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(57) ABSTRACT

A liquid-crystal display device comprising a liquid-crystal
cell comprising a liquid-crystal layer that aligns vertically to
the substrate thereof'in the black state, first and second polar-
izing elements that are disposed to sandwich the liquid-crys-
tal cell therebetween so that their absorption axes are orthogo-
nal to each other, a retardation film A and a retardation film B,
wherein the retardation films A and B are equivalent to each
other in terms of retardation in plane at a wavelength of 548
nm, Re(548), and retardation along thickness direction at a
wavelength of 548 nm, Rth(548) thereof, but differ from each
other in terms of the wavelength dispersion characteristics of
retardation in plane Re and/or retardation along thickness
direction Rth thereof in a visible light region, is disclosed.
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LIQUID-CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit of priority under 35
U.S.C. 119 to Japanese Patent Application No. 2008-023526
filed on Feb. 4, 2008, which is expressly incorporated herein
by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention relates to a liquid-crystal dis-
play device comprising a polarizer and a retardation film, and
in particular to a VA (vertical alignment)-mode liquid-crystal
display device.

[0004] 2. Background Art

[0005] It is known that a VA-mode liquid-crystal display
device can realize a broad viewing angle, or that is, can have
improved display characteristics, as comprising polarizers
each disposed on and below a liquid-crystal cell with their
absorption axes orthogonal to each other, and having an opti-
cally biaxial retardation film disposed between each polarizer
and the liquid-crystal cell (for example, Japanese Patent
3330574).

[0006] FIG. 6B shows a cross section of a liquid-crystal
display device in which the above-mentioned, optically-bi-
axial retardation films having the same optical anisotropy are
disposed on and below the VA-cell; and FIG. 6A shows the
polarization state of the light that passes through the consti-
tutive layers, as arrows on a Poincare sphere. In this system,
a film of'the same type may be disposed on and below the VA
cell to enable optical compensation, therefore having the
advantage in that the mass-scale production cost is reduced.
However, replacing a liquid crystal cell in this system with
another, having a different And, always needs to re-optimize
retardation in plane Re and retardation along thickness direc-
tion Rth of the biaxial retardation films for compensating
birefringence of the another liquid crystal cell (for example,
as shown in FIGS. 7A and 7B). Variously changing And of the
liquid-crystal cell is under investigation for the purpose of
power saving and rapid response; and trying to compensate
the system employing the such a different liquid crystal cell
by two retardation films having the same optical anisotropy,
the optimum optical characteristics of the retardation films
must be re-planned for each of liquid-crystal cells having a
different value of And, and the production line must thereby
be re-planned.

[0007] On the other hand, a system has been proposed for
reducing the light leakage depending on the variation of
wavelength of light, or that is, for reducing the color shift in
undesirable coloration in blue or red, which is observed in the
oblique directions in the black state of liquid-crystal display
devices. In the proposed system, used are two retardation
films, concretely, an optically-positive monoaxial film (gen-
erally A plate) and an optically-negative monoaxial film (gen-
erally C plate), having a specific wavelength dispersion char-
acteristics of retardation (for example, Japanese Patent
3648240). FIG. 8B shows a cross section of a liquid-crystal
display device of a combination of A plate and C plate; and
FIG. 8A shows the polarization state of the light that passes
through the constitutive layers, as arrows on a Poincare
sphere. In this system, it is unnecessary to change the optical
characteristics of the A plate for optical compensation of the
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liquid-crystal cell of which the And may change variously;
and in this, only changing the optical characteristics of the C
plate may be enough to satisfy the condition of the changing
And of the liquid-crystal cell (for example, as shown in FIGS.
9A and 9B). However, this system requires polarization
change with the A plate to the vertical line that passes through
the extinction point P, and for attaining the polarization
change, Re and Rth of the A plate must be increased. Specifi-
cally, the system needs to employ A plate have large Re and
Rth; however, it is not easy to produce retardation films hav-
ing such optical characteristics. It is not also easy to produce
on an industrial scale a film satisfying the optical character-
istics required for C plate (in a precise sense thereof, its
retardation in plane (Re) is zero and its Rth is large). This is
because, in industrial-scale continuous production of films, in
general, the produced films may have some Re in the machine
(or transversal) direction. Such films having some Re are, in
a precise sense thereof, optically biaxial films.

SUMMARY OF THE INVENTION

[0008] An object of the invention is to improve the perfor-
mance of liquid-crystal display devices so as to satisfy the
recent requirement in the art for liquid-crystal display devices
having more improved display quality, concretely, to realize a
high-contrast in a wide viewing angle. Recently, in addition,
cost reduction in producing liquid-crystal display devices is
much desired in the art; and for satisfying the requirement,
another object of the invention is to propose a novel optical
compensation system over the above-mentioned ordinary
optical compensations system and to reduce the production
cost of retardation films as optical components of liquid-
crystal display devices, therefore realizing easy production of
liquid-crystal display devices.

[0009] For improving the above mentioned problems, the
present inventors conducted various studies regarding the two
systems mentioned above, and as a result, they found that, by
employing two optically-biaxial films, retardation films A
and B, disposed on and below a liquid crystal cell, being
different from each other in terms of wavelength dispersion
characteristics of optical anisotropy, it is possible to provide a
novel system, referred to as “hetero”-system because it
employs two optically-biaxial films of which optically anisot-
ropy is different from each other (on the other hand, the above
mentioned system shown in FIGS. 6A and 6B, referred to as
“homo”-system because it employs two optically-biaxial
films of which optically anisotropy is same), which is a sys-
tem intermediate between the systems shown in FIGS. 6A-6B
and 8A-8B respectively; and they also found that a VA-mode
liquid crystal display device, employing the “hetero”-system,
has a high viewing-angle contrast. One example of a mecha-
nism for compensation of the liquid crystal display device is
shown in FIGS. 5A-5C, and its details will be described
hereinafter. According to the “hetero”-system, the variation
of a liquid crystal cell on terms of And can be handled by
replacing only one of two retardation films, for example retar-
dation film A, with other film without replacing another,
retardation film B; and therefore the present invention is
preferable in terms of productivity of retardation films and
liquid crystal display devices.

[0010] The means for achieving the above mentioned
objects are as follows.
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[1] A liquid-crystal display device comprising:

[0011] a liquid-crystal cell comprising a liquid-crystal
layer that aligns vertically to the substrate thereof in the black
state,

[0012] first and second polarizing elements that are dis-
posed to sandwich the liquid-crystal cell therebetween so that
their absorption axes are orthogonal to each other,

[0013] aretardation film A disposed between the first polar-
izing element and the liquid-crystal cell and satisfying the
following conditions (1) and (II), and

[0014] a retardation film B disposed between the second
polarizing element and the liquid-crystal cell and satisfying
the following conditions (I) and (1I),

[0015] wherein the retardation films A and B are equivalent
to each other in terms of retardation in plane at a wavelength
of 548 nm, Re(548), and retardation along thickness direction
at a wavelength of 548 nm, Rth(548) thereof, but differ from
each other in terms of the wavelength dispersion characteris-
tics of retardation in plane Re and/or retardation along thick-
ness direction Rth thereof in a visible light region:

(D 30 nm=Re(548)=80 nm,

(1) 70 nm=Rth(548)=140 nm,

[0016] where Re(A) [nm] means retardation in plane of the
film measured at a wavelength A [nm]; and Rth(A) [nm]
means retardation along thickness direction of the film mea-
sured at a wavelength A [nm].

[2] The liquid-crystal display device as set forth in [1],
wherein retardation in plane Re of the retardation film A
satisfies any of the following conditions (III) to (V), and
retardation in plane Re of the retardation film B satisfies any
of the following conditions (III) to (V) other than that which
Re of the retardation film A satisfies:

(1IT) Re(446)/Re(548)<1 and Re(628)/Re(548)>1,
(IV) Re(446)/Re(548)>1 and Re(628)/Re(548)<1,
(V) IRe(446)-Re(628)1/Re(548)<0.03.

[0017] [3] The liquid-crystal display device as set forth in
[1] or [2], wherein retardation along thickness direction Rth
of the retardation film A satisfies any of the following condi-
tions (V1) to (VII), and retardation along thickness direction
Rth of the retardation film B satisfies any of the following
conditions (VI) to (VII) other than that which Rth of the
retardation film A satisfies:

(VT) Rth(446)/Rth(548)<] and Rth(628)/Rth(548)>1,
(VD) Rth(446)/Rth(548)>1 and Rth(628)/Rth(548)<1,
(VTIT) [Rth(446)-Rth(628)I/Rth(548)<0.0125.

[0018] [4] The liquid-crystal display device as set forth in
any one of [1] to [3], wherein at least one of the retardation
films A and B is a norbornene-based polymer film.

[5] The liquid-crystal display device as set forth in any one of
[1] to [4], wherein at least one of the retardation films A and
B is a cellulose acylate film.

[6] The liquid-crystal display device as set forth in [5],
wherein the cellulose acylate film comprises a cellulose acy-
late having at least one acyl group selected from an acetyl
group, a propionyl group and a butyryl group.

[7] The liquid-crystal display device as set forth in [5],
wherein the cellulose acylate film comprises a cellulose acy-
late having at least two acyl groups selected from an acetyl
group, a propionyl group and a butyryl group.
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[8] The liquid-crystal display device as set forth in any one of
[5]to [7], wherein the cellulose acylate film comprises at least
one discotic compound having an absorption peak at a wave-
length falling within the range from 250 nm to 380 nm.

[9] The liquid-crystal display device as set forth in any one of
[5]to [8], wherein the cellulose acylate film comprises at least
one liquid crystal compound.

[10] The liquid-crystal display device as set forth in [9],
wherein said at least one liquid crystal compound is a com-
pound represented by formula (A):

Formula (A)

LZ

R3

[0019] where L' and L.? independently represent a single
bond or a divalent linking group; A' and A* independently
represent a group selected from the group consisting of
—0O—, —NR— where R represents a hydrogen atom or a
substituent, —S— and —CO—; R*, R? and R” independently
represent a substituent; X represents a nonmetal atom
selected from the groups 14-16 atoms, provided that X may
bind with at least one hydrogen atom or substituent; and n is
an integer from 0 to 2.

[11] The liquid-crystal display device as set forth in [9],
wherein said at least one liquid crystal compound is a com-
pound represented by formula (a):

Ar-LEX-LEAP Formula (a)

[0020] where Ar* and Ar? independently represent an aro-
matic group; L. and L? independenly represent —O—CO—
or—CO—O—; and X represents 1,4-cyclohexylen, vinylene
or ethynylene.

[12] The liquid-crystal display device as set forth in [9],
wherein said at least one liquid crystal compound is a com-
pound represented by formula (I):

Formula (T)

[0021] where X' represents a single bond, —NR*—,
—O— or —S—; X7 represents a single bond, —NR’—,
—0— or —S—; X represents a single bond, —NR°—,
—O0— or —S—; R, R?, and R? independently represent an
alkyl group, an alkenyl group, an aromatic ring group or a
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hetero-ring group; and R*, R® and R® independently represent
a hydrogen atom, an alkyl group, an alkenyl group, an aryl
group or a hetero-ring group.

[0022] [13] The liquid-crystal display device as set forth in
any one of [1] to [12], wherein the thickness of the retardation
films A and B is from 30 to 100 um each.

[14] The liquid-crystal display device as set forth in any one
of [1] to [13], wherein at least one of the retardation films A
and B is a stretched film.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG.1isaschematic outline view of one example of
a liquid-crystal display device of the invention.

[0024] FIG. 21s a view for explaining the optical compen-
sation in the liquid-crystal display device of the invention.
[0025] FIG. 3 is a view for explaining the optical compen-
sation in the liquid-crystal display device of the invention.
[0026] FIGS. 4A-4C are views for explaining the optical
compensation in a conventional liquid-crystal display device.
[0027] FIGS. SA-5C are views for explaining the optical
compensation in the liquid-crystal display device of the
invention.

[0028] FIG. 6B is a schematic cross-sectional view of a
conventional VA-mode liquid-crystal display device, and
FIG. 6A is a schematic view of one example of an optical
compensation system (“homo” system) in the device.

[0029] FIG. 7B is a schematic cross-sectional view of a
conventional VA-mode liquid-crystal display device, and
FIG. 7A is a schematic view of one example of an optical
compensation system (“homo” system) in the device.

[0030] FIG. 8B is a schematic cross-sectional view of a
conventional VA-mode liquid-crystal display device, and
FIG. 8A is a schematic view of one example of an optical
compensation system in the device.

[0031] FIG. 9B is a schematic cross-sectional view of a
conventional VA-mode liquid-crystal display device, and
FIG. 9A is a schematic view of one example of an optical
compensation system in the device.

[0032] In the drawings, the reference numerals have the
following meanings:

[0033] 1 Upper substrate of liquid-crystal cell

[0034] 3 Lower substrate of liquid-crystal cell

[0035] 5 Liquid-crystal layer

[0036] 8a Upper polarizing film

[0037] 9a Absorption axis of upper polarizing film
[0038] 85 Lower polarizing film

[0039] 95 Absorption axis of lower polarizing film
[0040] 10a Upper retardation film

[0041] 105 Lower retardation film

[0042] 11a In-plane slow axis of upper retardation film
[0043] 115 In-plane slow axis of lower retardation film
[0044] LC Liquid-crystal cell

[0045] P1, P2 Polarizing plates

DETAILED DESCRIPTION OF THE INVENTION

[0046] The invention is described in detail hereinunder. In
this description, the numerical range expressed by the word-
ing “a number to another number” means the range that falls
between the former number indicating the lowermost limit of
the range and the latter number indicating the uppermost limit
thereof.
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[0047] First of all, the terms to be used in the description
will be explained.

[Definitions of Re and Rth]

[0048] Inthedescription, Re(h) (unit: nm) and Rth(}) (unit:
nm) each indicate retardation in plane and retardation along
thickness direction of a sample, a film or the like, at a wave-
length A. Re(\) is measured by applying a light having a
wavelength of A nm in the normal direction of the film, using
KOBRA-21ADH or WR (by Oji Scientific Instruments).
[0049] When a film to be tested is represented by an
uniaxial or biaxial refractive index ellipsoid, then its Rth(%) is
calculate according to the method mentioned below.

[0050] With the in-plane slow axis (determined by KOBRA
21ADH or WR) taken as the inclination axis (rotation axis) of
the film (in case where the film has no slow axis, the rotation
axis of the film may be in any in-plane direction of the film),
Re(®) of the film is measured at 6 points in all thereof, up to
+50° relative to the normal direction of the film at intervals of
10°, by applying a light having a wavelength of A nm from the
inclined direction of the film.

[0051] With the in-plane slow axis from the normal direc-
tion taken as the rotation axis thereof, when the film has a zero
retardation value at a certain inclination angle, then the sym-
bol of the retardation value of the film at an inclination angle
larger than that inclination angle is changed to a negative one,
and then applied to KOBRA 21ADH or WR for computation.
[0052] With the slow axis taken as the inclination axis
(rotation axis) (in case where the film has no slow axis, the
rotation axis of the film may bein any in-plane direction of the
film), the retardation values of the film are measured in any
inclined two directions; and based on the data and the mean
refractive index and the inputted film thickness, Rth may be
calculated according to the following formulae (X) and (X1):

ny Xnzg
nx — i X (X)

{nysin(sin’l(smr(;e) ]]}2 +

Re(9) = {nzcos(sin—l ( %;0) ]]}2
4
o (57}

[0053] wherein Re(6) means the retardation value of the

film in the direction inclined by an angle 8 from the normal
direction; nx means the in-plane refractive index of the film in
the slow axis direction; ny means the in-plane refractive index
of'the film in the direction vertical to nx; nz means the refrac-
tive index of the film vertical to nx and ny; and d is a thickness
of the film.

[0054] When the film to be tested can not be represented by
a monoaxial or biaxial index ellipsoid, or that is, when the
film does not have an optical axis, then its Rth(A) may be
calculated according to the method mentioned below.

[0055] With the in-plane slow axis (determined by KOBRA
21ADH or WR) taken as the inclination axis (rotation axis) of
the film, Re(A) of the film is measured at 11 points in all
thereof, from -50° to +50° relative to the normal direction of
the film at intervals of 10°, by applying a light having a
wavelength of A nm from the inclined direction of the film.
Based on the thus-determined retardation data of Re(A), the
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mean refractive index and the inputted film thickness, Rth(\)
of the film is calculated with KOBRA 21 ADH or WR.
[0056] The mean refractive index may be used values
described in catalogs for various types of optical films. When
the mean refractive index has not known, it may be measured
with Abbe refractometer. The mean refractive index for major
optical film is described below: cellulose acetate (1.48),
cycloolefin polymer (1.52), polycarbonate (1.59), polymeth-
ylmethacrylate (1.49), polystyrene (1.59).

[0057] Themean refractive index and the film thickness are
inputted in KOBRA 21ADH or WR, nx, ny and nz are calcu-
lated therewith. From the thus-calculated data of nx, ny and
nz, Nz=(nx-nz)/(nx-ny) is further calculated.

[0058] In the description, the term “slow axis” means a
direction giving a maximum refractive index. In the descrip-
tion, the term “visible light region” means a range from 380
nm to 780 nm. And it is to be noted that the refractive indexes
are measured at 548 nm unless the wavelength is specified.
[0059] In this description, the numerical data, the numeri-
cal ranges and the qualitative expressions (for example,
expressions of “equivalent”, “equal”) that indicate the optical
characteristics of constitutive members such as retardation
films and liquid-crystal layers should be interpreted to indi-
cate the numerical data, the numerical ranges and the prop-
erties including errors that are generally acceptable for liquid-
crystal display devices and their constitutive members.
[0060] In this description, the expression that Re(548) and
Rth(548) are equivalent in two retardation films means that
the difference in the absolute value of Re(548) between the
two is not more than 1.5 nm, and the difference in the absolute
value of Rth(548) between the two is not more than 1.5 nm. In
this description, the expression that “the optical anisotropy is
equivalent” in two retardation films has the same meaning as
that of the expression that “Re(548) and Rth(548) are equiva-
lent”.

[0061] In this description, the expression that the wave-
length dispersion characteristics of retardation in plane (Re)
and retardation along thickness direction (Rth) in a visible
light region differ between two retardation films means that,
on a curve formed by plotting Re and Rth of retardation films,
as measured according to the above-mentioned method for
light at a varying wavelength (in a visible light region), on the
vertical axis, and plotting the wavelength of the incident light
(in a visible light region) on the horizontal axis, the inclina-
tion of the asymptote thereof (linear line) differs between the
two retardation films. In this description, in case where the
above inclination is numerically expressed, the difference
between the retardation values at a wavelength 628 nm and
446 nm is divided by the retardation value at 548 nm, or that
is, the inclination of retardation in plane (Re) is expressed by
{Re(628)-Re(446)}/Re(548); and the inclination of retarda-
tion along thickness direction (Rth) is by {Rth(628)-Rth
(446)}/Rth(548). Even when the positivity or the negativity
of the inclination is the same but when the absolute value of
the inclination differs, the two retardation films shall differ in
terms of the wavelength dispersion characteristics of retarda-
tion thereof. In this, the case where the absolute value of the
inclination differs between the two retardation films means
that the inclination of retardation in plane (Re) shall have a
difference of at least 0.03 therebetween, and that the inclina-
tion of retardation along thickness direction (Rth) shall have
a difference of at least 0.0125 therebetween. The retardation
films of which the inclination is positive or negative, and the
retardation film of which the inclination is zero shall be dif-
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ferentiated from each other, meaning that the films have dif-
ferent wavelength dispersion characteristics of retardation. In
this description, the case where the inclination is zero
includes a case having a minor inclination near to zero, in
consideration of various errors in numerical determination.
Specifically, a case where the absolute value of the inclination
of Re is less than 0.03, and a case where the absolute value of
the inclination of Rth is less than 0.0125 are both considered
as the case where the inclination is zero. Regarding Re and
Rth in the following description, the expression of “regular
wavelength dispersion characteristics” and “reversed wave-
length dispersion characteristics” of the retardation is as fol-
lows: The former means that Re or Rth increases when the
wavelength of the incident light is shorter, or that is, the
above-mentioned inclination of the retardation is negative;
and the former means that Re or Rth increases when the
wavelength of the incident light is longer, or that is, the
above-mentioned inclination of the retardation is positive.
[0062] A schematic outline view of one example of a lig-
uid-crystal display device of the invention is shown in FIG. 1.
InFIG. 1, the top is a viewers’ side (front side), and the bottom
is a backlight side.

[0063] The VA-mode liquid-crystal display device of FIG.
1 has a liquid-crystal cell LC (having an upper substrate 1, a
lower substrate 3 and a liquid-crystal layer 5), and a pair of
upper polarizing plate P1 and lower polarizing plate P2 dis-
posed to sandwich the liquid-crystal cell LC therebetween. In
general, a polarizing film is built in a liquid-crystal display
device as a polarizing plate having a protective film on both
surfaces thereof; but in FIG. 1, the outer protective film ofthe
polarizing film is omitted. The polarizing plates P1 and P2
each have polarizing films 8a and 85, respectively; and they
are disposed so that their absorption axes 9a and 95 are
orthogonal to each other. The liquid-crystal cell LC is a VA-
mode liquid-crystal cell; and in the black state, the liquid-
crystal layer 5 is in homeotropic alignment, as in FIG. 2. The
upper substrate 1 and the lower substrate 3 each have an
alignment film (not shown) and an electrode layer (not
shown) on the inner face thereof, and the inner face of the
substrate 1 on the viewers’ side additionally has a color filter
layer (not shown).

[0064] Between the upper substrate 1 and the upper polar-
izing film 8a, and between the lower substrate 3 and the lower
polarizing film 85, retardation films 10a and 105, respec-
tively, are disposed. The retardation films 10a and 105 are
optically biaxial, concretely satisfying the following condi-
tions (i) and (II), and they are equivalent to each other in terms
of retardation in plane at a wavelength of 548 nm, Re(548),
and retardation along thickness direction at a wavelength of
548 nm, Rth(548).

(D) 30 nm=Re(548)=80 nm

(II) 70 nm=Rth(548)=140 nm

[0065] Preferably, the retardation films 10a and 105 satisfy
the following conditions (I) and (I1)":

(I 40 nm=Re(548)=70 nm

(I1)' 90 nm=Rth(548)=130 nm,

more preferably, the following conditions (I)" and (II)":

(D" 45 nm=Re(548)=70 nm

(ID" 100 nm=Rth(548)=125 nm.

[0066] The retardation films 10a and 105 are disposed so
that their in-plane slow axes 11a and 115 each are orthogonal
to the absorption axes 9a and 95 of the upper polarizing film
8a and the lower polarizing film 85, respectively. Specifically,
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the retardation films 10a and 105 are disposed so that their
slow axes are orthogonal to each other.

[0067] The retardation films 10a and 105 may serve also as
protective films for the polarizing films 8a and 85, respec-
tively.

[0068] The liquid-crystal display device of the invention
satisfies the requirement of thickness reduction; and in the
prior-art technique, And of a liquid-crystal layer (An: bire-
fringence of liquid crystal, d: layer thickness)is 350 nm or so,
but in the liquid-crystal display of FIG. 1, And of the liquid-
crystal layer 5 can be from 250 to 345 nm or so.

[0069] In an embodiment based on the optical compensa-
tion principle similar to that of the VA-mode liquid-crystal
display device of FIG. 1, or that is, in an embodiment where
the birefringence to occur in the oblique direction in the black
state of the liquid-crystal cell LC is compensated by Re and
Rth of the two retardation films (like as retardation films 10a
and 105 shown in FIG. 1) that have equivalent optical anisot-
ropy and are disposed symmetrically around the center of the
liquid-crystal cell, when the polarization state behavior is
expressed as the movement on a Poincare sphere, then it may
be, for example, as in FIG. 2. The Poincare sphere is a three-
dimensional map that describes a polarization state, and the
equator of the sphere indicates a polarization state of a linear
polarized light having an ellipticity of 0. FIG. 2 is a view
showing a Poincare sphere in the positive direction of the S2
axis thereof. The point (i) in FIG. 2 indicates a polarization
state of a linear polarized light passing through the polarizing
film disposed at the backlight side in the oblique direction in
the black state; and when the polarization state point (i) is
converted into a polarization state point (ii) which is an
extinction point on the S1 axis, then it may solve a problem of
contrast reduction in oblique light introduction in a liquid-
crystal display device. RL. indicates the trace of a polarization
state of light that passes through the retardation films sym-
metrically disposed on and below the liquid-crystal cell; and
LC indicates the trace of a polarization state of light that
passes through the liquid-crystal cell. Heretofore, in a VA-
mode liquid-crystal cell in which retardation films having
equivalent optical anisotropy are vertically symmetrically
disposed as in FIG. 1, the polarization state of the incident
light is converted as a point-symmetric trace as in FIG. 2,
thereby reducing the light leakage in oblique directions in the
black state. When the thickness of the liquid-crystal layer is
reduced for thinning the device, And of the liquid-crystal
layer becomes small and the length of the arrow of LC indi-
cating the trace of the conversion of the polarization state of
light that passes through the liquid-crystal layer is thereby
shortened. For example, even when optical compensation is
tried in the same constitution of a thinned liquid-crystal layer
(LC") as in FIG. 3, directly using a conventional retardation
film as it is, then it is difficult to convert the point (i) to the
point (ii) with the symmetric trace as in FIG. 2, since the
arrow LC' is shorter than the arrow LC. Accordingly, in the
invention, retardation films satisfying the above-mentioned
conditions (I) and (I) (in FIG. 1, 10a and 104) are used, to
thereby attain a polarization state conversion mode around a
different rotation axis at a different rotation angle, differing
from the case of light travel through conventional retardation
films, and therefore as a whole, the invention has enabled the
polarization state conversion with the point-symmetric trace
like conventionally, and has succeeded in reducing the light
leakage in oblique directions in the black state. From this
viewpoint, in the invention, Re(550) of the retardation film is
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preferably from 30 to 80 nm, more preferably from 40 to 70
nm; Rth(550) of the retardation film is preferably from 70 to
140 nm, more preferably from 80 to 130 nm.

[0070] Further according to the invention, the two retarda-
tion films, having the same optical anisotropy, differ from
each other in terms of the wavelength dispersion characteris-
tics of Re and/or Rth; and thereby the color shift generating in
oblique directions in the black state is reduced. The change in
the polarization state of light passing through a retardation
region is expressed by rotation at a specific angle around a
specific axis determined in accordance with the optical char-
acteristics, Nz value (concretely, the value to be obtained by
adding 0.5 to Rth/Re) within the retardation region, on a
Poincare sphere. The rotation angle (degree of rotation) is
proportional to the retardation in the retardation region
though which the incident light has passed, and is propor-
tional to the reciprocal number of the wavelength of the
incident light. For example, when a retardation film having a
constant Re not depending on the wavelength of light is used
as the retardation films 10a and 105 in FIG. 1, then, as in
FIGS. 4A-4C, the light having a shorter wavelength (for
example, blue light, shown by “B” in the drawing) may rotate
larger while the light having a longer wavelength (for
example, red light, shown by “R” in the drawing) may rotate
smaller. As a result, even when the optical characteristics of
the retardation film are optimized so that the film could have
an extinction point with the green light (at about 550 nm,
shown by “G” in the drawing) that has an intermediate wave-
length in a visible light region, the film could not convert the
polarization state of R light having a longer wavelength
(about 650 nm) and B light having a shorter wavelength
(about 450 nm) into the extinction point, therefore still having
a problem of color shift in oblique direction. This tendency
occurs in any disposition of retardation films having equiva-
lent wavelength dispersion characteristics of Re and Rth, as
the retardation films 104 and 105 in FIG. 1, irrespective of the
wavelength dispersion characteristics of Re and Rth of the
retardation films (that is, irrespective of regular or reversed
wavelength dispersion characteristics of retardation, or even
constant retardation characteristics of the films).

[0071] On the other hand, in the invention, in FIG. 1, the
backlight side retardation film 105 and the viewers’ side retar-
dation film 10a are equivalent to each other in terms of their
Re and Rth for G light and enable the same optical compen-
sation as in FIG. 2 for G light, and further, the two films differ
from each other in terms of the wavelength dispersion char-
acteristics of Re and/or Rth. As a result, the shift from the
extinction point for B light and R light is reduced in the
device, and the device can solve the problem of color shift in
oblique directions. One example of the device of FIG. 1 is
described, in which a retardation film having regular wave-
length dispersion characteristics of Re and Rth is used as the
backlight side retardation film 105, and a retardation film
having reversed wavelength dispersion characteristics of Re
and Rth is used as the viewers’ side retardation film 10a. In
this example, on the backlight side, the light having a shorter
wavelength may rotate smaller while the light having a longer
wavelength may rotate larger, as in FIG. 5A, and therefore,
the short wavelength B light (450 nm or so) and the long
wavelength R light (650 nm or so) reach nearly the same
position as that of G light having an intermediate wavelength
(550 nm or so). Next, owing to the optical characteristics of
the liquid-crystal cell, the light rotates toward the downside of
the Poincare sphere, and as in FIG. 5B, the R light, the G light
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and the B light reach the position at which they separated. In
this stage, the B light, the G light and the R light reach the
remoter position from the extinction point in that order (dis-
tance from the extinction point: longer side, B light>G
light>R light, shorter side). As in FIG. 5C, the light having a
shorter wavelength may rotate larger at the viewing side,
while the light having a longer wavelength may rotate
smaller; and therefore, the short wavelength B light (450 nm
or s0), the intermediate wavelength G light (550 nm or so) and
the long wavelength R light (650 nm or so) may reach almost
the extinction point.

[0072] As described in the above, when two retardation
films that differ from each other in terms of the wavelength
dispersion characteristics of Re and/or Rth, irrespective of the
type of the wavelength dispersion characteristics (regular or
reversed wavelength dispersion characteristics) and the
degree of the wavelength dispersion characteristics (con-
cretely, in terms of the above-mentioned degree of inclina-
tion), are used in the liquid-crystal display device of the
invention, then the device is effective for reducing the color
shift in oblique directions, differing from conventional
devices where two retardation films having the same wave-
length dispersion characteristics of Re and Rth are used. For
further enhancing the effect, in the invention, the two retar-
dation films, or that is, the retardation film A and the retarda-
tion film B are preferably such that Re or Rth of the retarda-
tion film A is any of a regular wavelength dispersion
characteristic one or a reversed wavelength dispersion char-
acteristic one ora constant one in a visible light region, and Re
or Rth of the retardation film B is any of a regular wavelength
dispersion characteristic one or a reversed wavelength disper-
sion characteristic one or a constant one in a visible light
region, but differing from Re or Rth of the retardation film A.
[0073] Preferably, of the two retardation films, Re of any
one retardation film (retardation film A) satisfies any of the
following conditions (IIT) to (V), while Re of the other retar-
dation film (retardation film B) satisfies any of the following
conditions (IIT) to (V) other than that which Re of the retar-
dation film A satisfies; or preferably, Rth of the retardation
film A satisfies any of the following conditions (VI) to (VIII),
while Rth of the retardation film B satisfies any of the follow-
ing conditions (V1) to (VII) other than that which Rth of the
retardation film A satisfies.

[0074] Preferably, Re of the retardation film A satisfies any
of the following conditions (III) to (V) and Re of the other
retardation film (retardation film B) satisfies any of the fol-
lowing conditions (IIT) to (V) other than that which Re of the
retardation film A satisfies; and more preferably, Rth of the
retardation film A satisfies any of the following conditions
(VI)to (VII), and Rth of the retardation film B satisfies any of
the following conditions (VI) to (VII) other than that which
Rth of the retardation film A satisfies.

[0075] Even more preferably, Re of the retardation film A
satisfies the following condition (IIT) and Rth thereof satisfies
the following condition (VI), and Re of the retardation film B
satisfies the following condition (TV) and Rth thereof satisfies
the following condition (VII).

[0076] Any of the retardation films A and B may be on the
panel side or the backlight side to attain the same effect.

(IIT) Re(446)/Re(548)<1 and Re(628)/Re(548)>1
(IV) Re(446)/Re(548)>1 and Re(628)/Re(548)<1
(V) IRe(446)-Re(628)1/Re(548)<0.03
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(VT) Rth(446)/Rth(548)<1 and Rth(628)/Rth(548)>1
(VII) Rth(446)/Rth(548)>1 and Rth(628)/Rth(548)<1
(VIIT) IRth(446)-Rth(628)I/Rth(548)<0.0125

[0077] Further, the condition (IIT) is more preferably the
following condition (III)":

(I11) 0.80<Re(446)/Re(548)<0.98 and

[0078] 1.05>Re(628)/Re(548)>1.001,
even more preferably, the following condition (IIT)":

(ITT)" 0.837<Re(446)/Re(548)<0.965 and

[0079] Also, the condition (IV) is more preferably the fol-
lowing condition (IV)":

(IVY 1.026>Re(446)/Re(548)>1.016 and

[0080] The condition (VI)is more preferably the following
condition (VI)":

(VI) 0.85<Rth(446)/Rih(548)<0.98 and

[0081] 1.05>Rth(628)/Rth(548)>1.008,
even more preferably, the following condition (V)™

(V)" 0.891 <Rth(446)/Rth(548)<0.965 and

[0082] The condition (VII) is more preferably 1.01>Rth
(446)/Rth (548)>1.005 and 0.996<Rth(628)/Rth(548)<0.
998.

[0083] Inthe embodiment where Re of the retardation film
A satisfies the condition (IIT) and Rth thereof satisfies the
condition (VI) and where Re of the retardation film B satisfies
the condition (IV) and Rth thereof satisfies the condition
(VID), preferably they satisfy the above conditions (I)' and
(I1)', more preferably the above conditions (I)" and (I1)".
[0084] In the invention, more preferred of the above
embodiments is a combination of the retardation film A hav-
ing regular wavelength dispersion characteristics of Re and
Rth and the retardation film B having reversed wavelength
dispersion characteristics of Re and Rth, or a combination of
the retardation film A having reversed wavelength dispersion
characteristics of Re and Rth and the retardation film B hav-
ing regular wavelength dispersion characteristics of Re and
Rth. The reason is described below.

[0085] For reducing the light leakage and the color shift in
oblique directions in the black state, for example, it is desired
that the polarized light with a different wavelength, after
having passed through the rear side polarizing plate, the rear
side retardation film B, the liquid-crystal cell, and the front
side retardation film A, is in parallel to the absorption axis of
the front side polarizing plate observed in oblique directions.
[0086] This is described on the Poincare sphere. Blue,
green and red lights (B, G, R) finally reach the point S1
(extinction point) on the absorption axis of the front side
polarizing plate in oblique directions, and the phenomenon
can be expressed in a simplified manner.

[0087] When the polarization state having passed through
each layer is taken into consideration, the linear polarized
light through the rear side polarizing plate undergoes rotation
on the Poincare sphere, owing to Re of the rear side retarda-
tion film B. As the retardation film B has reversed wavelength
dispersion characteristics of retardation, the distance of BGR
is in a near position (the BGR polarization state is similar to
each other).
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[0088] Next, owing to the regular wavelength dispersion
birefringence of the VA liquid-crystal cell (corresponding to
negative Rth), the BGR distance becomes remoter (the BGR
polarization state becomes different from each other).
[0089] Finally, owing to the regular wavelength dispersion
characteristics Rth of the front side retardation film A, BGR
may gather at the extinction point for compensating the dis-
tance that has became remoter through the VA liquid-crystal
cell. The same discussion may be made on a different case
where the front and rear retardation films are replaced.
[0090] For the description relating to the effect and the
mechanism of the above-mentioned “homo”-type device or C
plate+A plate combination device, the same discussion as the
above may be made. However, regarding the ideal wavelength
dispersion characteristics of retardation of the retardation
films for focusing BGR at the extinction point in a “homo-
type” device, it is said that the films are to have reversed
wavelength dispersion characteristics of Re and have regular
wavelength dispersion characteristics of Rth. However, it is
extremely difficult to produce such a retardation film having
reversed wavelength dispersion characteristics of Re and at
the same time having regular wavelength dispersion charac-
teristics of Rth; and the latitude in producing the film of the
type is narrow and the production cost for it is high. Accord-
ingly, at present, films having the same wavelength dispersion
characteristics of Re and Rth are used in the art. In the C
plate+A plate combination device, the C plate must have
regular wavelength dispersion characteristics of retardation,
but it is extremely difficult to produce the C plate having such
characteristics, and the latitude in producing the C plate of the
type is narrow and the production cost for it is high. Accord-
ingly, at present, the C plate generally used in the art is one
having weak wavelength dispersion characteristics of retar-
dation. For reducing the color shift in a simplified manner, the
above-mentioned “hetero”-type combination is especially
preferred.

[0091] According to the invention, preferable is an embodi-
ment of a VA-mode liquid-crystal display device. Of the
VA-mode, more preferred is a multidomain structure in which
one pixel is divided into plural regions, as the horizontal and
vertical viewing angle characteristics of the structure are
averaged and its display quality is good.

[0092] Depending on the driving mode thereof, the liquid-
crystal display device of the invention includes different
applications of an active matrix liquid-crystal display device
comprising a 3-terminal or 2-terminal semiconductor ele-
ment such as TFT (thin film transistor) or MIM (metal insu-
lator metal), and a passive matrix liquid-crystal display
device such as typically an STN-mode referred to as time
sharing drive; and the invention is effective in all of these.
[0093] Various members which can be used in the liquid-
crystal display device of the invention are described in detail
hereinunder.

[Retardation Films A and B]

[0094] The retardation films A and B for use in the inven-
tion are not specifically defined in terms of their materials, so
far as they satisfy the above-mentioned requirements. When
the retardation films A and B are polymer films, then they may
stuck to a polarizing element. As a single member, they may
be built in the liquid-crystal display device of the invention,
for example, as an optical compensatory film therein. Regard-
ing the material for the polymer film, preferred are polymers
excellent in the optical properties, transparency, mechanical
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strength, thermal stability, water shieldability and isotropy;
however any material satisfying the above-mentioned
requirements may be used herein. For example, examples of
the material include polycarbonate polymers; polyester poly-
mers such as polyethylene terephthalate and polyethylene
naphthalate; acrylic polymers such as polymethyl methacry-
late; styrenic polymers such as polystyrene and acrylonitrile/
styrene copolymer (AS resin); etc. As examples of the mate-
rial, also mentioned are polyolefins such as polyethylene and
polypropylene; polyolefinic polymers such as ethylene/pro-
pylene copolymer; vinyl chloride-based polymers; amide
polymers such as nylon and aromatic polyamide; imide poly-
mers, sulfone polymers, polyether sulfone polymers, poly-
ether ether ketone polymers, polyphenylene sulfide poly-
mers, vinylidene chloride polymers, vinyl alcohol polymers,
vinyl butyral polymers, arylate polymers, polyoxymethylene
polymers, epoxy polymers; and mixtures of the above-men-
tioned polymers.

[0095] As the material to form the polymer film, preferably
used is a thermoplastic norbornene resin. The thermoplastic
norbornene resin includes Nippon Zeon’s ZEONEX,
ZEONOR; JSR’s ARTON; etc. These are stretched to pro-
duce the above-mentioned retardation films A and B.

[0096] As the material to form the polymer film, also pref-
erably used is a cellulose polymer (this is referred to as
cellulose acylate) heretofore generally used as a transparent
protective film for polarizing plates. The retardation films A
and B for use in the invention satisfy the above-mentioned
conditions (I) and (II). Heretofore, a cellulose acylate film
comprising a cellulose acylate as the main ingredient thereof
could hardly attain the optical characteristics of the above-
mentioned conditions (I) and (IT). For example, when Re is
increased to satisfy the above condition (I), then Rth of the
condition (IT) may be over the uppermost value (140 nm); and
itisdifficult to produce a cellulose acylate film satisfying both
the conditions (I) and (II) at the same time. Even though a film
satisfying both the two could be produced, it still has a prob-
lem in that it is extremely thin. Accordingly, as described
hereinunder, it is desirable that an additive such as a liquid-
crystal compound or the like is added to the polymer and the
intended cellulose acylate film satisfying the conditions (I)
and (IT) is produced and is used as the retardation films A and

[0097] Cellulose Acylate:

[0098] Representative examples of the cellulose acylate to
be used for preparing the retardation films include triacetyl
cellulose. A cellulose as a raw material for cellulose acylate is
a cotton linter, a wood pulp (a needle leaf tree pulp or a broad
leaf tree pulp), or the like. Cellulose acylate obtained from
any raw material cellulose can be used. A plurality of raw
material celluloses may be mixed as required. The raw mate-
rial cellulose described in, for example, Maruzawa & Uda,
Plastic Material Lecture (17) Cellulosic Resin, by Nikkan
Kogyo Shinbun (1970); and Hatsumei Kyokai’s Disclosure
Bulletin No. 2001-1745 (pp. 7-8), can be used. There is no
specific limitation on the raw material for the cellulose acy-
late film.

[0099] The degree of substitution of cellulose acylate
means the ratio of acylation for three hydroxyl groups in a
cellulose unit ((B) 1,4-glycoside bonded glucose). The degree
of substitution (the ratio of acylation) can be calculated based
on the amount of fatty acids combining with a cellulose unit.
The measurement is carried out according to the method
described in ASTM: D-817-91.
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[0100] Preferred examples of the cellulose acylate to be
used for preparing the retardation films include cellulose
acetates having the degree of acetyl-substitution falling
within the range from 2.50 to 3.00. The degree of acetyl-
substitution is preferably 2.70 to 2.97. The cellulose acylate
(s) having the acyl group(s) other than the acetyl group
together with or in place of the acetyl group may be used.
Among such cellulose acylates, cellulose acylates having at
least one acyl group selected from an acetyl group, a propio-
nyl group and a butyryl group are preferable; and cellulose
acylates having at least two acyl groups selected from an
acetyl group, a propionyl group and a butyryl group are more
preferable.

[0101] The cellulose acylate has preferably a mass average
degree of polymerization of 350 to 800, and more preferably
a mass average degree of polymerization of 370 to 600. The
cellulose acylate used in the present invention has preferably
an average molecular weight of 70000 to 230000, more pref-
erably 75000 to 230000, and still more preferably 78000 to
120000.

[0102] The cellulose acylate can be synthesized using an
acid anhydride or an acid chloride as an acylation agent. In a
synthesizing method which is most general in the industry,
the cellulose obtained from cotton linter or wood pulp is
esterified to a mixed organic acid component containing an
organic acid (acetic acid, propionic acid, or butyric acid)
corresponding to other acyl groups and an acetyl group, or
acid anhydride (acetic acid anhydride, propionic acid anhy-
dride, or butyric acid anhydride) to synthesize the cellulose
ester,

[0103] The cellulose acylate film is preferably produced
according to a solvent cast method. Examples of preparation
of the cellulose acylate film according to the solvent cast
method may include U.S. Pat. Nos. 2,336,310, 2,367,603,
2,492,078, 2,492,977, 2,492,978, 2,607,704, 2,739,069, and
2,739,070, British Patent Nos. 640731 and 736892, JPB Nos.
syo 45-4554 and syo 49-5614, and JPA Nos. syo 60-176834,
syo 60-203430, and syo 62-115035. The cellulose acylate
film may be stretched. A method of stretching the cellulose
acylate film and the condition thereof are disclosed in JPA
Nos. syo 62-115035, hei 4-152125, hei 4-284211, hei
4-298310, and hei 11-48271.

[0104] Itis to be noted that additives such as liquid crystal
compounds described hereinafter may be added to a solution
of a cellulose acylate composition when the cellulose acylate
film is prepared according to the solvent cast method. For
example, a solution prepared by dissolving additives such as
liquid crystal compounds may be added to a solution of a
cellulose acylate composition.

[0105] The retardation films preferably contain cellulose
acylate(s) as a major ingredient.

[0106] For preparing the cellulose acylate films having the
optical properties required for the retardation film A or B, the
cellulose acylate composition containing at least any one of
ingredients described hereinunder is preferably used for pre-
paring such cellulose acylate films.

[0107] Discotic Compound:

[0108] Preferably, at least one discotic compound having
an absorption peak at a wavelength falling within the range
from 250 nm to 380 nm is added to the cellulose acylate film
for use as the retardation film. The discotic compound may be
liquid-crystalline or non-liquid-crystalline. Preferably, a lig-
uid-crystal compound is used along with the discotic com-
pound (preferably a liquid crystal compound represented by
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formula (A) and/or a liquid crystal compound represented by
formula (a)), as capable of controlling the development of
retardation (Re and Rth) and as effective for facilitating the
dissolution of the liquid-crystal compound.

[0109] The content of the discotic compound having an
absorption peak at a wavelength falling within the range from
250 nm to 380 nm in the film is preferably from 0.1 to 30% by
mass relative to the main ingredient, cellulose acylate, in the
film, more preferably from 1 to 25% by mass, even more
preferably from 3 to 15% by mass. Within the range, the
compound does not cause a problem of bleeding out. and can
favorably attain its effect.

[0110] Liquid-Crystal Compound:

[0111] Inthe invention, for producing the cellulose acylate
film that satisfies the requirements for retardation films, at
least one liquid-crystal compound serving as an Re enhancer
is added to the cellulose acylate film. “Re enhancer” as
referred to herein is a compound having the property of
expressing an in-plane birefringence of film.

[0112] The liquid-crystal compound for use in the inven-
tion expresses a liquid-crystal phase preferably within a tem-
perature range of from 100° C. to 300° C., more preferably
from 120° C.to 250° C. The liquid-crystal phase is preferably
a columnar phase, a nematic phase or a smectic phase, more
preferably a nematic phase or a smectic phase.

[0113] In the invention, plural liquid-crystal compounds
may be used. In that case, it is desirable that the mixture of
plural liquid-crystal compounds still exhibits liquid crystal-
linity, and preferably, even the mixture could form the same
liquid-crystal phase as the liquid-crystal phase of the indi-
vidual liquid-crystal compounds.

[0114] Inthis description, the evaluation for liquid crystal-
linity of the liquid-crystal compound to be used as a retarda-
tion enhancer may be attained as follows: Using a polarizing
microscope Eclipse E600POL (by Nikon), a compound is
visually checked for the liquid-crystal condition thereof, and
its phase transition temperature is measured. For the tempera-
ture control, used is a hot stage FPS2HT (by Mettler Toledo)
connected to FP90 (by Mettler Toledo), and from the optical
texture change observed with a polarizing microscope, the
liquid-crystal phase is identified.

[0115] A liquid-crystal compound is metered and taken
into a sample bottle, and thisis dissolved in an organic solvent
(e.g., methylene chloride) to form a uniform solution, and
then the solvent is removed by evaporation.

[0116] A sample of the compound for evaluation for liquid
crystallinity, prepared in the manner as above, is sandwiched
between a slide glass and a cover glass, and on the hot stage,
this is heated at a speed of 10° C./min, whereupon the change
of the sample with the lapse of time is observed with the
polarizing microscope.

[0117] As a result, when the compound tested forms a
liquid-crystal phase, then it is determined that the compound
has liquid crystallinity; and when it does not form a uniform
liquid-crystal phase but forms an isotropic phase or an ununi-
form phase, then it is determined that the compound does not
have liquid crystallinity.

[0118] The content of the liquid-crystal compound in the
film is preferably from 0.1 to 30% by mass relative to the main
ingredient, cellulose acylate, in the film, more preferably
from 1 to 25% by mass, even more preferably from 3 to 15%
by mass. Within the range, the compound is effective not
causing a problem of bleeding out.
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[0119] The cellulose acylate film used as the retardation
film A or B preferably contains at least one liquid crystal
compound represented by formula (A). By using the liquid
crystal compound(s) represented by formula (A), the retarda-
tion film, having increased retardation and showing the
reversed wavelength dispersion characteristics of retardation,
may be prepared.

Formula (A)

[0120] Inthe formula, L' and L? independently represent a
single bond or a divalent linking group; A' and A indepen-
dently represent a group selected from the group consisting of
—O—, —NR— where R represents a hydrogen atom or a
substituent, —S— and—CO—; R*, R? and R? independently
represent a substituent; X represents a nonmetal atom
selected from the groups 14-16 atoms, provided that X may
bind with at least one hydrogen atom or substituent; and n is
an integer from O to 2.

[0121] Among the compounds represented by the formula
(A), the compounds represented by the formula (B) are pre-
ferred as a retardation enhancer.

Formula (B)

RZ
3

7 Al RY
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[0122] Inthe formula (B), L' and L* independently repre-
sent a single bond or a divalent group. A* and A” indepen-
dently represent a group selected from the group consisting of
—O—, —NR— where R represents a hydrogen atom or a
substituent, —S—and —CO—. R*, R? and R? independently
represent a substituent. And n is an integer from 0 to 2.
[0123] Preferred examples of the divalent linking group
represented by L' or L% in the formula (A) or (B) include those
shown below.

R R
0] ¢}
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-continued

T
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[0124] And further preferred are —O—, —COO— and
—0CO—.

[0125] In the formulae (A) and (B), R! represents a sub-
stituent, if there are two or more R, they may be same or
different from each other, or form a ring. Examples of the
substituent include those shown below.

[0126] Halogen atoms such as fluorine, chlorine, bromine
and iodine atoms; alkyls (preferably C,_,, alkyls) such as
methyl, ethyl, n-propyl, iso-propyl, tert-butyl, n-octyl, and
2-ethylhexyl; cylcoalkyls (preferably C, ,, substituted or
non-substituted cycloalkyls) such as cyclohexyl, cyclopentyl
and 4-n-dodecylcyclohexyl; bicycloalkyls (preferably Cs 5,
substitute or non-substituted bicycloalkyls, namely monova-
lent residues formed from Cs_5, bicycloalkanes from which a
hydrogen atom is removed) such as bicyclo[ 1,2,2|heptane-2-
yl and bicyclo[2,2,2]octane-3-yl; alkenyls (preferably C, 5,
alkenyls) such as vinyl and allyl; cycloalkenyls (preferably
C;_3 substituted or non-substituted cycloalkenyls, namely
monovalent residues formed from C,_;, cycloalkenes from
which a hydrogen atom is removed) such as 2-cyclopentene-
1-yl and 2-cyclohexene-1-yl; bicycloalkenyls (preferably
Cs_5o substituted or non-substituted bicycloalkenyls, namely
monovalent residues formed from Cs 5, bicycloalkenes from
which a hydrogen atom is removed) such as bicyclo[2,2,1]
hepto-2-en-1-yl and bicyclo[2,2,2]octo-2-en-4-yl; alkynyls
(preferably C,_, substitute or non-substituted alkynyls) such
as etynyl and propargyl; aryls (preferably C_;, substitute or
non-substituted aryls) such as phenyl, p-tolyl and naphthyl;
heterocyclic groups (preferably (more preferably C, 5,) sub-
stituted or non-substituted, 5-membered or 6-membered, aro-
matic or non-aromatic heterocyclic monovalent residues)
such as 2-furyl, 2-thienyl, 2-pyrimidinyl and 2-benzothiaz-
olyl; cyano, hydroxyl, nitro, carboxyl, alkoxys (preferably
C, .30 substituted or non-substituted alkoxys) such as meth-
oxy, ethoxy, iso-propoxy, t-butoxy, n-octyloxy and 2-meth-
oxyethoxy; aryloxys (preferably Cg 5, substituted or non-
substituted aryloxys) such as phenyloxy, 2-methylphenoxy,
4-t-butylphenoxy, 3-nitrophenoxy and 2-tetradecanoyl phe-
noxys; silyloxys (preferably C,_,, silyloxys) such as trimeth-
ylsilyloxy and t-butyldimethylsilyloxy; hetero-cyclic-oxys
(preferably C,_,, substituted or non-substituted hetero-cy-
clic-oxys) such as 1-phenyltetrazole-5-oxy and 2-tetrahydro-
pyrenyloxy; acyloxys (preferably C,_;, substitute or non-sub-
stituted alkylcarbonyloxys and Cg 5, substituted or non-
substituted arylcarbonyloxys) such as formyloxy, acetyloxy,
pivaloyloxy, stearoyoxy, benzoyloxy and p-methoxyphenyl-
carbonyloxy; carbamoyloxys (preferably C, 5, substituted or
non-substituted carbamoyloxys) such as N,N-dimethyl car-
bamoyloxy, N,N-diethyl carbamoyloxy, morpholinocarbo-
nyloxy, N,N-di-n-octylaminocarbonyloxy and N-n-octylcar-
bamyloxy; alkoxy carbonyloxys (preferably C, 5, substituted
or non-substituted alkoxy carbonyloxys) such as methoxy
carbonyloxy, ethoxy carbonyloxy, t-butoxy carbonyloxy and
n-octyloxy carbonyloxy; aryloxy carbonyloxys (preferably
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C,_3, substituted or non-substituted aryloxy carbonyloxys)
such as phenoxy carbonyloxy, p-methoxyphenoxy carbony-
loxy and p-n-hexadecyloxyphenoxy carbonyloxy; aminos
(preferably C, 5, substituted or non-substituted alkylaminos
and C,_;, substituted or non-substituted arylaminos) such as
amino, methylamino, dimethylamino, anilino, N-methyl-
anilino and diphenylamino; acylaminos (preferably C, 5,
substituted or non-substituted alkylcarbonylaminos and C 5,
substituted or non-substituted arylcarbonylaminos) such as
formylamino, acetylamino, pivaloylamino, lauroylamino and
benzoylamino; aminocarbonylaminos (preferably C, 5, sub-
stituted or non-substituted aminocarbonylaminos) such as
carbamoylamino, N,N-dimethylaminocarbonylamino, N,N-
diethylamino carbonylamino and morpholino carbony-
lamino; alkoxycarbonylaminos (preferably C, 5, substituted
or non-substituted alkoxycarbonylaminos) such as methoxy-
carbonylamino, ethoxycarbonylamino, t-butoxycarbony-
lamino, n-octadecyloxycarbonylamino and N-methyl-meth-
oxy carbonylamino; aryloxycarbonylaminos (preferably
C,_5, substituted or non-substituted aryloxycarbonylaminos)
such as phenoxycarbonylamino, p-chloro phenoxycarbony-
lamino and m-n-octyloxy phenoxy carbonylamino; sulfa-
moylaminos (preferably C, 5, substituted or non-substituted
sulfamoylaminos) such as sulfamoylamino, N,N-dimethy-
lamino sulfonylamino and N-n-octylamino sulfonylamino;
alkyl- and aryl-sulfonylaminos (preferably C, _;, substituted
or non-substituted alkyl-sulfonylaminos and C_;, substi-
tuted or non-substituted aryl-sulfonylaminos) such as
methyl-sulfonylamino, butyl-sulfonylamino, phenyl-sulfo-
nylamino, 2,3,5-trichlorophenyl-sul fonylamino and p-meth-
ylphenyl-sulfonylamino; mercapto; alkylthios (preferably
substituted or non-substituted C, _,, alkylthios such as meth-
ylthio, ethylthio and n-hexadecylthio; arylthios (preferably
Cy._30 substituted or non-substituted arylthios) such as phe-
nylthio, p-chlorophenylthio and m-methoxyphenylthio; het-
erocyclic-thios (preferably C, 5, substituted or non-substi-
tuted heterocyclic-thios such as 2-benzothiazolyl thio and
1-phenyltetrazol-5-yl-thio; sulfamoyls (preferably C,_5, sub-
stituted or non-substituted sulfamoyls) such as N-ethylsulfa-
moyl, N-(3-dodecyloxypropyl)sulfamoyl, N,N-dimethylsul-
famoyl, N-acetylsulfamoyl, N-benzoylsulfamoyl, N—(N'-
phenylcarbamoyl)sulfamoyl; sulfo; alkyl- and aryl-sulfinyls
(preferably C, 5, substituted or non-substituted alkyl- or
Ce_30 substituted or non-substituted aryl-sulfinyls) such as
methylsulfinyl, ethylsulfinyl, phenylsulfinyl and p-meth-
ylphenylsulfinyl; alkyl- and aryl-sulfonyls (preferably C, 5,
substituted or non-substituted alkyl-sulfonyls and C_5, sub-
stituted or non-substituted arylsulfonyls) such as methylsul-
fonyl, ethylsulfonyl, phenylsulfonyl and p-methylphenylsul-
fonyl; acyls (preferably C, 5, substituted non-substituted
alkylcarbonyls, and C,_;, substituted or non-substituted aryl-
carbonyls) such as formyl, acetyl and pivaloyl benzyl; ary-
loxycarbonyls (preferably C._;, substituted or non-substi-
tuted aryloxycarbonyls) such as phenoxycarbonyl,
o-chlorophenoxycarbonyl, m-nitrophenoxycarbonyl and p-t-
butylphenoxycarbonyl: alkoxycarbonyls (preferably C, s,
substituted or non-substituted alkoxycarbonyls) methoxycar-
bonyl, ethoxycarbonyl, t-butoxycarbonyl and n-octadecy-
loxycarbonyl; carbamoyls (preferably C, 5, substituted or
non-substituted carbamoyls) such as carbamoyl, N-methyl-
carbamoyl, N,N-dimethylcarbamoyl, N,N-di-n-octylcar-
bamoyl and N-(methylsulfonyl)carbamoyl; aryl- and hetero-
cyclic-azos (preferably C, 5, substituted or non-substituted
arylazos and C_;, substituted or non-substituted heterocycli-
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cazos) such as phenylazo and p-chlorophenylazo, 5-eth-
ylthio-1,3,4-thiadiazol-2-yl-azo, imides such as N-succinim-
ide and N-phthalimide; phosphinos (preferably C, 5,
substituted or non-substituted phosphinos) such as dimethyl
phosphino, diphenyl phosphino and methylphenoxy phos-
phino; phosphinyls (preferably C, ,, substituted or non-sub-
stituted phosphinyls) such as phosphinyl, dioctyloxy phos-
phinyl and diethoxy phosphinyl; phosphinyloxys (preferably
C,_;, substituted or non-substituted phosphinyloxys) such as
diphenoxyphosphinyloxy and dioctyloxyphosphinyloxy;
phosphinylaminos (preferably C,_,, substituted or non-sub-
stituted phosphinylaminos) such as dimethoxy phosphiny-
lamino and dimethylamino phosphinylamino; and silyls
(preferably C;_5, substituted or non-substituted silyls) such as
trimethylsilyl, t-butylmethylsilyl and phenyldimethylsilyl.
[0127] The substituents, which have at least one hydrogen
atom, may be substituted by at least one substituent selected
from these. Examples such substituent include alkylcarbony-
laminosulfo, arylcarbonylaminosulfo, alkylsulfonylami-
nocarbonyl and arylsulfonylaminocarbonyl. More specifi-
cally, methylsulfonylaminocarbonyl,
p-methylphenylsulfonylaminocarbonyl, acetylaminosulfo-
nyl and benzoylaminosulfonyl are exemplified.

[0128] Preferably, R! represents a hydrogen atom, an alkyl
group, an alkenyl group, an aryl group, a heterocyclic group,
hydroxyl, carboxyl, an alkoxy group, an acyloxy group,
cyano or an amino group; and more preferably, a halogen
atom, an alkyl group, cyano or an alkoxy group.

[0129] R? and R? independently represent a substituent.
Examples of the substituent include those exemplified above
as examples of R'. Preferably, R? and R? independently rep-
resent a substituted or non-substituted phenyl or a substituted
or non-substituted cyclohexyl; more preferably, a substituted
phenyl or a substituted cyclohexyl; and much more prefer-
ably, a phenyl having a substituent at a 4-position or a cyclo-
hexyl having a substituent at a 4-position.

[0130] R* and R® independently represent a substituent.
Examples of the substituent include those exemplified above
as examples of R!. Preferably, R* and R® independently rep-
resent an electron-attractant group having the Hammett
value, 0, more than 0; more preferably an electron-attractant
group having the Hammett value, 0, from 0 to 1.5. Examples
of such an electron-attractant group include trifluoromethyl,
cyano, carbonyl and nitro. R* and R may bind to each other
to form a ring.

[0131] Itisto benoted that, regarding Hammett constant of
the substituent, o,,and o,,, there are detailed commentaries on
the Hammett constant of the substituent, 0, and arm in “Ham-
mett Rule-Structure and Reactivity-(Hammeto soku -Kozo to
Hanohsei)” published by Maruzen and written by Naoki Ina-
moto; “New Experimental Chemistry 14 Synthesis and Reac-
tion of Organic Compound V (Shin Jikken Kagaku Koza 14
Yuuki Kagoubutsu no Gousei to Hannou)” on p. 2603, edited
by Chemical Society of Japan and published by Maruzen;
“Theory Organic Chemistry Review (Riron Yuuki Kagaku
Gaisetsu)” on p. 217, published by TOKYO KAGAKU
DOZIN CO. ITD., and written by Tadao Nakatani; and
Chemical Reviews, Vol. 91, No. 2, pp. 165-195 (1991).
[0132] Intheformula, A' and A* independently represent a
group selected from the group consisting of —O—, —NR—
where R represents a hydrogen atom or a substituent, —S—
and —CO—; and preferably, —O—, —NR— where R rep-
resents a substituent selected from those exemplified above as
examples of RY, or —S—.
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[0133] In the formula, X represents a nonmetal atom
selected from the groups 14-16 atoms, provided that X may
bind with at least one hydrogen atom or substituent. Prefer-
ably, X represents —0O, —S, —NR or —C(R)R where R
represents a substituent selected from those exemplified as
examples of R*.

[0134] In the formula, n is an integer from O to 2, and
preferably O or 1.

[0135] Examples of the compound represented by formula
(A) or (B) include Compounds (1)-(108) and Compound
(117)-(120) described in JPA No. 2007-249180, [0056]-
[0061]. These compounds can be prepared according to the
synthetic route described in JPA No. 2007-249180, [0064]-
[0067].

[0136] Rod-Like Compound:

[0137] The cellulose acylate film used as the retardation
film A or B preferably contains at least one rod-like com-
pound represented by formula (a) in place of or together with
liquid crystal compound (preferably the liquid crystal com-
pound represented by formula (A)). The rod like compound
may be selected from liquid crystal compounds or non-liquid
crystal compounds; and liquid crystal compounds are prefer-
able. The rod-like compound may contribute to enhancing
retardation since its molecules are aligned with molecules of
the liquid crystal compound, and further may contribute to
improving solubility of the liquid crystal compound in the
film.

ArtL2X- 113 A¢ Formula (a)

[0138] In the formula (a), Ar' and Ar* independently rep-
resent an aromatic group; I.'? and L' independently repre-
sent —O—CO— or —CO—O0—; and X represents 1,4-cy-
clohexylen, vinylene or ethynylene.

[0139] Inthedescription, the term “aromatic group” is used
for any aryl groups (aromatic hydrocarbon groups), substi-
tuted aryl groups, aromatic heterocyclic groups and substi-
tuted aromatic heterocyclic groups.

[0140] Aryl groups and substituted aryl groups are pre-
ferred to heterocyclic groups and substituted heterocyclic
groups. The hetero rings in the aromatic heterocyclic groups
are generally unsaturated. The hetero-rings are preferably 5-,
6- or 7-membered rings. The hetero-rings in the aromatic
heterocyclic groups generally have the maximum number of
double bonds. The hetero atom(s) embedded in the hetero-
ring is preferably selected from the group consisting of nitro-
gen, oxygen and sulfur atoms, and is more preferably a nitro-
gen or sulfur atom.

[0141] Examples of the aromatic group include radicals of
a benzene ring, furan ring, thiophene ring, pyrrole ring,
oxazole ring, thiazole ring, imidazole ring, triazole ring, pyri-
dine ring, pyrimidine ring and pyrazine ring; and a radical of
a benzene ring, phenyl, is more preferable.

[0142] Examples of the substituent in the substituted aryl
group or substituted heterocyclic group include halogen
atoms (F, Cl, Br and I), hydroxyl, carboxyl, cyano, amino,
alkylaminos such as methyl amino, ethylamino, butylamino
and dimethylamino; nitro, sulfo, carbamoyl, alkylcarbamoys
such as N-methyl carbamoyl, N-ethyl carbamoyl and N,N-
dimethy] carbamoyl; sulfamoyl, alkylsulfamoyls such as
N-methyl sulfamoyl, N-ethyl sulfamoyl and N,N-dimethyl
sulfamoyl; ureido, alkylureidos such as N-methyl ureido,
N,N-dimethyl ureido, and N,N,N'-trimethyl ureido; alkyls
such as methyl, ethyl, propyl, butyl, pentyl, heptyl, octyl,
isopropyl, s-butyl, t-amyl, cyclohexyl and cyclopentyl; alk-

Sep. 10,2009

enyls such as vinyl, allyl and hexenyl; alkynyls such as ethy-
nyl and butynyl; acyls such as formyl, acetyl, butyryl, hex-
anoyl and lauryl; acyloxys such as acetoxy, butyryloxy,
hexanoyloxy and lauryloxy; alkoxys such as methoxy,
ethoxy, propoxy, butoxy, pentyloxy, heptyloxy and octyloxy;
aryloxys such as phenoxy; alkoxycarbonyls such as methoxy-
carbonyl, ethoxycarbonyl, propoxycarbonyl, butoxycarbo-
nyl, pentyloxycarbonyl and heptyloxycarbonyl; aryloxycar-
bonyls such as phenoxycarbonyl; alkoxycarbonylaminos
such as butoxy carbonylamino and hexyloxy carbonylamino;
alkylthios such as methylthio, ethylthio, propylthio,
butylthio, pentylthio, heptylthio and octylthio; arylthios such
as pheylthio; alkylsulfonyls such as methylsulfonyl, ethylsul-
fonyl, propylsulfonyl, butylsulfonyl, pentylsulfonyl, heptyl-
sulfonyl and octylsulfonyl; amidos such as acetoamido, buty-
lamido, hexylamido and laurylamido; and non-aromatic
heterocyclic groups such as morpholino and pyrazinyl. As the
substituent in the substituted aryl groups or the substituted
aromatic heterocyclic groups, halogen atoms, cyano, cat-
boxyl, hydroxyl, amino, alkyl-substituted aminos, acyl, acy-
loxys, amidos, alkoxycarbonyls, alkoxys, alkylthios and
alkyls are preferable.

[0143] Thealkyl moietiesin the alkylaminos, alkoxycarbo-
nyls, alkoxys and alkylthios, and alkyls may have one or more
substituents. Examples of the substituent in the alkyl moieties
or alkyls include halogen atoms, hydroxyl, carboxyl, cyano,
amino, alkylaminos, nitro, sulfo, carbamoyl, alkylcarbam-
oyls, sulfamoyl, alkylsulfamoyls, ureido, alkylureidos, alk-
enyls, alkynyls, acyls, acyloxys, acylaminos, alkoxys, ary-
loxys, alkoxycarbonyls, aryloxycarbonyls,
alkoxycarbonylaminos, alkylthios, arylthios, alkylsulfonyls,
amidos and non-aromatic heterocyclic groups. As the sub-
stituent in the alkyl moieties or alkyls, halogen atoms,
hydroxyl, amino, alkylaminos, acyls, acyloxys, acylaminos,
alkoxycarbonyls and alkoxys are preferable.

[0144] Informula (a), L' and L'? each independently rep-
resent a divalent group selected from the group consisting of
—0—CO—, —CO—0O— and any combinations thereof.

[0145] In formula (a), X represents 1,4-cyclohexylene,
vinylene or ethynylene.

[0146] Specific examples of the compound represented by
formula (a) include Compounds (1)-(45) described in JPA
No. 2006-89529, [0037]-[0047], and trans- and cis-sub-
stances thereof.

[0147] As described above, the rod-like compound is pref-
erably selected from compounds having linear molecular
structure. Therefore, trans-substances are preferred to cis-
substances.

[0148] Compounds (2) and (3), described in JPA No. 2006-
89529, [0037], have four types of isomers including not only
geometric isomers but also enantiomers. Among the geomet-
ric isomers, trans-substances are preferred to cis-substances.
Enantiomers such as D-, L- and racemic-substances are
nearly equally preferred.

[0149] Compounds (43)-(45), described in JPA No. 2006-
89529, [0045], have trans- and cis-forms with a vinylene
bond as a center. Because of the same reason, trans-sub-
stances are preferred to the cis-substances.

[0150] Intheinvention, the liquid crystal compound may be
selected from compounds having a polymerizable group
which are polymerizable or curable under irradiation of light
or heat. Such a compound may be aligned in the film, and then
polymerize, to thereby be in a stable state in the film.
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[0151] The polymerizable liquid crystal compound may be
used with a low-molecular weight compound(s) such as
photo-polymerization initiator.

[0152] Molecules of'the liquid crystal compound in the film
are aligned with a degree of orientation higher than that of
molecules of the cellulose acylate contained in the film as a
major ingredient; and therefore, by using a liquid crystal
compound as an Re enhancer, the film showing higher Re can
be obtained. The liquid crystal compound to be used as an Re
enhancer may be added to the cellulose acylate composition
with one or more additives, which are optionally used. Pref-
erably, the liquid crystal compound is dissolved in an organic
solvent such as alcohol, methylene chloride and dioxolane
once; and then the solution is added to the polymer solution
(preferably cellulose acylate solution). The amount of the
liquid crystal compound is preferably from 5 to 100% by
mass, and more preferably from 50 to 100% by mass with
respect to the total mass of all of the additives. And the
amount of the liquid crystal compound is preferably from 0.1
to 30% by mass, more preferably from 0.5 to 20% by mass,
and even more preferably from 1 to 10% by mass with respect
to the total mass of the cellulose acylate composition.

[0153] Inthe embodiments employing the cellulose acylate
composition containing not only the liquid crystal compound
but also the rod-like compound, the amount of the rod-like
compound is preferably from 0.1 to 30% by mass, more
preferably from 0.5 to 20% by mass and even more preferably
from 1 to 10% by mass with respect to the total mass of the
cellulose acylate composition.

[0154] Inthe embodiments employing the cellulose acylate
composition containing not only the liquid crystal compound
but also the discotic compound, the amount of the rod-like
compound is preferably from 0.1 to 30% by mass, more
preferably from 0.5 to 20% by mass and even more preferably
from 1 to 10% by mass with respect to the total mass of the
cellulose acylate composition.

[0155] Inthe invention, the thickness ofthe retardation film
A or B is not limited to any specific range, and, in terms of
thinning, the thickness is preferably equal to or less than 100
pm, more preferably equal to or less than 80 um, and even
more preferably equal to or less than 60 um. In terms of
thinning, the less thickness is more preferable; however, gen-
erally, the thickness of a polymer film is equal to or more than
30 pm.

[0156] Oneexample of the retardation film to be used in the
invention is a retardation film having the reversed wavelength
dispersion characteristics of both of Re and Rth. The retarda-
tion films having the reversed wavelength dispersion charac-
teristics of both of Re and Rth may be prepared by using the
cellulose acylate composition containing at least one com-
pound represented by formula (A).

[0157] Rth Enhancer

[0158] In order to prepare a cellulose acylate film which
satisfies the conditions of the retardation films to be used in
the invention, an Rth enhancer is preferably added to the
cellulose acylate film. Here, the term of Rth enhancer is used
for any compounds having a property which enhances bire-
fringence along thickness direction of the film.

[0159] As the Rth enhancer, a compound having large
polarizability anisotropy having an absorption maximum in a
wavelength range of 250 nm to 380 nm is preferred. The
compounds represented by formula (I) are preferably used as
the Rth enhancer.

Sep. 10,2009

s y
R
X3/

ﬁ*\N

R2 J\ /I\

Sy N x!
i}

[0160] In the formula, X' represents a single bond,
—NR*—, —O— or —S—; X represents a single bond,
—NR®>—, —O— or —S—; X? represents a single band,
—NR°—, —O— or —S—. And, R', R? and R® indepen-
dently represent an alkyl group, an alkenyl group, an aromatic
ring group or a hetero-ring group; R*, R> and R® indepen-
dently represent a hydrogen atom, an alkyl group, an alkenyl
group, an aryl group or a hetero-ring group.

[0161] Examples of the compound represented by formula
(D) include, but are not limited to, Compounds 1-(1) to IV-(10)
described in JPA No. 2007-86748, [0039]-[0051].

[0162] Forimproving the mechanical properties or promot-
ing the drying rate, one or more plasticizers may be added to
the cellulose acylate film to be used as the retardation film A
or B. As the plasticizer, phosphates or carboxylates may be
used. Examples of such phosphate include triphenyl phos-
phate (TPP) and tricresyl phosphate (TCP). Representative
examples of such carboxylate are phthalic esters and citric
esters. Examples of phthalic esters include dimethyl phtha-
late (DMP), diethyl phthalate (DEP), dibutyl phthalate
(DBP), dioctyl phthalate (DOP), dipheny! phthalate (DPP),
and diethylhexyl phthalate (DEHP). Examples of citric esters
include triethyl o-acetylcitrate (OACTE) and tributyl o-ace-
tylcitrate (OACTB). Examples of other carboxylate include
butyl oleate, methylacetyl ricinoleate, dibutyl sebacate, and
various trimellitic esters. Phthalic ester type plasticizers
(DMP, DEP, DBP, DOP, DPP, and DEHP) are preferably
used. In particular, DEP and DPP are preferred.

[0163] The additive amount of a plasticizer is preferably
0.1 to 25 percent by mass, more preferably 1 to 20 percent by
mass, and much more preferably 3 to 15 percent by mass with
respect to the mass of the cellulose acylate.

[0164] A deterioration inhibitor (e.g., an antioxidizing
agent, peroxide decomposer, radical inhibitor, metal inacti-
vating agent, oxygen scavenger, or amine) may be added to
the polymer film. Deterioration inhibitors are described in
JPA Nos. hei 3-199201, hei 5-1907073, hei 5-194789, hei
5-271471, and hei 6-107854. The additive amount of the
deterioration inhibitor is preferably 0.01 to 1 percent by mass,
and more preferably 0.01 to 0.2 percent by mass of the solu-
tion (dope) to be prepared. When the additive amount is less
than 0.01 percent by mass, the effect of the deterioration
inhibitor is substantially unrecognizable. When the additive
amount is in the excess of 1 percent by mass, the deterioration
inhibitor may bleed out on the surface of the film. Butylated
hydroxytoluene (BHT) and tribenzylamine (TBA) are par-
ticularly preferable deterioration inhibitors.

[0165] The cellulose acylate film may be stretched. The
draw ratio in stretching is preferably from 3 to 100% or so.
The stretching may be carried out by using a tenter. When
stretched, the film may have a desired retardation. The
stretching direction of the film may be in the transverse direc-
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tion or in the machine direction. For stretching in the trans-
verse direction, a tenter may be used; and for stretching in the
machine direction, rolls may be used. Regarding the stretch-
ing temperature and the preferred amount of the residual
solvent in the film, for example, referred to are the techniques
described in JPA Nos. S62-115035, H4-152125, H4-284211,
and Hatsumei Kyokai’s Disclosure Bulletin 2001-1745,p. 29.
[0166] In the invention, a film prepared by casting a cellu-
lose dope onto a metal support, partly drying it, then peeling
the solvent-containing web, stretching it with a tenter and
drying and winding it, may be used as the film for the inven-
tion. The process of preparing the film includes at least two-
stage stretching step of peeling and then continuously stretch-
ing the film with a tenter (line-stretching), or once winding
the film and re-stretching it (off-line stretching). Preferably, a
step of line-stretching in a draw ratio of from 10 to 40%, and
a step of off-line stretching in a draw ratio of from 15 to 30%
are combined. More preferably, 20 to 30% line-stretching is
combined with 15 to 25% off-lien stretching. In off-line
stretching, preferably, the film is pre-heated at a temperature
higher than the stretching temperature, before it is stretched.
[0167] In case where the cellulose acylate film is made to
function also as a transparent protective film for polarizing
films in addition to the function thereof as the retardation film,
the cellulose acylate film is preferably surface-treated for
enhancing its adhesiveness to polarizing elements.

[0168] The surface treatment includes corona discharge
treatment, glow discharge treatment, flame treatment, acid
treatment, alkali treatment or UV irradiation treatment. Pre-
ferred is acid treatment or alkali treatment; and more pre-
ferred is alkali treatment.

[0169] In the invention, the thickness of the retardation
films A and B1is preferably from 30 to 100 um each. When the
thicknesses of the retardation films fall within the range, then
it is favorable as satisfying both the requirement of film thick-
ness reduction and the optical properties.

[0170] One preferred embodiment of the invention is such
that, as so described in the above, Re of the retardation film A
satisfies the above condition (I11I) and Rth thereof satisfies the
above condition (VI) (or that is, both Re and Rth of the film A
have regular wavelength dispersion characteristics), and Re
of the retardation film B satisfies the above condition (IV) and
Rth thereof satisfies the above condition (VII) (or that is, both
Re and Rth of the film B have reversed wavelength dispersion
characteristics).

[0171] The cellulose acylate film satisfying the conditions
of (I) and (II) and having the regular wavelength dispersion
characteristics of both of Re and Rth may be prepared by
using the cellulose acylate composition containing at least
one compound having an absorption peak at a wavelength
falling within the range from 250 to 380 nm, preferably, such
compound is selected from compounds represented by for-
mula (I).

[0172] The cellulose acylate film satisfying the conditions
of (I) and (II) and having the reversed wavelength dispersion
characteristics of both of Re and Rth may be prepared by
using the cellulose acylate composition containing not only
the liquid crystal compound represented by formula (A) but
also the liquid crystal compound represented by formula (a)
as Re enhancer. The details of and preferable examples of the
compounds represented by the formulae are described above.

[Polarizing Plate]

[0173] A polarizing plate fabricated by integrating a cellu-
lose acylate film serving as the retardation film with a linear
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polarizing film (polarizing film) may be used in the liquid-
crystal display device of the invention. The polarizing plate
may be fabricated by laminating the retardation film and a
linear polarizing film (this may be referred to simply as
“polarizing film”). The cellulose acylate film for the retarda-
tion film may serve also as a protective film for the linear
polarizing film.

[0174] The linear polarizing film is preferably a coated
polarizing film typically by Optiva Inc.. or a polarizing film
comprising a binder, and iodine or a dichroic dye. Iodine and
adichroic die in the linear polarizing film express polarizabil-
ity when aligned in binder. lodine and the dichroic dye pref-
erably align along the binder molecules, or the dichroic dye
preferably aligns in one direction as self-textured like liquid
crystal. Polarizing elements that are now commercially avail-
able are generally fabricated by dipping a stretched polymer
in a solution of iodine or a dichroic dye in a dyeing bath,
whereby iodine or the dichroic dye is infiltrated into the
binder.

[0175] On the surface of the linear polarizing film opposite
to the surface thereof to which a retardation film has been
stuck, a polymer film is preferably disposed (in a configura-
tion of retardation film/polarizing film/polymer film).

[0176] Preferably, the polymer film has, as provided
thereon, an antireflection film having soiling resistance and
scratch resistance on its outermost surface. The antireflection
film may be any conventional known one.

EXAMPLES

[0177] The invention is described more concretely with
reference to the following Examples, in which the material,
the reagent and the substance used, their amount and ratio,
and the details of the treatment may be suitably modified or
changed not overstepping the spirit and the scope of the
invention. Accordingly, the invention should not be limited to
the Examples mentioned below.

[Production of Cellulose Acylate Film 101]

[0178] Theingredients shown below were mixed to prepare
a cellulose acylate solution having a formulation shown
below. The cellulose acylate solution was cast on a band,
using a band casting device to form a web; and then the
resulting web was separated from the band. After that, the
web was stretched in the TD direction at a temperature of
140° C. in which the stretching ratio was 40%, and then dried
to form a film. In this way, a cellulose acylate film having a
thickness of 55 wm was produced. This was used as Cellulose
acylate film 101.

(Cellulose acylate solution)

Cellulose acetate

(the degree of substitution
with acetyl: 2.80)
Compound F-1 shown below
Triphenyl phosphate
Dipheny! phosphate
Methylene chloride
Methanol

100 parts by mass

2 parts by mass

3 parts by mass

2 parts by mass
418 parts by mass
62 parts by mass




US 2009/0225262 Al

-continued

(Cellulose acylate solution)

Compound F-1:
HC N N N CH;

T

OCH;

[Production of Cellulose Acylate Film 102]

[0179] Theingredients shown below were mixed to prepare
a cellulose acylate solution having a formulation shown
below. The cellulose acylate solution was cast on a band using
a band casting device to form a web; and then the web was
separated from the band. After that, the web was stretched in
the TD direction at a temperature of 140° C. in which the
stretching ratio was 40%, and then dried to form a film. In this
way, a cellulose acylate film having a thickness of 50 pm was
produced. This was used as Cellulose acylate film 102.
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below. The cellulose acylate solution was caston a band using
a band casting device to form a web; and then the web was
separated from the band. After that, the web was stretched in
the TD direction at a temperature of 140° C. in which the
stretching ratio was 40%, and then dried to form a film. In this
way, a cellulose acylate film having a thickness of 50 um was
produced. This was used as Cellulose acylate film 103.

(Cellulose acylate solution)

Cellulose acetate 100 parts by mass
(the degree of substitution with acetyl: 2.80)

Compound F-1 shown above 2 parts by mass
Compound F-2 shown above 2 parts by mass
Compound F-3 shown above 2 parts by mass
Triphenyl phosphate 3 parts by mass
Diphenyl phosphate 2 parts by mass
Methylene chloride 418 parts by mass
Methanol 62 parts by mass

[Production of Cellulose Acylate Films 104 and 105]

[0181] Theingredients shown below were mixed to prepare
a cellulose acylate solution having a formulation shown
below. The cellulose acylate solution was cast on a band using
a band casting device to form a web; and then the web was
separated from the band. After that, the web was stretched in

(Cellulose acylate solution)

Cellulose acetate

(the degree of substitution
with acetyl: 2.80)
Compound F-1 shown above
Compound F-2 shown below
Compound F-3 shown below
Triphenyl phosphate
Dipheny! phosphate
Methylene chloride
Methanol

100 parts by mass

2.5 parts by mass
2 parts by mass

2 parts by mass

3 parts by mass

2 parts by mass
418 parts by mass
62 parts by mass

Compound F-2

o]
Ncﬁ;o\_x OH
S S

(0] 0]

Compound F-3

GHs
\Q\ /LO ! : ’ )
1,1(
0] 0O

[Production of Cellulose Acylate Film 103]

GHs

[0180] Theingredients shown below were mixed to prepare
a cellulose acylate solution having a formulation shown

the TD direction at a temperature of 140° C. in which the
stretching ratio was 25%, and then dried to form a film. In this
way, a cellulose acylate film having a thickness of 40 pm was
produced. This was used as Cellulose acylate film 104.
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(Cellulose acylate solution)

Cellulose acetate

(the degree of substitution with acetyl:
1.54; the degree of substitution with
propyonyl: 0.84)

Additive K-1 shown below

Additive K-2 shown below
Methylene chloride

Ethanol

100 parts by mass

5 parts by mass

4 parts by mass
416 parts by mass
79 parts by mass
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below. The cellulose acylate solution was caston a band using
a band casting device to form a web; and then the web was
separated from the band. After that, the web was stretched in
the TD direction at a temperature of 140° C. in which the
stretching ratio was 35%, and then dried to form a film. In this
way, a cellulose acylate film having a thickness of 50 pm was
produced. This was used as Cellulose acylate film 111.

(Cellulose acylate solution)

ﬁ CH; ﬁ
< >—C—O—C—C—O—C—< >
H, H

[0182] According to the similar method to the method for
preparing Cellulose acylate film 104, a cellulose acylate film
having a thickness of 52 um was produced. This was used as
Cellulose acylate film 105.

W

[Production of Norbornene Polymer Films 106 to 110]

[0183] A commercial norbornene polymer film
“ZEONOR” (by Nippon Zeon) was stretched in the trans-
verse direction by 32% with fixing it in the machine direction
at 140° C., thereby producing a film 106. The thickness of the
film was 70 um.

[0184] A commercial norbornene polymer film
“ZEONOR” (by Nippon Zeon) was stretched in the trans-
verse direction by 35% with fixing it in the machine direction
at 140° C., thereby producing a film 107. The thickness of the
film was 65 um.

[0185] A commercial norbornene polymer film
“ZEONOR” (by Nippon Zeon) was stretched in the trans-
verse direction by 30% with fixing it in the machine direction
at 140° C., thereby producing a film 108. The thickness of the
film was 70 um.

[0186] A commercial norbornene polymer film
“ZEONOR” (by Nippon Zeon) was stretched in the trans-
verse direction by 40% with fixing it in the machine direction
at 140° C., thereby producing a film 109. The thickness of the
film was 65 um.

[0187] A commercial norbornene polymer film
“ZEONOR” (by Nippon Zeon) was stretched in the trans-
verse direction by 40% with fixing it in the machine direction
at 140° C., thereby producing a film 110. The thickness of the
film was 75 um.

[Production of Cellulose Acylate Film 111]

[0188] Theingredients shown below were mixed to prepare
a cellulose acylate solution having a formulation shown

Cellulose acetate

(the degree of substitution with acetyl: 2.80)
Compound F-1 shown above

Compound F-2 shown above

Compound F-3 shown above

Triphenyl phosphate

Diphenyl phosphate

Methylene chloride

Methanol

100 parts by mass

1.5 parts by mass
2 parts by mass

2 parts by mass

3 parts by mass

2 parts by mass
418 parts by mass
62 parts by mass

[Preparation of Cellulose Acylate Film 112]

[0189] Theingredients shown below were mixed to prepare
a cellulose acylate solution having a formulation shown
below. The cellulose acylate solution was caston a band using
a band casting device to form a web; and then the web was
separated from the band. After that, the web was stretched in
the TD direction at a temperature of 140° C. in which the
stretching ratio was 40%, and then dried to form a film. In this
way, a cellulose acylate film having a thickness of 50 pm was
produced. This was used as Cellulose acylate film 112.

(Cellulose acylate solution)

Cellulose acetate

(the degree of substitution with acetyl: 2.80)
Compound F-1 shown above

Compound F-2 shown above

Compound F-3 shown above

100 parts by mass

3 parts by mass
2 parts by mass
2 parts by mass

Triphenyl phosphate 3 parts by mass
Diphenyl phosphate 2 parts by mass
Methylene chloride 418 parts by mass
Methanol 62 parts by mass

[Production of Cellulose Acylate Film 113]

[0190] Theingredients shown below were mixed to prepare
a cellulose acylate solution having a formulation shown
below. The cellulose acylate solution was cast on a band using
a band casting device to form a web; and then the web was
separated from the band. After that, the web was stretched in
the TD direction at a temperature of 140° C. in which the
stretching ratio was 20%, and then dried to form a film. In this
way, a cellulose acylate film having a thickness of 55 um was
produced. This was used as Cellulose acylate film 113.

(Cellulose acylate solution)

Cellulose acetate
(the degree of substitution with acetyl: 2.80)

100 parts by mass
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-continued -continued
(Cellulose acylate solution) (Cellulose acylate solution)
Compound F-1 shown above 2 parts by mass )
Triphenyl phosphate 3 parts by mass Methylene chloride 418 parts by mass
Diphenyl phosphate 2 parts by mass Methanol 62 parts by mass
Methylene chloride 418 parts by mass
Methanol 62 parts by mass

[Production of Cellulose Acylate Film 114]

[0191] Theingredients shown below were mixed to prepare
a cellulose acylate solution having a formulation shown
below. The cellulose acylate solution was cast on a band using
a band casting device to form a web; and then the web was
separated from the band. After that, the web was stretched in
the TD direction with the stretching ratio of 22%, and then
dried to form a film. The obtained film was preheated at 200°
C., subsequently heated at 175° C., stretched in the TD direc-
tion at a temperature of 175° C. in which the stretching ratio
was 20%, and then dried to form a cellulose acylate film
having a thickness of 45 um. This was used as Cellulose
acylate film 114.

(Cellulose acylate solution)

Cellulose acetate 100 parts by mass
(the degree of substitution with acetyl: 2.81)

Compound F-1 shown above 6 parts by mass
Triphenyl phosphate 3.5 parts by mass
Diphenyl phosphate 2 parts by mass
Methylene chloride 418 parts by mass
Methanol 62 parts by mass

[Production of Cellulose Acylate Film 115]

[0192] Theingredients shown below were mixed to prepare
a cellulose acylate solution having a formulation shown
below. The cellulose acylate solution was cast on a band using
a band casting device to form a web; and then the web was
separated from the band. After that, the web was stretched in
the TD direction with the stretching ratio of 25%, and then
dried to form a film. The obtained film was preheated at 200°
C., subsequently heated at 175° C., stretched in the TD direc-
tion at a temperature of 175° C. in which the stretching ratio
was 25%, and then dried to form a cellulose acylate film
having a thickness of 42 pm. This was used as Cellulose
acylate film 115.

(Cellulose acylate solution)

Cellulose acetate 100 parts by mass
(the degree of substitution with acetyl: 2.81)

Compound F-1 shown above 7 parts by mass
Triphenyl phosphate 3.5 parts by mass
Diphenyl phosphate 2 parts by mass

[Production of Cellulose Acylate Film 116]

[0193] Theingredients shown below were mixed to prepare
a cellulose acylate solution having a formulation shown
below. The cellulose acylate solution was cast on a band using
a band casting device to form a web; and then the web was
separated from the band. After that, the web was stretched in
the TD direction at a temperature of 140° C. in which the
stretching ratio was 20%, and then dried to form a film. In this
way, a cellulose acylate film having a thickness of 50 pm was
produced. This was used as Cellulose acylate film 116.

(Cellulose acylate solution)

Cellulose acetate 100 parts by mass
(the degree of substitution with acetyl: 2.81)

Compound F-1 shown above 0.5 parts by mass
Compound F-2 shown above 2.5 parts by mass
Compound F-3 shown above 3 parts by mass
Triphenyl phosphate 3 parts by mass
Diphenyl phosphate 2 parts by mass
Methylene chloride 418 parts by mass
Methanol 62 parts by mass

[Production of Cellulose Acylate Film 117]

[0194] Theingredients shown below were mixed to prepare
a cellulose acylate solution having a formulation shown
below. The cellulose acylate solution was caston a band using
a band casting device to form a web; and then the web was
separated from the band. After that, the web was stretched in
the TD direction at a temperature of 140° C. in which the
stretching ratio was 20%, and then dried to form a film. In this
way, a cellulose acylate film having a thickness of 52 pm was
produced. This was used as Cellulose acylate film 117.

(Cellulose acylate solution)

Cellulose acetate 100 parts by mass
(the degree of substitution with acetyl: 2.81)

Compound F-1 shown above 0.5 parts by mass
Compound F-2 shown above 3.5 parts by mass
Compound F-3 shown above 3 parts by mass
Triphenyl phosphate 3 parts by mass
Diphenyl phosphate 2 parts by mass
Methylene chloride 418 parts by mass
Methanol 62 parts by mass

[0195] The films 101 to 117 produced in the above were
analyzed for their optical characteristics, and their data are
shown in the following Table.
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TABLE 1

Film Re  Rth Re(446)/Re(548) Rth(446)/Rth(548)

No. Material (nm) (nm) Re(628)/Re(548) * Rth(628)/Rth(548) **

101 Cellulose 55 120 1.026 (V) 1.008 (VII)
acylate 0.992 0.998

102 Cellulose 55 120 0.961 (113 0.961 4%8]
acylate 1.011 1.014

103 Cellulose 60 110 0.961 (111 0.961 [4%8]
acylate 1.011 1.014

104 Cellulose 55 120 0.965 (111 0.965 [4%8]
acylate 1.011 1.008

105 Cellulose 45 125 0.965 (113 0.965 4%8]
acylate 1.011 1.008

106 Norborne 55 120 1.000 W) 1.000 (VIIT)
base 1.000 1.000
polymer

107 Norbornene 60 110 1.000 W) 1.000 (VIIT)
polymer 1.000 1.000

108 Norbornene 53 120 1.000 %) 1.000 (VIIT)
polymer 1.000 1.000

109 Norborne 70 100 1.000 V) 1.000 (VIIT)
polymer 1.000 1.000

110 Norbornene 70 125 1.000 %) 1.000 (VIIT)
polymer 1.000 1.000

111 Cellulose 70 100 0.961 (111 0.961 4%8]
acylate 1.011 1.014

112 Cellulose 70 125 0.961 (111 0.961 V1)
acylate 1.011 1.014

113 Cellulose 45 125 1.026 (V) 1.008 (VII)
acylate 0.992 0.998

114 Cellulose 50 115 1.016 (V) 1.005 (VII)
acylate 0.993 0.997

115 Cellulose 60 115 1.018 (V) 1.010 (VII)
acylate 0.994 0.996

116 Cellulose 50 115 0.85 (V) 0.905 (VID
acylate 1.04 1.05

117 Cellulose 60 115 0.837 (V) 0.891 (VID
acylate 1.045 1.05

*: Any one of the conditions of (IIT) to (V) that Re of the film satisfies.
*#: Any one of the conditions of (VI) to (VIII) that Rth of the film satisfies.

[Production of Polarizing Plate]

[0196] The surface of each of the films produced in the
above was saponified with alkali. Concretely, the film was
dipped in an aqueous 1.5 N sodium hydroxide solution at 55°
C. for 2 minutes, then washed on a rinsing bath at room
temperature, and neutralized with 0.1 N sulfuric acid at 30° C.
Again, this was washed in a rinsing bath at room temperature
and dried in hot air at 100° C. Next, a polyvinyl alcohol film
roll having a thickness of 80 pm was unrolled and continu-
ously stretched by 5 times in an aqueous iodine solution, then
dried to give a polarizing film having a thickness of 20 pum.
Using an aqueous 3% polyvinyl alcohol (Kuraray’s PVA-
117H) solution as an adhesive, the alkali-saponified films 101
to 113, and a film Fujitac TD8OUL (by FUIIFILM) also
saponified with alkali in the same manner were prepared, and
the former were individually combined with the latter and
stuck together via a polarizing film sandwiched therebetween
in such a manner that the saponified surface of the two films
could face the polarizing film, thereby fabricating polarizing
plates in which the film and TD80UL could be the protective
films for the polarizing film.

[Production of Liquid-Crystal Display Devices Nos. 1 to 12]

[0197] Using each of the polarizing pates fabricated in the
above, liquid-crystal display devices Nos. 1 to 12 having the
same constitution as in FI1G. 1 were constructed. Concretely,

a VA-mode liquid-crystal cell (And=300 nm) was used as the
liquid-crystal cell, and the polarizing plates were incorpo-
rated in the device in FIG. 1 on the panel side and on the
backlight side thereof (P1 and P2 in FIG. 1), thereby con-
structing the liquid-crystal display device as in the following
Table showing the combination of the retardation films in
each device. In the device, the slow axes of the retardation
films were kept perpendicular to each other, as in FI1G. 1.

(Evaluation)
Transmittances in the Black and the White Sates:

[0198] The liquid-crystal display devices Nos. 1 to 12 con-
structed in the above were driven to measure the transmit-
tances in the black and the white states, in the front direction
(or in other words in the normal line direction relative to the
displaying plane) and in an oblique direction (in the direction
at a polar angle of 45 degrees and an azimuth angle of 60
degrees), thereby to determine the front contrast and the
oblique contrast thereof. The results are shown in the follow-
ing Table.

Color Shift in the Black State:

[0199] The liquid-crystal display devices Nos. 1 to 12 con-
structed in the above were driven to measure the color shift in
the black state, Au'v' (=q(u'max—v'min)*+(v'max-v'min)?).
In this, u'max (v'max) means the largest u' (v') at an angle of
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from 0 to 360 degrees; and u'min (v'min) means the smallest
u' (v') at an angle of from 0 to 360 degrees. The results are
shown in the following Table.
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persion characteristics of retardation in plane Re and/or
retardation along thickness direction Rth thereof in a
visible light region:

TABLE 2
Color shift
CR in the
in the black
LCD Displaying-side Backlight-side oblique state
No. Retardation Film Retardation Film direction  (Auv') Note
1 Film 101 Film102 62 0.04  invention
Re: (IV), Rth: (VI))  Re: (IID), Rth: (V)
2 Film101 Film104 60 0.05  Invention
Re: (IV), Rth: (VI[)  Re: (IID), Rth: (V)
3 Film101 Film106 58 0.06  Invention
Re: (IV), Rth: (VII)  Re: (V), Rth: (VIN)
4 Film107 Film103 65 0.05  Invention
Re: (V), Rth: (VII)  Re: (IID), Rth: (VI)
5 Film106 Film104 60 0.06  Invention
Re: (V), Rth: (VII)  Re: (IID), Rth: (VI)
6 Film105 Film105 52 0.06  Comparative
Re: (1), Rth: (VI)  Re: (IID), Rth: (VI) Example
7 Film108 Film108 55 0.07  Comparative
Re: (V), Rth: (VII)  Re: (V), Rth: (VII) Example
8 Film109 Film111 65 0.05  Invention
Re: (V), Rth: (VII)  Re: (IID), Rth: (VI)
9 Film110 Film112 62 0.06  Invention
Re: (V), Rth: (VII)  Re: (IID), Rth: (VI)
10 Film113 Film105 55 0.05  Invention
Re: (IV), Rth: (VI[)  Re: (IID), Rth: (V)
11 Filml14 Film116 60 0.04  Invention
Re: (IV), Rth: (VI[)  Re: (IID), Rth: (V)
12 Filml15 Film117 65 0.03  Invention

Re: (IV), Rth: (VII)  Re: (III), Rth: (VI)

[0200] From the datainthe above Table, it is known that the
liquid-crystal display devices of the invention, comprising
films having Re(548) and Rth(548) on the same level but
having different wavelength dispersion characteristics of Re
and Rth, as the displaying-side retardation film and the back-
light-side retardation film, are all better than the comparative
liquid-crystal display devices comprising the same film both
as the displaying-side retardation film and the backlight-side
retardation film, in that the oblique contrast of the former is
higher than that of the latter and that the color shift of the
former in oblique directions in the black state is smaller than
that of the latter.

What is claimed is:

1. A liquid-crystal display device comprising:

a liquid-crystal cell comprising a liquid-crystal layer that
aligns vertically to the substrate thereof in the black
state,

first and second polarizing elements that are disposed to
sandwich the liquid-crystal cell therebetween so that
their absorption axes are orthogonal to each other,

a retardation film A disposed between the first polarizing
element and the liquid-crystal cell and satisfying the
following conditions (1) and (II), and

a retardation film B disposed between the second polariz-
ing element and the liquid-crystal cell and satisfying the
following conditions (1) and (1I),

wherein the retardation films A and B are equivalent to each
other in terms of retardation in plane at a wavelength of
548 nm, Re(548), and retardation along thickness direc-
tion at a wavelength of 548 nm, Rth(548) thereof, but
differ from each other in terms of the wavelength dis-

(D) 30 nm=Re(548)=80 nm,

(1) 70 nm=Rth(548)=140 nm,

where Re(M) [nm] means retardation in plane of the film

measured at a wavelength A [nm]; and Rth(}) [nm]
means retardation along thickness direction of the film
measured at a wavelength A[nm].

2. The liquid-crystal display device of claim 1, wherein
retardation in plane Re of the retardation film A satisfies any
of the following conditions (I1I) to (V), and retardation in
plane Re of the retardation film B satisfies any of the follow-
ing conditions (IIT) to (V) other than that which Re of the
retardation film A satisfies:

(1IT) Re(446)/Re(548)<1 and Re(628)/Re(548)>1,
(IV) Re(446)/Re(548)>1 and Re(628)/Re(548)<1,
(V) IRe(446)-Re(628)I/Re(548)<0.03.

3. The liquid-crystal display device of claim 1, wherein
retardation along thickness direction Rth of the retardation
film A satisfies any of the following conditions (V) to (VII),
and retardation along thickness direction Rth of the retarda-
tion film B satisfies any of the following conditions (VT) to
(VII) other than that which Rth of the retardation film A
satisfies:

(VD) Rth(446)/Rth(548)<1 and Rth(628)/Rth(548)>1,

(VII) Rth(446)/Rth(548)>1 and Rth(628)/Rth(548)<1,

(VIII) IRth(446)-Rth(628)I/Rth(548)<0.0125.

4. The liquid-crystal display device of claim 1, wherein at
least one of the retardation films A and B is a norbornene-
based polymer film.

5. The liquid-crystal display device of claim 1, wherein at
least one of the retardation films A and B is a cellulose acylate
film.
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6. The liquid-crystal display device of claim 5, wherein the
cellulose acylate film comprises a cellulose acylate having at
least one acyl group selected from an acetyl group, a propio-
nyl group and a butyryl group.

7. The liquid-crystal display device of claim 5, wherein the
cellulose acylate film comprises a cellulose acylate having at
least two acyl groups selected from an acetyl group, a pro-
pionyl group and a butyryl group.

8. The liquid-crystal display device of claim 5, wherein the
cellulose acylate film comprises at least one discotic com-
pound having an absorption peak at a wavelength falling
within the range from 250 nm to 380 nm.

9. The liquid-crystal display device of claim 5, wherein the
cellulose acylate film comprises at least one liquid crystal
compound.

10. The liquid-crystal display device of claim 9, wherein
said at least one liquid crystal compound is a compound
represented by formula (A):

Formula (A)

12

R3

where L' and L.? independently represent a single bond or
a divalent linking group; A’ and A? independently rep-
resent a group selected from the group consisting of
—O0—,—NR— where R represents a hydrogen atom or
a substituent, —S— and —CO—; R}, R? and R? inde-
pendently represent a substitient; X represents a non-
metal atom selected from the groups 14-16 atoms, pro-
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vided that X may bind with at least one hydrogen atom or
substituent; and n is an integer from 0 to 2.
11. The liquid-crystal display device of claim 9, wherein
said at least one liquid crystal compound is a compound
represented by formula (a):

Arl12X-13-Ar Formula (a)

where Ar' and Ar® independently represent an aromatic
group; L? and I.? independently represent —O—CO—
or —CO—0O—; and X represents 1,4-cyclohexylen,
vinylene or ethynylene.
12. The liquid-crystal display device of claim 9, wherein
said at least one liquid crystal compound is a compound
represented by formula (I):

Formula (I)
R3
x7
TJ\N
R J\ )\

Sy N x!

b
where X' represents a single bond, —NR*— —O— or

—S—; X?represents a single bond, —NR>—, —O—or
—S— X? represents a single bond, —NR°*— —O—or
—S—; R*, R?, and R? independently represent an alkyl
group, an alkenyl group, an aromatic ring group or a
hetero-ring group; and R, R® and R® independently rep-
resent a hydrogen atom, an alkyl group, an alkenyl
group, an aryl group or a hetero-ring group.

13. The liquid-crystal display device of claim 1, wherein
the thickness ofthe retardation films A and B is from 30to 100
pm each.

14. The liquid-crystal display device of claim 1, wherein at
least one of the retardation films A and B is a stretched film.

* ok ok k¥
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