly-
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mers. Another examples include those produced by forming
acryl-, urethane-, acrylurethane-, epoxy-, and silicone-based
thermal or ultraviolet curing type resins, into film shapes. The
thickness of the protection film is generally 500 pm or less,
preferably from 1 to 300 pum, particularly preferably from 5 to
200 um.

[0131] The protective film is preferably a substrate that is
optically isotropic. Examples of such a substrate include tri-
acetyl cellulose (TAC) films such as Fujitac (manufactured by
Fuji Photo Film Co., [td.) and Konicatac (manufactured by
Konica Minolta Opto, Inc.); cycloolefin-based polymers such
as Art on film (manufactured by JSR), ZEONOR film and
Zeonex film (both manufactured by Zeon Corp.); TPX film
(manufactured by Mitsui Chemical Inc.); and Acryplene film
(manufactured by Mitsubishi Rayon Co., Ltd.). Triacetyl cel-
lulose and cycloolefin-based polymers are preferably used in
view of flatness, heat resistance or humidity resistance when
they are used for an elliptical polarizer.

[0132] When the protection film is arranged on both sur-
faces of the polarizer, the protection film on the top surface
may be formed with the same or different polymer of the
protection film on the bottom surface. The polarizer is
attached to the protection film 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.

[0133] 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.

[0134] Thehard coat treatment is carried out for preventing
scratching on the polarizing film surfaces by forming a cur-
able 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 treat-
ment is carried out for preventing external light from reflect-
ing on a polarizing film surface and may be achieved by
forming an anti-reflection film in accordance with a conven-
tional manner. The anti-sticking treatment is carried out to
prevent adhesion between the adjacent layers.

[0135] Theanti-glare treatment is carried out for preventing
the inhibition of visibility of a light transmitting through the
polarizing film caused by the reflection of the natural light on
a polarizing film surface, by forming fine irregularities on a
protection film surface by roughing such as sand blasting or
embossing 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 trans-
parent fine particles, for example, inorganic fine particles of
an average particle diameter of 0.5 to 50 um, which may be
electrically conductive, such as silica, alumina, titania, zirco-
nia, 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 protection 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 enlarg-
ing the light transmitting through the polarizing film and thus
enlarging the viewing angle.

[0136] The anti-reflection layer, anti-sticking layer, diffu-
sion layer and anti-glare layer may be formed integrally on
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the protection film or may be formed as an additional optical
layer separately from the transparent protection layer.
[0137] The first, second, third, fourth, and fifth optically
anisotropic layers and the polarizer may be attached to each
other via a tacky adhesive layer. No particular limitation is
imposed on a tacky adhesive forming the tacky adhesive
layer. Any tacky adhesive may be used which is appropriately
selected from those containing a polymer such as an acrylic
polymer, a silicone-based polymer, a polyester, a polyure-
thane, a polyamide, a polyether, a fluorine- or rubber-based
polymer as a base polymer. In particular, it is preferable to use
a tacky adhesive such as an acrylic tacky adhesive which is
excellent in optical transparency and in weather resistance
and heatresistance and exhibits tackiness characteristics such
as moderate wetness, cohesivity and adhesivity.

[0138] The formation of the tacky adhesive layer may be
carried out by any suitable method. A method is exemplified,
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 obtaining a tacky adhesive
solution containing 10 to 40 percent by mass of the adhesive,
which solution is then directly laid over the above-described
substrate or liquid crystal film by an appropriate developing
method such as casting or coating or alternatively wherein a
tacky adhesive layer is formed in accordance with the method
as described above on a separator and then transferred onto
the liquid crystal layer. The tacky adhesive layer may contain
additives such as natural or synthetic resins, in particular
fillers or pigments containing tackiness-imparting resins,
glass fibers, glass beads, metal powders, and other inorganic
powders, dyes, anti-oxidants. The tacky adhesive layer may
contain fine particles so as to exhibit light diffusivity.

[0139] When each of the optically anisotropic layers are
attached to other optically anisotropic layer via a tacky adhe-
sive layer, they may be subjected to a surface treatment so as
to enhance the adhesion to the tacky adhesive layer. No par-
ticular limitation is imposed on the method of the surface
treatment. A surface treatment such as corona discharge, sput-
tering, low-pressure UV irradiation, or plasma treatment,
which can maintain the transparency of the liquid crystal film
surface may be suitably used. Among these surface treat-
ments, corona discharge treatment is excellent.

EXAMPLES

[0140] The present invention will be further described in
the following examples, but the present invention should not
be construed as being limited thereto.

[0141]
follows.

The analyzing methods used in the examples are as

(1) 'H-NMR Measurement

[0142] A compound was dissolved in deuterated chloro-
form and was determined by means of "H-NMR at 400 MHz
(INOVA-400 manufactured by Varinat Co., Ltd.).

(2) GPC Measurement

[0143] The GPC measurement was carried out by dissolv-
ing a compound in tetrahydrofuran, using 8020 GPC system
manufactured by TOSOH CORPORATION equipped with
TSK-GEL, Super H1000, Super H2000, Super H3000, and
Super H4000 which are connected in series and tetrahydro-
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furan as an eluent solvent. Polystyrene was used as a standard
for calibration of the molecular weight.

(3) Observation Through Microscope

[0144] A liquid crystal aligned state was observed using an
Olympus BH2 polarizing microscope.

(4) Measurement of Film Thickness

[0145] Measurement of a film thickness was carried out
using SURFACE TEXTURE ANALYSIS SYSTEM Dektak
3030ST manufactured by SLOAN Co. A method was also
used in which the film thickness was determined by interfer-
ence measurement (“Ultraviolet Visible Near-Infrared Spec-
trophotometer V-570” available from JASCO Corporation)
and refractive index data.

(5) Parameter Measurement of Liquid Crystal Film

[0146] The measurement was carried out using an auto-
matic birefringence analyzer KOBRA21ADH manufactured
by Oji Scientific Instruments.

Reference Example 1
Production of Polarizer

[0147] A polyvinyl alcohol film was immersed in hot water
to be allowed to expand and then dyed in a iodine/potassium
iodide solution and uniaxially stretched in a boric acid aque-
ous solution thereby producing a polarizer with a spectropho-
tometer. As the result of examination of the single transmit-
tance, parallel transmittance, and crossed transmittance of the
polarizer, the transmittance and polarizing efficiency were
found to be 43.5% and 99.9%, respectively.

Reference Example 2

[0148] A liquid crystalline polymer represented by formula
(8) below was synthesized. With regard to the molecular
weight in terms of polystyrene, Mn=8000 and Mw=15000.
The representation in formula (8) indicates the structural ratio
of the monomers but does not mean a block copolymer.

725
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rich Co.) at a dark place and filtration of insolubles with a
polytetrafluoroethylene filter with a pore size of 0.45 pm
thereby producing a liquid crystal material solution.

[0150] An alignment substrate was prepared as follows. A
polyethylene naphthalate film with a thickness of 38 pm
(manufactured by TEIJIN LIMITED) was cut into a size of 15
cm square and spin-coated with a solution of 5 percent by
mass of an alkyl-modified polyvinyl alcohol (PVA: MP-203
manufactured by KURARAY CO., LTD.) (solvent was a
mixed solvent of water and isopropyl alcohol at a mass ratio
of 1:1). The coated film was dried on ahot plate kept at 50° C.
for 30 minutes and heated at 120° C. in an oven for 10
minutes. The PVA layer was rubbed with a rayon cloth. The
thickness of the resulting PVA layer was 1.2 pm. The rubbing
peripheral velocity ratio (the moving velocity of the rubbing
cloth/the moving velocity of the substrate film) was set to 4.
[0151] On the resulting alignment substrate was spin-
coated the liquid crystal material solution produced above.
The coated alignment substrate was dried on a hot plate kept
at 60° C. for 10 minutes and heated at 150° C. in an oven for
2 minutes thereby aligning the liquid crystal material. The
substrate was placed on an aluminum plate heated at 60° C.,
making contact therewith and irradiated with an ultraviolet
light of 600 mJ/em® (measured at 365 nm) using a high
pressure mercury lamp thereby curing the liquid crystal mate-
rial.

[0152] Since the polyethylene naphthalate film used as a
substrate was large in birefringence and thus not preferable
for an optical film, the resulting liquid crystal film on the
alignment substrate was transferred via an ultraviolet curing
type adhesive onto a triacetylcellulose (TAC) film. More spe-
cifically, the adhesive with a thickness of 5 um was coated
over the cured liquid crystal material layer on the polyethyl-
ene naphthalate film and laminated with a TAC film. After the
laminate was subjected to an irradiation of ultraviolet light
from the TAC film side so as to cure the adhesive, the poly-
ethylene naphthalate film and PVA layer were released.
[0153] As the result of observation of the resulting optical
film (liquid crystal layer/adhesive layer/TAC film) through a
polarizing microscope, it was confirmed that the film was
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[0149] In9mlof cyclohexanone was dissolved 1.0 g of the
polymer of formula (8), followed by addition of 0.1 g of a
propylene carbonate solution of 50 percent of triarylsulfo-
nium hexafluoroantimonate (a reagent manufactured by Ald-

aligned in a monodomain uniform aligned state having no
disclination. As the result of observation of the optical film
through a conoscope, it was confirmed that the alignment was
ahomeotropic alignment having a positive uniaxial refraction
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structure. As the result of measurement using
KOBRA21ADH, the combination of the TAC film and the
liquid crystal layer was found to have a retardation in the
plane direction of 0.5 nm and a retardation in the thickness
direction of =195 nm. The TAC film itself had a negative
uniaxiality and a retardation in the plane of 0.5 nm and a
retardation in the thickness direction of +35 nm. Therefore, it
was assessed that the liquid crystal layer itself had a retarda-
tion Re of 0 nm and a retardation Rth of =230 nm. In Example
1 and the following examples thereof, when the optical film
was attached to other members, the TAC film was removed
and only the homeotropically-aligned liquid crystal layer was
used. The thickness of the homeotropically-aligned liquid
crystal layer was 1.3 um.

[0154] The above-described homeotropically-aligned lig-
uid crystal layer corresponds to the second optically aniso-
tropic layer.

Example 1

[0155] The configuration of an elliptical polarizer will be
described with reference to FIG. 1.

[0156] A transparent protection layer is formed by adhering
a triacetyl cellulose (TAC) film 2 with a thickness of 40 pm, a
front retardation of 6 nm, and a thickness retardation of 60 nm
on one surface of the polarizer produced in Reference
Example 1 via a polyvinyl alcohol-based adhesive. A first
optically anisotropic layer 3 (ZEONOR manufactured by
ZEON CORPORATION) having the slow axis in the roll
width direction produced by transverse uniaxial stretching
was adhered on the other side of the polarizer having the
absorption axis in the roll longitudinal direction by roll-to-
roll lamination via a polyvinyl alcohol-based adhesive so that
the absorption axis is perpendicular to the slow axis. On the
first optically anisotropic layer 3 was laminated the second
optically anisotropic layer 4 produced in Reference Example
2 via an acrylic tacky adhesive. On the second optically
anisotropic layer 4 was laminated a third optically anisotropic
layer 5 (ZEONOR manufactured by ZEON CORPORA-
TION) via an acrylic tacky adhesive thereby producing an
elliptical polarizer. The resulting elliptical polarizer had a
thickness of 231 um. The retardations Rel and Rthl of the
first optically anisotropic layer 3 were 100 nm and 90 nm,
respectively. The retardations Re3 and Rth3 of the third opti-
cally anisotropic layer 5 were 137.5 nm and 210 nm, respec-
tively.

Example 2

[0157] The vertical alignment type liquid crystal display
device of Example 2 will be described with reference to FIGS.
2 and 3.

[0158] A transparent electrode 8 formed of an ITO layer
with high transmissivity was formed on a substrate 7, and a
counter electrode 10 was formed on a substrate 9. Between
the transparent electrode 8 and the counter electrode 10 was
sandwiched aliquid crystal layer 11 formed of a liquid crystal
material exhibiting a negative dielectric anisotropy.

[0159] On the contacting surfaces between the liquid crys-
tal layer 11 and the transparent electrode 8 and the counter
electrode 10 were formed alignment layers with vertical
alignability (not shown), at least one of which had been sub-
jected to an aligning treatment such as rubbing after being
coated.
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[0160] The liquid crystal molecules in the liquid crystal
layer 11 had a tilt angle of 1 degree with respect to the vertical
direction of the substrate surfaces due to the alignment treat-
ment such as rubbing on the alignment layer.

[0161] Because of the use of the liquid crystal material
exhibiting a negative dielectric anisotropy for the liquid crys-
tal layer 11, the liquid crystal molecules tilted toward the
parallel direction with respect to the substrate surfaces upon
application of an electric voltage between the transparent
electrode 8 and the counter electrode 10.

[0162] As the liquid crystal material for the liquid crystal
layer 11 was used a liquid crystal material having a refractive
index anisotropy wherein Ne (refractive index to extraordi-
nary light)=1.561, No (refractive index to ordinary light)=1.
478, and AN(Ne-N0)=0.083, and the cell gap was 4.7 um.
[0163] The elliptical polarizer produced in Example 1 was
arranged on the display side (upper side of the drawing) of the
vertical alignment type liquid crystal cell 12. A linear polar-
izer 13 (thickness: about 105 um, SQW-062 manufactured by
Sumitomo Chemical Co., Ltd.) was arranged below the rear
side (lower side of the drawing) of the vertical alignment type
liquid crystal cell 12. Between the lower linear polarizer 13
and the liquid crystal cell 12 was arranged a fourth optically
anisotropic layer 14 (ZEONOR manufactured by ZEON
CORPORATION). The Rth of triacetyl cellulose used as the
supporting substrate of the linear polarizer (SQW-062 manu-
factured by Sumitomo Chemical Co., Ltd.) was 35 nm.
[0164] The absorption axis orientations of the polarizer 1
and the linear polarizer 13 were set to 90 degrees and 0 degree
in the plane, respectively, as indicated by arrows in FIG. 3.
The first optically anisotropic layer 3 was formed of an optical
element having an optical axis in the plane and a negative
biaxial optical anisotropy. The slow axis orientation of the
first optically anisotropic layer 3 was set to 0 degree, as
indicated by an arrow in FIG. 3, and the layer 3 had a retar-
dation in the plane Rel of 100 nm and a retardation in the
thickness direction Rth1 of 90 nm.

[0165] The third and fourth optically anisotropic layers 5,
14 were each formed of an optical element having an optical
axis in the plane and a negative biaxial optical anisotropy. The
slow axis orientations of the third and fourth optically aniso-
tropic layers 5, 14 were set to 45 degrees and 135 degrees,
respectively, as indicated by arrows in FIG. 3, and the layers
5, 14 had retardations Re3, Re4 of 137.5 nm and retardations
Rth3, Rth4 of 210 nm.

[0166] The second optically anisotropic layer 4 formed of
the homeotropically-aligned liquid crystal film had a retarda-
tion Re2 of 0 nm and a retardation Rth2 of =230 nm.

[0167] FIG. 4 shows the contrast ratio from all the direc-
tions defined by the transmissivity ratio of black image 0V
and white image 5V “(white image)/(black image)”. The
contrast contour lines indicate 500, 200, 100 and 50 from the
innermost. The concentric circles indicate angles of an inter-
val of 10 degrees from the center. Therefore, the outermost
circle indicates 80 degrees (the same is applied to the subse-
quent drawings).

Example 3

[0168] The vertical alignment type liquid crystal display
device of Example 3 will be described with reference to FIGS.
5and 6.

[0169] A vertical alignment type liquid crystal display
device was produced in accordance with the procedures of
Example 2 except that a fifth optically anisotropic layer 15
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(ARTON manufactured by JSR) was arranged between the
vertical alighment type liquid crystal cell 12 and fourth opti-
cally anisotropic layer 14 of Example 2 and the retardations
Re3 and Red and Rth3 and Rth4 of the third and fourth
optically anisotropic layers 5, 14 were changed to 137.5 nm
and 145 nm. The fifth optically anisotropic layer 15 had a
retardation Re5 of 0 and a retardation Rth5 of 120 nm.
[0170] FIG. 7 shows the contrast ratio from all the direc-
tions defined by the transmissivity ratio of black image 0V
and white image 5V “(white image)/(black image)”.

Example 4

[0171] A transflective vertical alignment type liquid crystal
display device was produced in accordance with the proce-
dures of Example 2 except that a transflective vertical align-
ment type liquid crystal display device described below was
produced.

[0172] The transflective vertical alignment type liquid
crystal display device will be described with reference to
FIGS. 8 and 9.

[0173] A reflective electrode 16 formed of an Al layer with
high reflectivity and a transparent electrode 8 formed of an
ITO layer with high transmissivity were formed on a substrate
7, and a counter electrode 10 was formed on a substrate 9.
Between the reflective and transparent electrodes 16, 8 and
the counter electrode 10 was sandwiched a liquid crystal layer
11 formed of a liquid crystal material exhibiting a negative
dielectric anisotropy.

[0174] On the contacting surfaces between the liquid crys-
tal layer 11 and the reflective and transparent electrodes 16, 8
and the counter electrode 10 were formed alignment layers
with vertical alignability (not shown), at least one of which
had been subjected to an aligning treatment such as rubbing
after being coated.

[0175] The liquid crystal molecules in the liquid crystal
layer 11 had a tilt angle of 1 degree with respect to the vertical
direction of the substrate surfaces due to the alignment treat-
ment such as rubbing on the alignment layer with vertical
alignability.

[0176] Because of the use of the liquid crystal material
exhibiting a negative dielectric anisotropy for the liquid crys-
tal layer 11, the liquid crystal molecules tilted toward the
parallel direction with respect to the substrate surfaces upon
application of an electric voltage between the reflective and
transparent electrodes 16, 8 and the counter electrode 10.
[0177] As the liquid crystal material for the liquid crystal
layer 11 was used the same material as that used in Example
2. The cell gaps at the reflective electrode part and at the
transparent electrode part were 2.4 um and 4.7 um, respec-
tively.

[0178] The slow axis orientations of the third and fourth
optically anisotropic layers 5, 14 were set to 45 degrees and
135 degrees, respectively. The third and fourth optically
anisotropic layers 5, 14 had retardations Re3, Re4 of 137.5
nm and retardations Rth3, Rthd of 210 nm, respectively, that
are the same as those in Example 2.

[0179] FIG. 10 shows the contrast ratio from all the direc-
tions defined by the transmissivity ratio of black image 0V
and white image 5V “(white image)/(black image)”.

Comparative Example 1

[0180] The vertical alignment type liquid crystal display
device used in Comparative Example 1 will be described with
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reference to FIGS. 11 and 12. A linear polarizer 20 (thickness:
about 105 wm, SQW-062 manufactured by Sumitomo Chemi-
cal Co., Ltd.) was arranged above the displaying side (upper
side of the drawing) of the vertical alignment type liquid
crystal cell 12 that was the same as the cell used in Example
2. Between the upper linear polarizer 20 and the liquid crystal
cell 12 were arranged a positive uniaxial optically anisotropic
layer 18 (ZEONOR manufactured by ZEON CORPORA-
TION) produced by longitudinal uniaxial stretching, a second
optically anisotropic layer 4 formed of the homeotropically-
alignment liquid crystal film produced in Reference Example
2, and a third optically anisotropic layer 5 (ZEONOR manu-
factured by ZEON CORPORATION). A linear polarizer 13
(thickness: about 105 um, SQW-062 manufactured by Sumi-
tomo Chemical Co., Ltd.) was arranged below the rear side
(lower side of the drawing) of the vertical alignment type
liquid crystal cell 12. Between the lower linear polarizer 13
and the liquid crystal cell 12 was arranged a fourth optically
anisotropic layer 14 (ZEONOR manufactured by ZEON
CORPORATION). The Rth of the triacetyl cellulose used as
the supporting substrate of the linear polarizer (SQW-062
manufactured by Sumitomo Chemical Co., Ltd.) was 35 nm.
The thickness of the elliptical polarizer arranged above the
display side of the vertical alignment type liquid crystal cell
12 was 286 pm.

[0181] The absorption axis orientations of the polarizer 1
and linear polarizers 13 were set to 90 degrees and O degree in
the plane, respectively, as indicated by arrows in FIG. 12. The
positive uniaxial optically anisotropic layer 18 was formed of
an optical element having an optical axis in the plane and a
positive uniaxial optical anisotropy. The slow axis orientation
of the positive uniaxial optically anisotropic layer 18 was set
to 0 degree, as indicated by an arrow in FIG. 12, and the layer
18 had a plane retardation Re of 120 nm and a thickness
retardation Rth of 60 nm.

[0182] The third and fourth optically anisotropic layers 5,
14 were each formed of an optical element having an optical
axis in the plane and a negative biaxial optical anisotropy. The
slow axis orientations of the third and fourth optically aniso-
tropic layers 5, 14 were set to 45 degrees and 135 degrees,
respectively, as indicated by arrows in FIG. 12, and the layers
5, 14 had retardations Re3, Re4 of 137.5 nm and retardations
Rth3, Rth4 of 210 nm.

[0183] The second optically anisotropic layer 4 formed of
the homeotropically-aligned liquid crystal film had a retarda-
tion Re2 of 0 nm and a retardation Rth2 of =230 nm.

[0184] FIG. 13 shows the contrast ratio from all the direc-
tions defined by the transmissivity ratio of black image 0V
and white image 5V “(white image)/(black image)”.

[0185] As the result of comparison between the contrast
contours in the all direction shown in FIGS. 4 and 7 and those
in FIG. 13, it was found that substantially equal viewing angle
characteristics were obtained.

[0186] However, comparing with the elliptical polarizer
(thickness: 231 um) produced in Example 1, the whole thick-
ness of the laminate arranged above the vertical alignment
type liquid crystal cell 12 in FIG. 11 was 286 pm and thus
thicker than the elliptical polarizer. This is because the posi-
tive uniaxial anisotropic layer 18 produced by uniaxial lon-
gitudinal stretching can not be laminated with the polarizer by
a roll-to-roll method so that the absorption axis of the polar-
izer is perpendicular to the slow axis of the positive uniaxial
anisotropic layer 18 and thus the laminate became thicker by
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the thickness of the transparent protection layer 19 arranged
between the polarizer and the positive uniaxial anisotropic
layer to protect the polarizer.

INDUSTRIAL APPLICABILITY

[0187] Thepresent invention provides an inexpensive ellip-
tical polarizer with excellent viewing angle characteristics
and a vertical alignment type liquid crystal display device
using the elliptical polarizer.

DESCRIPTION OF NUMERALS

[0188] 1: polarizer, 2: transparent protection layer, 3: first
optically anisotropic layer, 4: second optically anisotropic
layer, 5: third optically anisotropic layer, 6: elliptical polar-
izer, 7: substrate, 8: transparent electrode, 9: substrate, 10:
counter electrode, 11: liquid crystal layer (vertically aligned),
12: vertical alignment type liquid crystal cell, 13: linear polar-
izer, 14: fourth optically anisotropic layer, 15: fifth optically
anisotropic layer, 16: reflective electrode, 17: transflective
vertical alignment type liquid crystal cell, 18: positive
uniaxial optically anisotropic layer, 19: transparent protec-
tion layer, 20: linear polarizer

1. An elliptical polarizer comprising at least a first polar-
izer, a first optically anisotropic layer, a second optically
anisotropic layer, and a third optically anisotropic layer, lami-
nated in this order, wherein the first optically anisotropic layer
satisfies the following requirements [1] to [3]:

S0=Rel =500 [1]
30=Rth1=750 [2]
0.6<Rth1/Re1<1.5 [3]

wherein Rel and Rthl denote the retardation values in the
plane and thickness direction of the first optically anisotropic
layer, respectively and are defined as Rel=(nx1-nyl)xdl
[nm] and Rth1={(nx1+ny1)/2-nz1}xdl [nm], respectively
wherein d1 indicates the thickness of the first optically aniso-
tropic layer, nx1 and ny1 indicate the main refractive indices
in the plane of the first optically anisotropic layer with respect
to a light of a wavelength of 550 nm, nz1 indicates the main
refractive index in the thickness direction of the first optically
anisotropic layer with respect to a light ofa wavelength of 550
nm, and nx1>nyl1=nz1,

the second optically anisotropic layer satisfies the follow-

ing requirements [4] and [5]:

D=Re2=20 [4]

-500=Rth2=-30 [5]

wherein Re2 and Rth2 denote the retardation values in the
plane and thickness direction of the second optically aniso-
tropic layer, respectively and are defined as Re2=(nx2-ny2)x
d2 [nm] and Rth2={(nx2+ny2)/2-nz2}xd2 [nm], respec-
tively wherein d2 indicates the thickness of the second
optically anisotropic layer, nx2 and ny2 indicate the main
refractive indices in the plane of the second optically aniso-
tropic layer with respect to alight of a wavelength of 550 nm,
nz2 indicates the main refractive index in the thickness direc-
tion of the second optically anisotropic layer with respectto a
light of a wavelength of 550 nm, and nz2>nx2=ny2; and the
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third optically anisotropic layer satisfies the following
requirements [6] to [8]:

100=Re3 =180 [6]
50=Rth3=600 !
0.5=Rih3/Re3<3.5 8]

wherein Re3 and Rth3 denote the retardation values in the
plane and thickness direction of the third optically anisotropic
layer, respectively and are defined as Re3=(nx3-ny3)xd3
[nm] and Rth3={(nx3+ny3)/2-nz3}xd3 [nm], respectively
wherein d3 indicates the thickness of the third optically aniso-
tropic layer, nx3 and ny3 indicate the main refractive indices
in the plane of the third optically anisotropic layer with
respect to a light of a wavelength of 550 nm, nz3 indicates the
main refractive index in the thickness direction of the third
optically anisotropic layer with respect to a light of a wave-
length of 550 nm, and nx3>ny3=nz3.

2. The elliptical polarizer according to claim 1, wherein the
second optically anisotropic layer comprises a homeotropi-
cally aligned liquid crystal film produced by aligning and
fixing a liquid crystalline composition exhibiting a positive
uniaxiality, in a homeotropic alignment while the composi-
tion 1s in the liquid crystal state.

3. The elliptical polarizer according to claim 2, wherein the
liquid crystalline composition exhibiting a positive uniaxial-
ity comprises a side chain liquid crystalline polymer having
an oxetanyl group.

4. The elliptical polarizer according to claim 1, wherein the
first and third optically anisotropic layers each comprise a
polycarbonate or a cyclic polyolefin.

5. The elliptical polarizer according to claim 1, wherein the
third optically anisotropic layer further satisfies the following
requirement [12]:

0.7=Re3(450)/Re3(590)<1.05 [12]

wherein Re3(450) and Re3(590) indicate the retardation
values in the plane ofthe third optically anisotropic layer
with respect to lights of wavelengths of 450 nm and 590
nm, respectively.

6. The elliptical polarizer according to claim 1, wherein
when the angle formed by the absorption axis of the first
polarizer and the slow axis of the first optically anisotropic
layer is defined as “r”, the first polarizer and first optically
anisotropic layer are laminated so as to satisfy 80°=r=100°.

7. The elliptical polarizer according to claim 1, wherein
when the angle formed by the absorption axis of the first
polarizer and the slow axis of the third optically anisotropic
layer is defined as “p”, p satisfies 40°=p=50°.

8. The elliptical polarizer according to claim 1, wherein the
first optically anisotropic layer also acts as a protection layer
for the first polarizer.

9. A vertical alignment type liquid crystal display device
comprising at least a first polarizer, a first optically anisotro-
pic layer, a second optically anisotropic layer, a third optically
anisotropic layer, a vertical alignment type liquid crystal cell
comprising a pair of substrates each provided with electrodes
and liquid crystal molecules disposed therebetween, the lig-
uid crystal molecules being aligned vertically to the sub-
strates when no electric voltage is applied, a fourth optically
anisotropic layer, and a second polarizer, arranged in this
order, wherein
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the first optically anisotropic layer satisfies the following
requirements [1] to [3]:

50=Rel =500 [
30=Rth1=750 2]
0.6<Rihl/Rel =15 3]

wherein Rel and Rth1 denote the retardation values in the
plane and thickness direction of the first optically aniso-
tropic layer, respectively and are defined as Rel=(nx1-
ny1)xd1 [nm] and Rth1={(nx1+ny1)/2-nz1}xd1 [nm],
respectively wherein d1 indicates the thickness of the
first optically anisotropic layer, nx1 and ny1 indicate the
main refractive indices in the plane of the first optically
anisotropic layer with respect to a light of a wavelength
of 550 nm, nz1 indicates the main refractive index in the
thickness direction of the first optically anisotropic layer
with respect to a light of a wavelength of 550 nm, and
nx1>nyl=nzl;

the second optically anisotropic layer satisfies the follow-
ing requirements [4] and [5]:

D=Re2=20 [4]

-500=Rth2=-30 [5]

wherein Re2 and Rth2 denote the retardation values in the
plane and thickness direction of the second optically
anisotropic layer, respectively and are defined as Re2=
(nx2-ny2)xd2 [nm] and Rth2={(nx2+ny2)/2-nz2}xd2
[nm], respectively wherein d2 indicates the thickness of
the second optically anisotropic layer, nx2 and ny2 indi-
cate the mainrefractive indices in the plane of the second
optically anisotropic layer with respect to a light of a
wavelength of 550 nm, nz2 indicates the main refractive
index in the thickness direction of the second optically
anisotropic layer with respect to a light of a wavelength
of 550 nm, and nz72>nx2=ny?2;

the third optically anisotropic layer satisfies the following
requirements [6] to [8]:

100=Re3=180 6]
50=Rth3=600 7
0.5=Rih3/Re3=3.5 8]

wherein Re3 and Rth3 denote the retardation values in the
plane and thickness direction of the third optically aniso-
tropic layer, respectively and are defined as Re3=(nx3-
ny3)xd3 [nm] and Rth3={(nx3+ny3)/2-nz3}xd3 [nm],
respectively wherein d3 indicates the thickness of the
third optically anisotropic layer, nx3 and ny3 indicate
the main refractive indices in the plane of the third opti-
cally anisotropic layer with respect to a light of a wave-
length of 550 nm, nz3 indicates the main refractive index
in the thickness direction of the third optically anisotro-
pic layer with respect to a light of a wavelength of 550
nm, and nx3>ny3=nz3; and

the fourth optically anisotropic layer satisfies the following
requirements [9] to [11]:

100=Re4=180 [9
S0=Rth4=600 [10]
0.5=Rth4/Re4=3.5 [11]
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wherein Red and Rthd denote the retardation values in the
plane and thickness direction of the fourth optically
anisotropic layer, respectively and are defined as Red=
(nx4-ny4)xd4 [nm] and Rthd={(nx4+ny4)/2-nz4}xd4
[nm], respectively wherein d4 indicates the thickness of
the fourth optically anisotropic layer, nx4 and ny4 indi-
cate the main refractive indices in the plane of the fourth
optically anisotropic layer with respect to a light of a
wavelength of 550 nm, nz4 indicates the main refractive
index in the thickness direction of the fourth optically
anisotropic layer with respect to a light of a wavelength
of 550 nm, and nx4>ny4=nz4.

10. The vertical alignment type liquid crystal display
device according to claim 9, further comprising a fifth opti-
cally anisotropic layer satisfying the following requirements
[13] and [14] arranged between the vertical alignment type
liquid crystal cell and the fourth optically anisotropic layer,

0=Re5=20 [13]
100=RthS =400 [14]

wherein Re5 and RthS denote the retardation values in the
plane and thickness direction of the fifth optically aniso-
tropic layer, respectively and are defined as Re5=(nx5-
ny5)xd5 [nm] and Rth5={(nx5+ny5)/2-nz5}xd5 [nm],
respectively wherein d5 indicates the thickness of the
fifth optically anisotropic layer, nx5 and ny5 indicate the
main refractive indices in the plane of the fifth optically
anisotropic layer with respect to a light of a wavelength
of 550 nm, nz5 indicates the main refractive index in the
thickness direction of the fifth optically anisotropic layer
with respect to a light of a wavelength of 550 nm, and
nx5Zny5>nz5.

11. The vertical alignment type liquid crystal display
device according to claim 9, wherein the second optically
anisotropic layer comprises a homeotropically aligned liquid
crystal film produced by aligning and fixing a liquid crystal-
line composition exhibiting a positive uniaxiality, in a homeo-
tropic alignment while the composition is in the liquid crystal
state.

12. The vertical alignment type liquid crystal display
device according to claim 11, wherein the liquid crystalline
composition exhibiting a positive uniaxiality comprises a side
chain liquid crystalline polymer having an oxetanyl group.

13. The vertical alignment type liquid crystal display
device according to claim 9, wherein the first, third and fourth
optically anisotropic layers each comprise a polycarbonate or
a cyclic polyolefin.

14. The vertical alignment type liquid crystal display
device according to claim 9, wherein the third optically aniso-
tropic layer further satisfies the following requirement [12]:

0.7=Re3(450)/Re3(590)=1.05 [2]

wherein Re3(450) and Re3(590) indicate the retardation
values in the plane ofthe third optically anisotropic layer
with respect to lights of wavelengths of 450 nm and 590

nm, respectively.
15. The vertical alignment type liquid crystal display
device according to claim 9, wherein the fourth optically
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anisotropic layer further satisfies the following requirement
[15]:

0.7=Re4(450)/Re4(590)=1.05 [15]

wherein Re4(450) and Re4(590) indicate the retardation
values in the plane of the fourth optically anisotropic
layer with respect to lights of wavelengths of 450 nm and
590 nm, respectively.

16. The vertical alignment type liquid crystal display
device according to claim 9, wherein the fifth optically aniso-
tropic layeris alayer formed from at least one type of material
selected from the group consisting of liquid crystalline com-
pounds, triacetyl cellulose, cyclic polyolefins, polyolefins,
polyamides, polyimides, polyesters, polyether ketones, pol-
yarylether ketones, polyamide imides, and polyester imides.

17. The vertical alignment type liquid crystal display
device according to claim 9, wherein when the angle formed
by the absorption axis of the first polarizer and the slow axis
ofthe first optically anisotropic layer is defined as “r”, the first
polarizer and third optically anisotropic layer are laminated
so as to satisfy 80°=r=100°.

18. The vertical alignment type liquid crystal display
device according to claim 9, wherein the third optically aniso-
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tropic layer and the fourth optically anisotropic layer are
laminated so that their slow axes form an angle of 80° to 100°.

19. The vertical alignment type liquid crystal display
device according to claim 9, wherein when the angle formed
by the absorption axis of the first polarizer and the slow axis
of the third optically anisotropic layer is defined as “p” and
the angle formed by the absorption axis of the second polar-
izer and the slow axis of the fourth optically anisotropic layer
is defined as “q”, p satisfies 40°=p=50° and q satisfies
40°=q=50°.

20. The vertical alignment type liquid crystal display
device according to claim 9, wherein the first optically aniso-
tropic layer also acts as a protection layer for the first polar-
izer.

21. The vertical alignment type liquid crystal display
device according to claim 9, wherein one of the pair of sub-
strates of the vertical alignment type liquid crystal cell is a
substrate having a region with a reflection function and a
region with a transmission function.
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